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LXST OF PHYSIOO-OHBMICAL SYMBOLS. 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.O.S., 1921, 119, 502—612.] 


1. McOhematical Symbols. 


Base^of natural (Napierian) logarithms ... 

Diameter 

Radius 

Ratio of ciroumferenoe to diameter 

Summation..... 

Variation 

Total differential 

Partial differential 


Usual 

ssrmbol. 

e 

d 

r 

V 

2 

$ 

d 

b 


Alternative 

S5rmbol. 


2. Urviveracd Constanta, 


Acceleration due to gravity 

Mechanical equivalent of heat 

Avo^adro’s constant [number of molecules 

in 1 gram-molecule (mole) ] 

Qas constant per mole 

Faraday's constant (number of coulombs 

per gram-equivalent of an ion) 

Charge on cm electron 


N 

It 

F 


3* General Phyaioa and Ohemiatry. 


Length 

Height 



Time 

Volume 

Density (mass unit volume) 

Pressure 

Concentration 

Mole fraction 

Critical constants : pressure, volume, tem- 
perature (centigrade), temperature 

(absolute), density * 

Reduced quaniaties ; pressure, volume, 

temperature, density 

van der Waab's constants 

Fluidity 

Viscosity 

Surface tension 

Diffusion ooefScient 

Atomic weight 

Molecular weight 

Velocity ooefiSloient of reaction 

Equilibrium constant 

van’t Hoff coefi3cient 

Degree of dissociation (electrolytio, thermal, 
etc.) 


}{ 


I 
h 
m 
t 

d 

c,C 

X 

, d, 

Mr, T„ d 
a, h 

VI 

7 

A 

A 

M 

k 

K, (Z,, Kp) 


D 



2 


LIST OF PHYSIOO-GHBMIOAL SYMBOLS. 


4. Heai, and Thermodynamics^ 


Temperature (centigrade) 

Temperature (absolute) 

Critioal temperature 

Reduced temperature 

Critical solution temperature 

Quantity of heat 

Entropy 

Specific heat 

Specific heat at constant pressure 

Specific heat at constant volxime 

Ratio of specific heats, CpiCp 

Molecular heat 

Molecular heat at constant pressure 

Molecular heat at constant volume 

Latent heat per gram 

Latent heat per mole 

Maximum work (diminution of free energy) 


Usual 

symbol, 

t 

T 

tcf 

^rf Tf 
h»9 ^e» 


Alternative 

symbol. 


5 . Optics. 

Wave-length of light 

Refractive index 

Specific refractive power (Gladstone and 

Bale) 

Specific refractive power (Lorentz and 
Lorenz) 

Molecular refractive power 

An^e of optical rotation 

Specific rotatory power 

Molecular rotatory power 

Specific magnetic rotation 

Molecular magnetic rotation 


re, 

ru [rjsJx 

Bq, "Rj^ 


6. Electricity <md Magnetism. 

Quantitjir of electricity Q 

Current intensity I 

Resistance R 

Electromotive force E 

Electrode potential, or discharge potential 

of an ion I B 


Electrode potential referred to the normal 
hydrogen or normal calomel electrode 
respectively, the potential of which is 

taken as zero 

Normal potential, t.e., the electrode poten- 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of all participating sub- 
stances and ions of variable concentra- 
tion 

Dielectric constant 

Conductivity (specific conductance) 

Equivalent conductivity 

Equivalent conductivity at different dilu- 
tions — ^volumes in litres containing 
I gram-equivalent 


Ec 


qEh, flE, 
K 

A 


^J0» ^V» Ao 


w 


•a. « 





LIST OF PHYSIOO-OHBMIOAL SYMBOLS 


6. Mleetricity and Magnetism — (continued). 


it conductivity of kation and 

Lon 

it conductivity of specified ions... 

conductivity 

>f kation and of anion in cm./ sec. 
. the potential gradient is 1 volt 

ax 

i number of kation and of anion ... 

permeability 

susceptibility 


Usual 

symbol. 

A*, Aa 
Am* Aoi 


Ut,Ua 

n*, »a 

K 


Alternative < 
symbol. 


lAs^ of Symbols, Arranged Alphabetically. 

ol. I Name of quantity. 

Atomic weight ; maximum work. 

Van der Waals’s constant. 

Van der Waals’s constant. 

Concentration ; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, and at constant 
volume. 

Specific heat at constant pressure, and at constant volume. 
Alternative symbol for density. 

Diameter ; total difterential ; density. 

Critical density. 

Beduced density. 

Ellectromotive force ; electrode potential. 

Base of Napierian logarithms ; charge on an electron. 

Wo I Electrode potential referred to the normal hydrogen or the , 
norm^ calomel electrode, respectively, the potential 
of which is taken as zero. 

tEf I Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal ccdomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion). 

Acceleration due to gravity. 

Height. 

Current. 

Van’t HofE’s coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and 
partial pressures respectively are employed. 

Velocity coefSlcient of reaction. 

Latent heat per mole. 

Length ; latent heat per gram. 

Molecular weight, 
x] Molecular rotatory power. 

•’} Molecular magnetic rotatory power. 

Mass. 

Avogadro’s constant (Xjoschznidt’s number) or number of 
molecules in 1 gram-molecule. 

Refractive index. 
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List of Symbols^ Arranged Alphabetically — (continuod). 

Symbol. Name of quantity. 

nkf na Transport number of kation and of anion. 

Refractive index (alternative symbol). 

P Pressure. 

p Pressure. 

pa, pr Critical pressure : reduced pressure. 

Q Quantity of heat $ quantity of electricity. 

P Gas constant per mole; electrical resistance. 

Baa'Bz Molecular refractive power, according to Gladstone and 
Dale, and to Lorentz and Lorenz respectively, 
f Radius. 

ftf, ri Specific refractive power according to Gladstone and Dale^ 
and to Lorentz and Loronz respectively. 

8 Bntrqpy. 

T Absolute temperature. 

Ta Critical temperature (on the absolute scale). 

Tr Reduced temperature (absolute). 

T4, Critical solution temperature (absolute). 

t Time; temperature (centigrade). 

ta Crjctical temperature (centigrade). 

tea Critical solution temperature (centigrade). 

t. Reduced temperature (centigrade). 

Velocity of kation and of anion in om./seo. when the poten- 
tial gradient is 1 volt per otn. 

V Volume. 

V Volume. 

Vc$ f’r Critical volume : reduced volume. 

W Electrical resistance (alternative symbol), 

a) Mole fraction. 

a Degree of dissociation (electrolytic, thermal, etc.); angle 

of optical rotation. 

[«] Specific rotatory power. 

7 Surface tension ; ratio of specific heats. 

A Diffusion coefficient. 

5 Variation. 

d Partial difierential. 

6 Electrode potential (alternative symbol); dielectric con* 

stant. 

« Electrode potential referred to the normal hydrogen or the 

normal calomel electrode respootivoly, the potential of 
which is taken as zero (alternative symbols). 

0*^ Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration (alternative symbols). 

Viscosity. 

Temperature (centigrade), (alternative symbol). 

Specific conductance (conductivity); magnetic suscepti* 
bility. 

Equivalent conductivity. 

Aio, Aff, Aoo Equivalent conductivity at different dilutions (volumes in 
litres containing 1 gram -equivalent), 

A*, Aa Equivalent conduetivity of kation and of anion. 

\ Wave-length of light. 

ft Moleoular conductivity; magnetic peimeability. 

Ratio of circumference to diameter. 

Summation. 

Surface tension (alternative symbol). 

Fluidity. 

ffiol Specific magnetic rotation. 



preparation and PROPERtliJS OP SELENUPHEN, ETC. 1741 

CCXXIV . — The Prepesii0ion and Properties of 

Selenophen and Certain Halogen Derivatives of 
Selenophen. 

By Henry Vincent Aird Briscoe and John Buttery Peel. 

Although the analogy between sulphur and selenium is well 
defined and thiophen is an interesting and important compound, its 
selenium analogue, selenophen^ has hitherto been unknown to 
chemists. Eelatively complex derivatives of selenophen, such as 
dimethylselenophen (Paal, Bei\, 1885, 18, 2265), have been described 
and one investigator (Foa, Oazzetta, 1909, 39, ii, 527) has stated that 
selenophen is obtained in small yield by heating together sodium 
succinate and phosphorus triselenide; but the product of this 
reaction, described as an unstable yellow liquid, b. p. 147 — 149^/260 
mm., and but slightly soluble in alcohol, differs so seriously from the 
substance we have prepared {vide infra) as to lead us to believe that 
Foa’s observations are untrustworthy. 

During attempts to prepare certain simple selenium compounds 
we found that the action of acetylene upon selenium at moderately 
high temperatures produced a mixture of substances, liquid at the 
ordinary temperature, from which selenophen could be isolated. 
The present communication describes the preparation of selenophen 
and records data for its b, p., m, p., density, thermal expansion, 
vapour density, molecular weight, surface tension, and refractive 
index, its salient chemical properties, and the preparation and 
properties of tetrabromoselenophen and tetrachloroselenophen. 

The Preparation and Identification of Selenophen, — ^Although the 
action of acetylene on selenium has not previously been investigated, 
there are references in the literature to the analogous action of 
acetylene on sulphur. Meyer and Sandmeyer (Ber., 1883, 16, 2176) 
have reported that thiophen is thus produced, and Capelle {BvM, 
Soc. chim,, 1908, 4, 160) states that the product is thiophten. Work 
now in progress in these laboratories, however, affords conclusive 
proof that appreciable quantities of thiophen can be produced from 
acetylene and sulphur. 

The reaction between acetylene and selenium was carried out in 
a silica tube 22" long and of 1^" bore, heated over a length of 9" 
by a suitable winding of nichrome wire lagged with alundum cement 
and asbestos millboard. The tube was slightly inclined and a glass 
adapter at the lower end led the volatile products into a vertical 
test-tube immersed in a cooling bath, whence uncondensed gases 
were led by a tube to the flue. Selenium, in lots of about 10 g., 
contained in a large porcelain boat, was placed in the heated portion 
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of the tube, the temperature being held at about 400*^ by adjustment 
of a rheostat in series with the furnace winding. Acetylene, taken 
from a cylinder of dissolved acetylene, was led through concentrated 
sulphuric acid in a bubbler and a drying-tube charged with phos- 
phoric oxide, into the upper end of the furnace tube. At first no 
evidence of reaction was perceived, but after several hours hydrogen 
selenide was evolved and a dark brown oil began to condense in the 
receiver ; in 24 hotxrs about 16 o.c. of the oil were obtained. The 
tube, when opened, contained a black solid deposit at the lower end 
and, as in subsequent experiments the production of the brown oil 
began as soon as the tube attained the proper temperature, it seems 
probable that its formation is catalytically assisted by the black 
deposit. This point, however, is obscure. 

A quantity of the brown oil, collected in a series of experiments, 
was fractionally distilled at a pressure of about 30 — 40 mm. and 
yielded the following fractions : 

(i) A yellow liquid, collected up to 90*^. 

(ii) A yellow solid, collected at 96 — 135®. 

(iii) A yellow-brown liquid, collected at 135 — 200®. 

(iv) A dark brown residue. 

Fraction (ii), after several recrystallisations from hot methyl 
alcohol, waswhiteand proved to be naphthalene, m. p. 79*8®, mixed 
m. p. with naphthalene 80®. By a series of fractional distillations 
and crystallisations other solid products were obtained from the 
residues of fraction (ii) and fractions (iii) and (iv), among them 
anthracene, phenanthrene, and a bright yellow orystallino solid, 
m. p. 124®, which was probably either stilbene or distyreno. None 
of the higher fractions contained more than traces of selenium. 

The low-boiling liquid, fraction (i), burned in an open dish with 
a bluish-white flame, a considerable amount of selenium being 
deposited. It was therefore submitted to a systematic fractional 
distillation at atmospheric pressure. In the first distillation, using 
an 18" glass spiral column, the first fraction, collected between 
79 — 90®, contained only a trace of selenium and consisted largely 
of benzene, hut the greater part distilled between 104 — 110® and 
was evidently a selenium compound. This was twice fractionated, 
a well-lagged 48" column packed with 4 mm. cylindrical glass beads 
being used, and yielded a final main fraction, b. p. 109*9 — 110*1®/ 
762*1 mm. The liquid was finally purified by fractional solidi- 
fication ; it was thrice frozen partially in a hath of alcohol cooled 
with solid carbon dioxide, and the liquid portions were rejected. 
About 15% of the original oil was thus obtained as a pale lemon- 
yellow liquid, f. p. —38®, mobile, dense, and highly refractive, and 
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having a slight odour, not unpleasant, resemhling both that of 
carbon disulphide and that of benzene : it burned in air with* a 
bright blue flame, from which selenium was deposited on a cold 
surface. Subsequent experiments showed that the yellow colour 
was due to a minute trace of impurity, and that the liquid was really 
colourless. 

To estimate selenium in the product, it w'^as oxidised with con- 
centrated nitric acid in a sealed tube at 200®, the contents of the tube 
were evaporated with excess of concentrated hydrochloric acid, the 
solution was boiled with sulphurous acid, and the precipitated 
elementary selenium was collected and weighed in the usual way. 
This method gives poor results but is the only one available . Carbon 
and hydrogen were determined by combustion in the usual way in 
a tube packed with copper oxide and lead chromate (Found : Se, 
594, 68-2; C, 37-1, 37-5 ; H, 3-3, 3-3. requires Se, 60-3; 

0,36-6; H,3-05%). 

The vapour density of the substance was determined by th€> 
Dumas method with a glass bulb heated in liquid paraffin or 
glycerol : 


Temperature 140® 

Barometric pressure (miu. Hg) 737*6 

Volume of bulb (o,o.) 139*28 

Weight of selenophen (g.) 0*6341 

Molecular weight 133*9 


150° 200° 

760*0 760*1 

174*04 136*84 

0*6710 0*4669 

134*0 133*0 


The calculated value for C 4 H 4 Se is 131 *2. The V.D. determinations 
were confirmed by two cryoscopic determinations of the molecular 
w'eight in benzene and bromoform. The former value is a littlo 
high, probably because a solid solution of selenophen in benzene 
crystallises out. 

Benzenu as solvent. Bronioforiii m solvent. 

Weight of aelcnoplicu (g.) 0*494K - 0*8282 

Weight of solvent (g.) 17*91 56*8() 

Depression of fj'omijg point ... O'OOO"* .1*580° 

Molecular weig] it 156*0 J32*2 

The Physiail Properiies of Sckmplmi . — Using the Hofiuanii 
apparatus, with water iu the jacket, determinations of the vapour 
pressure of selenophen were made over the range 25 — 85"' and arc 
recorded in Table 1. 

Table 1. 


Temp 

25° 

30° 

ao" 

3S° 

40° 

43° 

43° 

Vap. press, (mm. Hg. at 0^) 

46*6 

56 

66 

74 

78*6 

87 

94 

Temp 

48° 

60° 

55° 

38° 

ao° 

65° 

68° 

Vap. press, (mm. Hg, at 0°) 
Temp. 

104 

112 

131 

146 

166*5 

185-6 

206 

70° 

73° 

73° 

77° 

80° 

83° 

85° 

Vu.p. press, (mm. Hg. at 0°) 

221 

243 

S50 

277 

305*6 

333-3 

356 


Fig. 1 gives the vapour-pressure curve derived from those data 
a-nd also the relationship of log which is substantially linear. 
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The latter curve, extrapolated to 760 mm. pressure, gives a value 
(108®) for the boiling point in reasonable agreement with that 
observed in the distillation of selenophen. 

Determinations of density were made over the range 15 — 50® in 
glass Sprengel pyknometers of 10 c.c. capacity, fitted with gi’ound 
glass stoppers and weighed against a tare. At each temperature of 
observation the pyknometer was filled with water and weighed and 
then filled with selenophen and weighed, the densities of selenophen 
and water at each of the six selected temperatures thus being 
directly compared. The data, recorded in Table II, show that the 


0-0034 
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Fic. 1. 

Vapour presmre of selenopheTu 
1 /T — Reciprocal of dbaolute temperature* 
0*0032 0-0030 0-0028 
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lO"" 20® 30® 40® 60® 60® 70® 80® 90° 100° 110° 
Temperature, 


a-45 
2*35 I 

I 

2-25 & 

2 06 “S* 
1-96; 
1-85 
1-76 * 
1-66 




coefficient of expansion of the liquid is 3a (13 — 30°) = 0-001040, 
3a (30—50°) = 0-001040, and 3a (15—60°) = 0-001045. 


Table II. 

15-00° 20-00“ 26-00° 30-00° 40-00* 50-00° 

Density (g./c.c.) 1-6307 1-5232 1-6156 1-5078 1-4943 1-4763 

The refractive index (nji'*) determined -ndth a Pulfrich refractom- 
eter was 1-568. 

The surface tension of selenophen was determined by Sugden’s 
method, two especi^y good capillaries, calibrated by Dr. Robmson 
and Mr. Mills and kindly lent by them for this purpose, being used. 
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The radii of the tubes being respectively 0-25287 mm. and 0-49920 
mm., the following data were obtained : 


Temperature 15° 

Difference in capillary rise (ram.) ... 9*56 

Sm-face tension (dynes /cm.) 36*49 

Parachor (yiAf /D) 210-6 


20° 25° 

9-44 9-30 

35-83 35-14 

210-8 210-5 


Dr. Sugden has very kindly made check determinations of the 
parachor, with the following results ; 


Temperature 

i>(g./c.c.) 

y (dynes/cm, ) 

Parachor 


17-5° 28-5° 

1-501 1-485 

35-63 34-28 

213-8 213-9 


33-5° 42° 

1-476 1-464 

33-31 32-32 

213-7 213-8 


Unfortunately the sample of selenophen available for his measure- 
ments was less highly purified than that we had used : nevertheless 
his data serve to confirm the general nature of our results. 

In the Eo^vos-Ramsay-Shields’ equation {M ld)^^y = Jf — Tq) 
the value of K is about 2-1, which may be held either to confirm the 
molecular weight deduced above or to show that selenophen is a 
“ normal ** liquid. 

Assuming selenophen to have the constitution by 

deducting from its observed parachor (210-5), 4-8 for 40, 17*1 for 
4H, 23-2 for two double bonds, and 8*6 for one five-membered ring 
(total 142-5), we obtain for selenium the parachor 68-0. This value 
is in fair agreement with the value 64 obtained by Dr. Sugden 
(private communication) in a study of several other selenium com- 
pounds. 

Chemical Properties of Selenophen . — Selenophen is insoluble in 
water, but is miscible in all proportions with a number of non- 
aqueous liquids, including acetone, benzene, and carbon disulphide. 
At its boiling point it dissolves sulphur quite readily. It closely 
resembles thiophen in its remarkable stability and chemical 
inactivity. It is unaffected by boiling with water, caustic soda 
solution or concentrated hydrochloric acid. It does not form a 
picrate and yields no methiodide even when treated with methyl 
iodide in a sealed tube at 160® for 24 hours. It has but a very slight 
reducing action on potassium permanganate in acetone solution and 
when distilled from the unchanged permanganate and fractionated to 
remove acetone, practically the whole of the selenophen taken is 
recovered, but as a colourless liquid. Evidently the only effect of 
the permanganate is to oxidise the small trace of impurity, probably 
a hydrocarbon, responsible for the slight yellow colour of the distilled 
and crystallised selenophen. 

Selenophen is not reduced by the ordinary agents, such as zinc 
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and hydrochloric acid, and it is recovered practically unchanged 
after thrice being passed together vrfth hydrogen at 250® over nickel 
(on pumice; obtained by heating the sulphate in a current of 
hydrogen at 400® for 24 hours). 

Selenophen reacts with concentrated sulphuric acid with the pro- 
duction of a greenish-black mass ; when warmed with concentrated 
sulphuric acid and isatin, it gives an indophenin reaction charac- 
terised by a greenish-blue colour, becoming purple when the pro- 
duct is poured into water. When concentrated sulphuric acid was 
added cautiously to a solution of selenophen in acetic anhydride 
wen cooled in ice and the product was poured into water, a brown, 
semi-solid substance was obtained which may possibly have been a 
sulphonic derivative. It was, however, insoluble in water and 
the common organic solvents and decomposed on heating. Further 
attempts are being made to investigate the product. 

Difficulties also attended attempts to prepare nitro-derivatives of 
selenophen. It was vigorously oxidised by concentrated nitric 
acid, but when solutions of selenophen and of concentrated nitric 
acid in acetic anhydride were slowly mixed in the cold, and the 
product was poured into ice-cold water, a dark brown oil separated 
which slowly set to a brown tar. This tar had the characteristic 
smeU of nitro-compounds and dissolved readily in aqueous caustic 
soda to give a red solution, but it was insoluble in water, ether, light 
petroleum, benzene, alcohol, carbon tetrachloride, ethyl acetate, or 
acetic acid and so its investigation was deferred. 

Tetrabromoselenophm, — A vigorous reaction occurred and hydrogen 
bromide was evolved when a solution of bromine in carbon disulphide, 
slightly in excess of the calculated amount, was added to a well- 
eooled solution of selenophen (10 g.) in the same solvent. After 
24 horns, the solution was washed with dilute caustic soda solution 
and with water and evaporated on the water-bath. The brown 
residue, on reerystaflisation from alcohol, gave Mrabrtymoselenopheii 
as a white, finely crystalline substance, m. p. 102° (yield, about 70%). 
Tetrabromoselenophen is stable at its m. p., and does not reduce 
permanganate in acetone solution, but on boiling with water it 
slowly decomposes and deposits selenium. 

Bromine and selenium were estimated in the compound by oxidis- 
ing it with nitric acid and silver nitrate in a sealed tube at 200°, 
and boiling the silver bromide with dilute nitric acid to dissolve any 
silver selenite present. The silver bromide was dried, and weighed, 
and selenium was estimated in the filtrate by precipitation as the 
eluent in the usual way after the excess of silver had been removed 
as silver chloride (Found : C, 11-2, 11-1 ; Br, 71^6, 71-3; Se, 15-7, 
17-7 ; if, cryoecopic in benzene, 565, 641. C 4 Br 4 Se requires 0, 10*7 ; 
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Br, 71*4; Se, 17-9%; Jf, 447'2). Hence the compound appears to 
have the simple molecular formula, but probably forms solid solutions 
with benzene. 

Attempts to isolate a corresponding iodine daivative by similar 
methods have failed. 

Tdr(uMwo8eUricph&n ,. — On adding a slight excess of a saturated 
solution of chlorine in carbon disulphide to a solution of selenophen 
(10 g.) in the same solvent, reaction occurred and hydrogen chloride 
was evolved. After 2 days the solution deposited a pale yellow, 
orystallme solid, which appeared to be insoluble in most solvents 
and steadily evolved hydrogen chloride on keeping. A similar 
product, prepared by bubbling gaseous chlorine slowly through a 
carbon disulphide solution of selenophen (10 g.), when washed well 
with water and dried on a porous plate, was sufficiently soluble in 
toluene to be recrystallised from that solvent and the product was 
a finely crystalline, white solid (Pound : C, 16'9 ; Cl, 63*5 ; Se, 30‘6. 
CiQ^Se requires C. 17-7 ; Cl, 62*6 ; Se, 29-6%). 

The yield in this case was only about 25%, and the mother- 
liquor contained other selenium compounds, which are being invest- 
igated. When heated to 87®, the solid decomposes, evolving an 
acid gas, and fuses to a yellow liquid that does not resolidify.- A 
similar decomposition appears to occur in toluene or alcohol solutions, 
which, if overheated, become yellow and thereafter do not, on cooling, 
deposit crystals. 

The compound was not soluble in a solvent of convenient freezing 
point, and so its molecular weight was not determined. 

Although the analsrsis given appears to show that the compound is 
tetrachloroselenophen, it differs from tetrabromoselenophen to a 
rather remarkable extent. Unlike the latter, it is easily decomposed, 
with deposition of selenium, on warming with water or with acids, 
and slowly decomposes at the ordinary temperature, in air in a 
closed tube or in a vacuum, evolving acid fumes and turning brown. 
Iffiese differences suggest some difference in chemical character 
between the two halogen derivati-ves, and this is the subject of 
further inquiry. 

Acknowledgment is made of a grant from the Research Fund 
Committee of Armstrong College, which enabled one of us (J. B. P.) 
to take part in this investigation. 
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CCXXV.—SMes of Valency. PaH IX. Molecular 
Structure of Thallium Salts, (a) Thallium Tri- 
iodide ; (b) Alkyl Derivatives. 

By A-R.T W TTR John Bebey and Thoivlas Martin Lowry. 

(a) Thallium Tri4odide [with Mbs. R. E. Goldstein]. , 

Tttatt.t ttm- tri-iodide may be formulated either as thaUic iodide or 
as a thaUous polyiodide. From analogy with other thallic salts, 
the first of these formulse has been generally adopted ; but, since 
the iodide is a black, insoluble compound, whilst thallic chloride 
and bromide are soluble deliqu^eent salts, there is ample contrast 
to justify a different formulation of the iodide. Thus, Wells and 
Pe^eld {Z. anorg, Chem., 1894, 6, 312) concluded that, since thallium 
tri-iodide is isomorphous with the tri-iodides of rubidium and caesium, 
it should be formulated as the polyiodide of a univalent metal. The 
formation of a polyiodide by thallium would be exceptional, how- 
ever, since the ease of formation of polyiodides increases with the 
atomic volume of the kation (Ephraim, Inorganic Chemistry,^’ 
1026, p. 200 ), reaching a maximum in the case of csesium, with 
atomic volume 70, whereas the atomic volume of thallium (17) lies 
between those of lithium (13) and sodium (23*7). Maitland and 
Abegg [Z, anorg, Chem,, 1906, 49, 341), on the other hand, suggested 
that thallium tri-iodide may be tautomeric, exhibiting one or other 
structure according to the reagent employed. Thus the sparing 
solubility of the iodide is cited as characteristic of a thallous salt, 
whilst the capacity of forming complex ions, as in the compound 
KTII 4 , which Johnson prepared in 1878 from potassium tri-iodide 
and thaUous iodide (J., 33, 183), is characteristic of thaUio salts. 

This conflict of opinion has been resolved in the present paper 
with the help of spectroscopic observations, which, ^ow that the 
iodine in alcoholic solutions of thallium tri-iodide is not present in 
the form of a tri-iodide ion. Spectroscopic observations have also 
shown that, although thallium tri-iodide does not combine with 
iodine to form a pentaiodide [Tllgjis, the complex salt KTII4 
persists in solution. Several new addition compounds of thallium 
tii-iodide with pyridine and with the chloropyridines are also 
described, urhich retain their individuality in solution. The spectro- 
scopic evidence, which shows that the trihalides are not ionised 
completely even in dilute solutions, has been corroborated by 
measurements of conductivities in methyl alcohol and in acetonitrile, 
which show that the trihalides behave only as weak binary electro- 
lytes. Finally, it has been shown that the chemical properties of 
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thallmm tri-iodide and of its compounds with j)yridine are those of 
a thallic salt, giving only doubtful indications of thallous ions in 
solution. 

Chemical Properties, — ^Well-formed crystals of thallium tri-iodide 
were prepared by boiling thallous iodide and iodine in equivalent 
proportions with methyl alcohol in a reflux apparatus, filtering the 
liquid, and concentrating it by evaporation in a vacuum desiccator 
containing calcium chloride. When titrated with potassium iodate 
in presence of a high concentration of hydrochloric acid (Berry, 
Analyst, 1926, 137), 0-261 g. of the crystals gave a titre corresponding 
with 0*264 g. of TII 3 . Eeduction by heating with excess of sodium 
arsenite solution gave 66-0% of Til (TII 3 requires 56*6%). 0-293 G. 
•of the compound gave 0-353 g. of silver iodide, whence I = 65-1% 
(Calc., 65-1%). 

The brown solutions of thallium tri-iodide in alcohol, acetone, 
acetonitrile, and nitrobenzene show the reactions of tervalent 
thallium but only give doubtful indications of the presence of 
thallous ions. Thus, when excess of alkali is added to solutions of 
thallium tri-iodide in methyl alcohol or in acetonitrile, a quantitative 
yield of thallic oxide is produced, e.g,, 0-5355 g. of the iodide in 
acetonitrile gave 0-206 g. of oxide, the calculated yield being 0-209 g. 
On the other hand, when potassium bromide or iodide in aqueous 
acetonitrile is added to a solution of thallium tri-iodide in aceto- 
nitrile, a slight turbidity is produced, which might be attributed to 
the separation of thallous bromide or iodide ; but this disappears 
on the addition of an excess of the alkali halide, and no turbidity 
was observed when methyl alcohol was used as solvent in place of 
acetonitrile. Again, when potassium chromate in aqueous aceto- 
nitrile is added to a solution of thallium tri-iodide in acetonitrile, a 
little thallous chromate separates ; but when methyl alcohol is used 
as a solvent a precipitate of thallic hydroxide is produced. 

When aqueous potassium iodide is added to solutions of thallium 
tri-iodide, the colour becomes paler, and precipitation of thallic 
oxide is impeded. Thus, whilst sodium hydroxide gives a precipitate 
immediately, sodium carbonate does so only after a few moments, 
unless the liquid is heated. Ammonia precipitates thallic oxide, 
but precipitation is prevented if ammonium chloride be first added. 
Since these phenomena appear to be due to the formation of com- 
plex ions, experiments were made on the behaviour of aqueous 
potassium iodide towards thallium tri-iodide dissolved in nitro- 
benzene. It was found that rather less than one molecular pro- 
portion of potassium iodide was taken up by thallium tri-iodide in 
the nitrobenzene solution. 

Reducing agents convert thallium tri-iodide into thallous iodide, 
3m2 
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but 310 conclusions can be drawn regarding the constitution of this 
compound by considering its response to reagents such as sodium 
arsenite and thiosulphate, since other thallic salts are reduced by 
them and both reagents are oxidised by tri-iodide ions. 

Preparation of Derivatwes of Thallium Tri-iodide with Pyridine 
and with Ohloropyridines . — ^Meyer {Z. anorg. Ghem,, 1900, 24, 321) 
prepared addition compounds by adding pyridine to aqueous 
solutions of thallic chloride or bromide ; these compounds are white, 
sparingly soluble subst^hces, which are readily hydrolysed by 
water with separation of thallic oxide. If, however, pyridine be 
added to solutions of thallic chloride containing excess of hydro- 
chloric acid, the product contains thallium and chlorine in the 
ratio of 1 to 4. Addition compounds of thallic iodide with pyridine 
were prepared by Eenz (Ber., 1902, 35, 1110), who described the 
compound THgjOgHgN as a “ dunkel orangerothes krystallinisches 
Pulver” and the compound (Tll 3 ) 2 (C 5 B[ 5 N,HI )3 as a “prachtig 
zinnoberrothes krystallinisches PulTer The percentages of thallium 
in these products were not determined, but those of the oth^ ele- 
ments were in agreement with the formulae assigned. Our own 
observatioias are set out below. 

ia) Pyridinium iodide. When pyridine is added to solutions of 
thallium tri4o<Kde, fine orange-coloured precipitates are formed. 
Darker-coloured compounds were obtained when the base was 
added to solutions prepared by dissolving thallic oxide in aqueous 
hydriodic acid, or to solutions of thallium tri-iodide containing 
excess of iodine in organic solvents, but since the ratio of thallium 
to iodine varied from 1/S to 1 /6, it is very doubtful if any of these 
preparations was pure. One specimen, which separated from 
acetone in fine, dark red crystals, gave, however, a ratio T1 : 1 = 1 : 4 
exactly, with two molecular proportions of pyridine to each atom of 
thallium, and therefore appeared to be a definite chemical compound, 

(i) The compound was reduced with sodium arsenite, the resulting 
thaious iodide collected and weighed (Til = 40*2%), and the 
filtrate analysed by Volhard’s method (43*6% of additional iodine), 
*.e., Tl = 24-8%, I=s59*0%; the pyridine is therefore 16*2% 
{by difference) . (ii) The compound was reduced by sodium arsenite, 
the resulting thallous iodide being determined by direct titration 
With potassium iodate (Found: Til, 39-3%; t.e., T1 == 24-2%). 
(iii) By gravimetric analysis, I == 58*0% [(C 5 H 5 N) 2 HTn 4 requires 
TI,23*4; 1, 584; 18*2%]. 

(5) Pyridine. By grinding pure thallium tri-iodide with a 
considerable excess of pyridine, a compound having the composition 
readily prepared. After filtration from a small 
insoluble residue, the liquid was largely diluted with water; the 
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orange-coloured precipitate was collected, and dried over sodar-lime 
in a desiccator. Two such preparations were analysed (i) by titration 
with potassium iodate directly, and (ii) by titration with potassium 
iodate of the thallous iodide obtained by reduction with sodium 
arsenite [Found: Til, 43*8, 44*1; I (extra), 33-8, 34-5; C5H5N 
(by diff.), 22-4, 21*4; I (total, as Agl), 60*7. Tll3(C5H5lT)2 requires 
Til, 44-5; I (extra), 34-2; C5H5N,21-3; I (total), 51-3%]. 

This addition compound dissolves readily in many organic 
solvents, forming coloured solutions ; but whilst iodine is violet in 
chloroform or benzene, and brown in alcohol or acetone, solutions of 
the compound of thallium tri-iodide and pyridine have the same 
golden-yellow colour in methyl and ethyl alcohol, acetone, glacial 
acetic acid, benzene, nitrobenzene, or nitromethane. Moreover, 
when pyridine is added to a solution of thallium tri-iodide in aceto- 
nitrile, the dark brown colour is changed to a pale golden-yellow. 
The chemical reactions of the tri-iodide do not, however, appear 
to be modified by the presence of pjaidine. 

(c) Dichloropyridine. A compound was prepared by boiling 
thallium tri-iodide (3 g.) and dichloropyridine (4 g.) with methyl 
alcohol for 2 hours under reflux. The dark brown liquid w^as 
decanted from some undissolved thallium tri-iodide, and the com- 
pound was precipitated by dilution with water. The golden-yeUow, 
crystalline solid was collected and dried by exposure over sodar-lime 
in a desiccator. Analysis of two samples gave TII, 26-0, 25-1; 
I (extra), 19-6, 19-8;‘05H3N0l2 (by diff.), 55-4, 65^1. Tn3(05H3NCl2)5 
requires Til, 25-0; I (extra), 19-2; CgHglSrClg, 55-8%. 

{d) TricMoropyridine. When this was boiled with thallium tri- 
iodide in methyl-alcoholic solution, a compound was isolated as before 
[Found : TUg, 37-8. Tll3(C5H2NCl3)5 requires TII3, 39-1%]. 

(e) TetraMoropyridine combines only slowly with thallium 
tri-iodide. On addition of excess of water to the alcoholic solution, 
a yellow precipitate separates, but it soon decomposes with separ- 
ation of thallous iodide and free iodine. The successiveTeplacement 
of hydrogen by chlorine in the pyridine nucleus appears to diminish 
the basic properties to such an extent as to prevent the formation of 
stable additive compounds. 

(/) PentacTdoropyridim did not give an addition compound with 
thallium tri-iodide. 

Absorption Spectra. 

The extinction coefficients were determined in absolute methyl 
alcohol (free from acetone) by methods which have already been 
described. The iodide was dissolved directly in the solvent by 
vigorous stirring, but the chloride and bromide, which are very 
hygroscopic, were extracted with methyl alcohol from the yellow 
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double salts, TlGl^,STlCl and TlBr 3 ,TlBr (Berry, Proc. Oamb. Phil 
8oc,, 1924, 22, 363), and the thallium content was determined by 
analysis. The complex salt, KTII^, was prepared in blackish- 
brown crystals by refluxing thallium tri-iodide and potassium iodide 
with alcohol and allowing the solution to evaporate in a desiccator 
containing calcium chloride ; the alcohol-wet crystals were dissolved 
in method alcohol and the thaUiiun content of the solution was 


Fig. 1. 



Fig. 2. 



Xi 

MoUcular extinction coefficieM Molecular extinction coefficients 
of TiClj, TIBfj, and Tllj in of pyridim compoutids in methyl 
tnethyl akdhclM alcohol. 


determined by analysis. The extinction coefficients have been 
plotted in Figs. 1, 2, and 3, and the most important data are 
summarised in Table I. 

Table I, 

Coefficients of Tervaient Compounds of Thallium, 


Formula. Logarithm of extinction coeBicient. 


TICl, 

1-0 at 3240 

3-0 at 2740 



TKl.lCsHsN)* 

1*0 at 3200 

3-0 at 2780 





Maxima. 


l 8 tep-out. 

TlBr, 

3-S5 at 2670 




Til, 

3-9 

at 4000 

4-35 at 2600 



111 .+ 1 , 

4*0 

at 4000 

4*45 at 2550 

4-2 

at 2900 to 2700 

Til, + KI 

3-9 

at 4000 

Not observed 

4-0 

at 2950 to 2750 

KTO4 

4-0 

at 4020 

4-45 at 2560 

4-05 at 3000 to 3800 

CsHjN 



3-65 at 2590 



C 5 H 3 XCU 



3-55 at 2710 



C^H^XCk 



3-40 at 2760 



TU, H- (CsHsN), . 

3-9 

at 4010 

4-4 at 2600 




3-9 

at 4000 

4-4 at 2630 



ra3,(CANa3)3 . 

3-8 

at 4000 

4-4 at 2630 



HTH„(CsH 5 ir)s . 

4-0 

at 4030 

4-45 at 2580 

4*0 

at 3000 to 2750 
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The absorption spectra of Tldg, TlBrg, and TII 3 may be compared 
either with those of CHCI3, CHBr 3 , and CHI 3 (J., 1926, 622) or with 
those of KCl, KBpg, and KI 3 (Zoc. ciL). In each series the chloride 
shows only a general absorption in the far ultra-violet region, 
whilst the bromides show at least the close proximity of an absorption 
band ; the iodides, on the other hand, give two absorption bands, 
one in the more distant part of the ultra-violet spectrum, and the 
other with its foot extending into the visible spectrum and giving 
rise to visible colour. This produces a contrast between the black 
tri-iodide and the colourless trichloride which is sufficient to prove 
that the thallic salts are not mere aggregates of thallium and halogen 
ions, as the corresponding thallous salts appear to be. On the other 
hand, the fact that the two maxima in TIT 3 are separated by 1400 

A.U., whereas the maxima given by KI 3 and by C 8 H 4 Br*N]Vre 3 l 3 
(unpublished measurements) are only separated by 650 and 720 
A.U., respectively, is incompatible with the view that the absorption 
is caused by a tri-iodide ion. The absorption curves also show that, 
whereas the tri-iodide ion produces a “ general absorption beyond 
the twin maxima, the molecular extinction coefficients of thaUium 
tri-iodide decrease progressively at wave-lengths less than those of 
the two maxima. We therefore conclude that the iodine atoms are 
not present as a tri-iodide ion, but are joined, at least in part, by 
covalent bonds directly to the metal. This conclusion is obviously 
compatible with the view that, since the tri-iodide does not differ 
from the double salts TyCTlCl^), TycnBr^), and TP(TlBr 4 ) in the 
same pronounced way as from the simple chloride and bromide, the 
solid iodide may perhaps be a double salt, Tl™(TlIe), of the cryolite 
type ; but the data now recorded do not enable us to test the validity 
of this very plausible view. 

A study of the absorption spectra provides a similar solution to 
the similar problem presented by the tribromide. Since it gives an 
ultra-violet absorption band (log e = 3-85 at 2670 A.U.) which is 
not given either by thallic chloride or by potassium bromide, we can 
again conclude that the salt is not a mere aggregate of thallium and 
halogen ions ; on the other hand, the bromine cannot be present as 
a perbromide ion, since the details of the absorption spectra differ 
very widely, in spite of a superficial resemblance between the 
maxima set out below : 

KBrs Maximum at log € = 3*5 at 2700 A.U. in water. 

C«H 4 Br-NMe 3 Br 3 „ at log e = 3*4 at 2600 A.U. in alcohol. 

TlBrs „ at log c = 3-85 at 2670 A.U. in methyl alcohol. 

Thus the two perbromides give a narrow absorption band at 2600 — 



1764 


BEKBY ATO LOWEY : STUDIES OF VALENCY. 


2700 A. XJ., but this is preceded by a well-marked step-out, which only 
just fails to reach a masimum, log s = 1-8 at X = 3800, just beyond 
the visible region of the spectrum. Thallium tribromide, on the 
other hand, gives a broad unsymmetrical maximum at 2670 A.U., 
but with no sign of a step-out at 3800 A.U., since the solutions 
are highly transparent in the part of the spectrum where the two 
perbromides only just fail to give an absorption band. The data 


3 . 



MoUmlar ^inction coefficients of potassium tJiallie iodide^ etc* 

for an aqueous solution of thallium tribromide, which are reproduced 
in Fig. 3, are almost identical with those for the solution in methyl 
c^cohol in Fig. 1, but show a step-out in place of the shallow 
maximum. 

In the ease of the trichloride no similar question arises, since the 
trichloride ion appears to be still unimown; and the “general 
absorption ” of the salt is in complete agreement with this con- 
clusion. 

In addition to the simple salts, an equimolecular mixture of 
thaBium tri-iodide and iodine was examined, in order to ascertain 
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whether one of the atoms of iodine could be converted into a tri- 
iodide ion; but the mixture gave only an additive absorption, 
including the two maxima of thallium tri-iodide and a step-out at 
2900 A.U. A similar step-out is found in the spectrum of the complex 
salt KTII 4 , solutions of which were prepared both by dissolving the 
black crystals of the salt and by mixing potassium and thallic 
iodides. Since potassium tri-iodide gives a band at 2900 A.U., 
this step-out might be attributed to a reversible formation of 
potassium tri-iodide, according to the equation 

KE + TII 3 KTII 4 ^ KI 3 + Til; 

but this would not be in harmony with the conclusions of Maitland 
and Abegg as to the stability of the [TIIJ- ion. 

The addition compounds of thallium tri-iodide with pyridine 
and with the chloropyridines have lost the black colour of the 
tri-iodide, and show instead various shades of orange-red; the 
pyridinium compound, (C 5 H 5 N) 2 HTll 4 , is also bright red. These 
changed of colour are due to alterations in the foot of an absorption 
band on the edge of the visible region, the width of which is greatly 
reduced when the tri-iodide is combined with pyridine, but they 
are not accompanied by any marked changes in the ultra-violet 
absorption of the salt. 

Molecular Conductivities, 

The conductivities of the trihalides were measured by methods 
that have already been described. Since thallium tri-iodide is 
insoluble in water, the solvents used were methyl alcohol and 
acetonitrile. The methyl alcohol was refluxed for 3 hours wdth 
sodium hydroxide, fractionated, and then treated with a mercuiy- 
aluminium couple until no further action took place. Basic im- 
purities, such as methylamine, were eliminated by distillation from 
succinic acid, after which the product was dried again with a fresh 
mercury-aluminium couple; the alcohol was then dry enough to 
permit of the use of phosphoric oxide for further desiccation. The 
acetonitrile, from Messrs. British Drug Houses, had an initial 
conductivity of 35 gemmho. It was allowed to stand over solid 
potassium hydroxide for several hours to remove acetic acid and 
moisture, and was then dried with calcium chloride, distiQed, 
shaken with a little phosphoric oxide for several hours, and left in 
contact with it over-night. After a final distillation the specific 
conductivity of the liquid had fallen to 1-9 gemmho. 

Thallic chloride and bromide were extracted from the double 
salts, TlCSlgjSTlCl and TlBr 3 ,TlBr or TlBigjSTlBr, by prolonged 
contact with the solvent, and were separated from the thallous 
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halides by filtration. Since the thallous halides dissolve to an 
appreciable extent in acetonitrile in the presence of the thallic halides^ 
a definite source of error remains, even when the conductivities of 
the saturated solutions of the two thallous salts (6-037 gemmho for 
the chloride and 9-781 gemmho for the bromide) are deducted from 
the values obtained for the corresponding thallic salts. This source 
of error becomes inappreciable, however, when methyl alcohol is 
used as the solvent, and is absent in the case of the iodide, which was 
weighed out and dissolved directly in the solvent. 

Table II. 

(i) Molecular Conductivities ofThallmm Salts in Acetonitrile at 25*^. 
(a) Thallium trichloride (filtered from thallous chloride). 


V = 56 112 224 448 896 1792 3584 

129 139 148 154 161 161 169 

(6) Thallium tribromide (filtered from thallous bromide). 


V = 5 11 

22 

43 

86 

171 

343 

686 

1371 

= 80 89 

98 

106 

113 

120 

125 

129 

134 

(c) Thallium tri-iodide. 








V = 128 256 

512 

1024 

2048 

4096 




A«" := 79 85 

91 

99 

109 

116 




(d) Teiraethylammonium iodide (Walden). 





V = 100 200 

500 

800 

1000 

2000 

4000 

8000 

00 

A*»" = 142 163 

173 

175 

180 

184 

186 

189 

200 


(ii) Molecular Oonductivities of Thallium Salts in Methyl Alcohol at 25°, 
(a) Thallium trichloride (filtered from thallous chloride). 


i 

o 

II 

404 

808 

1616 

A**’ « 28 30 

31 

33 

36 

{b) Thallium tri-iodide. 

V = 128 256 

572 

1024 

2048 

A«* = 17 20 

24 

29 

39 

(c) Dimethylth^onium iodide. 
V = 141 266 512 

1024 

2048 

= 62 69-7 

78 

86 

90-5 


(d) Potassium iodide (Frazer and Hartley), 
o = 721 1243 1724 23^ 3997 oo 

= lOS^ie ior'45 108-57 109-44 110-73 114-85 

The molecular conductivities of the trihalides are shown in 
Table. II, where some other typical data are included for comparison ; 
but the only results from which quantitative conclusions can be 
drawn are for the trichloride in methyl alcohol and for the tri- 
iodide in methyl alcohol and in acetonitrile. The conductivities in 
acetonitrile are several times greater than those of lithium chloride, 
and rather more than half as great as those of sodium or potassium 
iodide ; but it is clear that the salts are behaving only as binary 
electrolytes, and that their electrolytic dissociation does not extend 
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beyond the first halogen TlXg^^TlXg'*’ + X". A similar statement 
can be made in reference to the solutions in methyl alcohol, where 
the conductivities of the two thallium salts at a dilution of N {2000 
are still only about one-third as great as those of potassium iodide. 
The conductivity data are therefore in agreement mth the absorption 
spectra in indicating that, even in dilute alcoholic solutions, a part of 
the halogen is still attached to the metal. Moreover, since the curves 
obtained by plotting A against VcJ as in Fig. 4, deviate very widely 
from the linear relation given by potassium iodide in methyl alcohol, 
and the inflected line for tetraethylammonium iodide in acetonitrile, 
it is clear that, even when the salts are regarded only as binary 


Fig. 4. 



vs: 

Molecular conductivities of thaUium salts in acetonitrile and in methyl alcohol. 

electrolytes, their electrolytic dissociation is very much below that 
required for complete ionisation according to the formulae of Debye 
and Hiickel. 


(b) Alkyl Derivatives [with F. L. Gilbert], 

Although thallium forms many tervalent salts, the only alkyl 
derivatives that have been prepared up to the present are of the 
type TlMegl; moreover, these ialkyl halides cannot be condensed 
by the action of metallic sodium to molecules of the type MegTl^TlMeg, 
comparable with the (bimolecular) leadtrixylyl, (C 8 H 9 ) 3 Pb‘Pb(C 8 H 9 } 3 , 
prepared by Krause and Smitz (jBer., 1919, 52, 2165). Since no 
convincing explanation has yet been given of the non-formation of 
tri-alkyl compounds of the type TIMeg,. it appeared desirable to 
investigate the dialkyl derivatives, in order to find out whether their 
ionisation is complete,’’ as in the case of the quaternary ammonium 
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bases and salts, or ^vhether it is reversible and incomplete as in 
the case of ammonium hydroxide and mercuric chloride. 

Dimethylthallonium iodide was prepared by the action of the 
Grignard reagent on the ether-soluble pj^ridine compound of thallic 
bromide, and the product was compared with a specimen generously 
placed at our disposal by Dr. Goddard, which had been prepared by 
a modification of the method of Meyer and Bertheim (Ber,, 1904, 37, 
2051). Our material had a salmon-pink tint, whilst Dr. Goddard’s 
was tinted yellow, but in each case the colour was removed when 
the solutions were filtered; both specimens decomposed at 276®, 
although the decomposition point recorded by Goddard (J., 1921, 
119 , 674) was 296®. We are also indebted to Dr. Goddard for 
preparations of the diethyl iodide, the dipropyl bromide and iodide, 
and the dibutyl bromide. These sparingly soluble salts were washed 
with water before being converted into the freely soluble bases, and 
in some cases the salts were recovered in a purified form by neutralis- 
ing the base with a halogen acid. 

The experimental work included measurements of the molecular 
conductivity of aqueous solutions of several of the dialkyl halides, 
and of the bases from which they were derived, but comparative 
observations were also made of the conductivity of thallium tri- 
bromide in water. Potentiometric observations were made of the 
neutralisation of the dimethyl base with .N’-sulphuric acid and of the 
dipropyl base with Jf-hydrochloric acid; a comparative series of 
potentiometric measurements was also made of the neutralisation of 
thaHous hydroxide with iT-sulphuric acid. Finally, the molecular 
extinction coefficients of dimethylthallonium chloride and iodide 
were measured in aqueous and methyl-alcoholic solutions, as well 
as those of aqueous thallic bromide, which had been examined 
previously in methyl alcohol. 

Molecular Conductivities. 

(a) Dialkyl Salts . — ^The molecular conductivities of aqueous 
solutions of dimethylthallonium chloride and iodide are set out in 
Table ni (i), with Shukoff’s data for the diethyl chloride (JBer., 
1906, 38, 2691), and our own data for the dipropyl bromide (decom- 
poses without fusion at 240®), and for a specimen of the dibutyl 
chloride (decomposes without fusion at 160®), which we prepared 
through the free base from Dr. Goddard’s specimen of the bromide ; 
the molecular conductivities have also been plotted in Fig. 6 against 
the square root of the concentration. Ostwald’s data for thaHous 
chloride, which give an exactly linear relation between A and 
were taken as a criterion of the behaviour of a binary salt which is 
ionised completely even in the solid state. It is then immediately 
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obvious that the molecular conductivity of the chloride, TeMe2Cl, 
falls very far short of the standard for complete ionisation, although 
there is no clear evidence of hydrolysis, since the curve could be 
extrapolated quite easily to the value of given by the data for 
thallous chloride.* On the other hand, the molecular conductivity 
of the iodide, TlMogl, rises so rapidly in dilute solutions that we are 
obliged to postulate an extensive hydrolysis of the salt, since extra- 
polation to zero concentration would give a value far in excess of the 



molecular conductivity of a binary electrolyte. Shukoff’s data for 
diethylthallonium chloride, which were carried to much higher 
concentrations, show just the same phenomena of incomplete 
electrolytic dissociation in strong solutions and hydrolysis in weak 
solutions. The curve for the diethyl chloride is followed fairly 
closely by our own curve for the dibutyl chloride; the dipropyl 
bromide, on the other hand, appears to be even less completely 
dissociated, and more extensively hydrolysed, than the dibutyl 


♦ The ctirve for the dimethyl chloride intersects the curves for other diallsy 1 
halides, hut its accuracy was confirmed by a duplicate series of measurements. 



1760 


BERRY AND LOWRY : STUDIES OR VALENCY. 


chloride, to which it is related in much the same way as the chloride 
and iodide of the dimethyl base. 

(6) Thallic Chloride and Bromide . — Evidence of hydrolysis was 
also obtained on measuring the molecular conductivities of aqueous 
solutions of thallium tribromide. A solution was prepared by 
extracting the yellow tetrabromide, Tl[TlBr 4 ], with water, and its 
concentration was estimated by gravimetric analysis. Since the 
thallous salt is insoluble in water, even in the presence of the thallic 
salt, the correction which was required for solutions in acetonitrile 
(p. 1756) is no longer needed. The results of the measurements are 
included in Table III (i), together with Meyer’s data for the chloride 
(Z. anorg. Chem.^ 1900, 24, 341). Over the range from 19*4 to 1240 
litres, the conductivities are independent of time, but are lower than 
those of a typical binary salt. At a dilution of 2480 litres, however, 
the increment of conductivity on doubling the volume, which had 
been growing progressively throughout, rose to nearly 50% in the 
freshly diluted solution, and a further increase of nearly 50% 
occurred when the solution was kept for an hour. This behaviour 
shows again that a part of the conductivity is due to hydrolysis, 
exactly as Meyer had postulated in the case of the chloride. The 
phenomena of incomplete electrolytic dissociation in concentrated 
solutions and extensive hydrolysis in dilute solutions are, indeed, 
even more strongly markedin thallic bromide (where the curve plotted 
in Fig. 5 turns suddenly vertical at 0-02) than in the alkylated 
salts. The curve for thallic chloride is of a similar type, but it is 
difficult to say whether the higher conductivity of the solutions is 
due to a higher degree of ionisation of the salt or merely to a more 
extensive hydrolysis. 

It is perhaps desirable to add that the evidence cited by Meyer 
{Z, anorg. Chem.^ 1900, 24, 321 ; 1902, 32, 72) to show that only 
two-thirds of the chlorine in thallic chloride is precipitated by silver 
nitrate has not been confirmed (Cushman, Amer. Chem. J-, 1901, 26, 
605} and cannot therefore be used as a proof that only a part of the 
hal<^en is ionisable. In our experience, there is a perceptible 
weakening of the opalescence when a very dilute solution of thallic 
chloride is mixed with silver nitrate and thallic nitrate is then added ; 
but on keeping for some time the opalescence returns to its original 
strengtlu We also find that, just as in the case of ferric oxide, hydro- 
chloric acid is a much better solvent for thallic hydroxide than 
is nitric acid, which only dissolves the oxide very dowly (Willm, 
Ann. CMm. Phya.y 1865, [4], 149, 76). For this experiment, equal 
quantities of thallic hydroxide were precipitated from 1 g. each of 
the pyndine compound of thallic bromide ; the precipitate was only 
partially dissolved even when heated with 50 c.c. of A^-nitric acid, 
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but it was dissolved at once in the cold by only 5 c.c. of J/'-hydiochlorio 
acid ; and, when a brown cloud had been produced by diluting to 
2000 c.c. and adding 1 c.c. of ^-sodium carbonate, the liquid was 
rendered clear again by adding onl^^ 2 c.c. of .N'-hydrochloric acid. 
The incomplete ionisation of thallium tribromide can, however, be 
demonstrated by a qualitative experiment in the same way as in 
the case of mercuric chloride. For this purpose, a sample of thallic 
oxide, which gave no coloration when digested under identical 
conditions with aqueous phenolphthalein, was heated in a test-tube 
in a water-bath with aqueous potassium bromide and phenol- 
phthalein, whereupon a very decided alkalinity appeared after a short 
time. A similar alkalinity was developed in aqueous potassium 
chloride. This result can be explained by assuming a j&xation of 
bromide ions by the thallium, with a consequent liberation of 
hydroxyl ions as shown in the reversible equation : 

TJ(0H)3 + SKBr ^ TlBrg + 3KOH. 


Table III. 

(i) Molecular Conductivities of ThaUium Salts in Water 
at 26®. 


(a) TlCl 

V 

ss 

128 

256 

512 

GO 





(Kohliausch) 

= 

UO 

143 

145 

149 





0) TlMe,01 

V 

ss 

128 

256 

512 

1024 

2048 

4096 



A«" 

sss 

96 

98 

100 

103 

106 

111 






97 

100 

102 

105 

108 

114 



(c) TIMe*! 


S3 

256 

512 

1024 

2048 

4096 




A«* 

3S 

93 

m 

104 

118 

131 




(d) TlEtaC 

V _ 

SS 

20 

40 

80 

160 

320 

640 

1280 

2360 

(Shukoff) 

A«* 

3S 

84 

93 

100 

m 

112 

120 

131 

149 

(€) TIPr,Br 

V . 

SS 

128 

256 

512 

1024 

2048 

4096 




SS 

70 

76 

80 

89 

106 

136 



(/) TlBUaCl 


SS 


SO 

89 

106 

122 

144 



to) TlOU 

® . 

SS 

2 

4 

8 

16 

32 

64 

128 


(Meyer) 

A*. 

SS 

105 

122 

145 

176 

223 

307 

437 


A"’ 

as; 

144 

178 

207 






A) TIBr, 


ss 

19-4 

38*8 

77-6 

155-2 

310 

620 

1240 

2480 

A«’ 

= 

23 

25 

28 

33 

43 

78 

87 

124 




(Xo change TTith time. 




) 

183(1 hr.) 











210(3hrs.) 

(ii) Molecular Conductivities of Thallium Bases 

in Water 






at 25 

0 





(a) TlOH 

0 . 

sss 

2 

4 

8 

16 

32 

64 

128 

256 

(Oatwald) 

A«* 

ss 

182 

200 

217 

230 

238 

244 

248 

248 

(b) TlMesOH 

V 

ss 

813 

16-33 

; 32-65 

. 65-3 

130-6 

261-2 

522-4 

1045 

(Hein) 

A»* 

ss 

107 

127 

143{?) 

157 

165 

169-5 

167-6 

164-1 

(e) TlEttOH 

V 

ss 

9 

18 

86 

72 

144 

288 

576 

1152 

(Hein) 

A« 


1001 

lies 

131-2 

144-8 

153-1 

154-6 

158-8 

149-8 

(d) TlPkaOH 

V 

SS 

8 

16 

32-1 

64-2 

128-3 

256-6 

513-3 

1026-6 

(Hein) 

ie) TlPtaOH 

A«* 

SS 

98-7 

113-6 

127-1 

139-8 

148-4 

151-6 

150-3 

145-1 

« 

ss 



50 

lOO 

200 

400 

800 

1600 

A«* 

ss 



120 

131 

139 

143 

144 

140 

(f) TIBtIs(OH) 

V 

SB 




89 

178 

356 

712 

1424 

A-s 

» 




126 

137 

141 

138 

181 


(c) Dialkyl Bases . — The evidence that the dialkylthallonium 
halides are extensively hydrolysed in dilute solutions indicates 
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that these salts are derived from relatively weak bases, which are 
ionised only incompletely and reversibly in solution. This con- 
clusion was established by observations of the molecular conduc- 
tivities of the free bases, which are set out in Table III (ii), and 
are plotted against the square root of the concentration in Fig. 5. 
Since data were already available for the dimethyl, diethyl, and 
diphenyl bases (Hein and Meininger, Z. anorg. Chem., 1926, 145, 96), 
we have examined only the dipropyl and dibutyl compounds, which 
we prepared in the usual way by use of silver oxide from -Dr. 
Goddard’s specimens of the halides. As a standard of comparison 
we have taken Ostwald’s data for thahous hydroxide (J. pr. Chem,, 
1886, 33, 352; 1887, 35, 112), since this base shows the typical 
behaviour of a strong electrolyte. Thus, the curve showing the 
relation between A and V^is linear from N/2 to iff‘/128, and only 
begins to droop at a dilution of Nf26Q, owing probably to the 
increasing influence of carbon dioxide in the conductivity water. 
The data of Hein and Meininger, then, show that, whilst the ratio 
A/Ajq is about 85% for thallous hydroxide at = 8, the correspond- 
ing percentages for aqueous solutions of the dimethyl, diethyl, and 
diphenyl bases are 41*8, 42*0, and 42*4 at v = 8*02, 9*0, and 8*13, 
respectively. These ratios can no longer be used as a direct measure 
of the ionisation of the base, but, since the conductivities of the 
dialkyl bases at 2 ? = 8 are only about half as great as those of 
thallous hydroxide, the coefficient of ionisation of these bases 
cannot be greater than about 60%, This conclusion is confirmed 
by the data for the dipropyl and dibutyl bases, where the conduc- 
tivities are even lower in the linear portion of the curves, whilst the 
drooping of the curves at dilutions beyond N /128 corresponds closely 
with that of the curves plotted from the data of Hein and Meininger. 

Elecirometric Titrations. 

A preliminary titration of a jaT/lO-solution of dimethylthaHonium 
hydroxide against JS7-hydrochloric acid with a hydrogen electrode 
confirmed the conclusion that the hydroxide could not be classed 
with the alkalis as a “ strong ” base ; but it did not provide a trust- 
worthy measiue of the strength of the base. A direct comparison 
was therefore made between AT/iO-thallous hydroxide and N[16- 
dimethylthaHonium hydroxide with the help of a glass electrode, 
which had been in constant use for some months, and gave an 
EJI.F. of 54 millivolts per unit of The bases were titrated with 
A’-sulphuric acid, in order to avoid the precipitation of the sparingly 
soluble dimethylthaUonium chloride, which had been observed in 
the preliminary experiment; a saturated solution of potassium 
sulphate was used as a jimction liquid to the calomel electrode. The 
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resulting curves are shown in Fig. 6, together with a curve deduced 
from the readings of a hydrogen electrode immersed in the same 
solution. These curves show that, whilst thallous hydroside be- 
haves as an alkali, the dimethyl base is of a lower order of strength 
(— log Kh = 3), and is presumably ionised only incompletely and 
reversibly. The accuracy of the data was confirmed by the fact 
that a titration with a glass electrode of the dipropyl base at a con- 



0 2 4 6 8 10 12 14 

pH* 


Fotmtiotmtric titration of bases. 

Full lines = glass electrode, 

Broheth line = hydrogen electrode, 

centration of Njli^Z gave a curve which followed that for the di- 
methyl base, with a steady deviation of about 0*2 unit on the side 
corresponding with the curves for weak bases. 

Absorptmi Spectra. 

All the dialkylthallonium halides that we have studied are colour- 
less salts, but the absorption spectra of the dimethyl chloride and 
iodide were examined in order to ascertain if there was any charac- 
teristic absorption in the ultra-violet. The molecular extinction 
coef&cients in water and in methyl alcohol are plotted in Fig. 3. The 
contrast between the two salts appeared at first to support the view, 
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which we had deduced from the conductivity data, that the dialkyl 
halides are ionised only reversibly in solution; but, when the solu- 
tions of the iodide were photographed against equivalent solutions 
of potassium iodide, the extinction coefficients were found to be 
practically identical with those of the chloride, and are therefore 
an additive function of the absorption of the two ions. The ratio 
A/Aoo at N 1100 is about 50% in methyl alcohol and may be esti- 
mated at 65% in water (where cannot be determined directly, 
on account of hydrolysis) ; the proportion of undissociated salt in 
the NJ50 solutions used for the measurements of absorption was 
probably at least one-half in methyl alcohol and one-third in water. 
The additive relation cannot therefore be explained away by the 
electrolytic dissociation of the salt in the dilute solutions used for 
the spectroscopic measurements, but must be admitted to hold 
good also for the undissociated molecules of the salt. On the 
other hand, in view of the regularity with which covalent iodides, 
including even methyl iodide itself, give rise to very strong absorp- 
tion bands in the ultra-violet region, it seems unlikely that the 
selective absorption of thallium tri-iodide would disappear com- 
pletely in dimethylthaUonium iodide, if the iodine in the latter 
compound were linked to the halogen by a real bond. We can 
therefore only conclude that, in this case, the spectroscopic data 
are in closer accord with Fajans’s theory of aggregates of deformable 
ions as a cause of incomplete electrolytic dissociation, than with the 
view that a low conductivity always implies the formation of 
covalent molecules. 


General Conolusions, 

Tie chemistry of thallium presents certain peculiarities which 
await an explanation in terms of the electronic theory of valency. 
Thus, it is remarkable that fh(dliuw>y although a third-group metal, 
forms a series of very stable univalent thallous salts, whilst gold, 
which n^ht be expected (like silver) to be most stable in the form 
of a univalent kation, gives rise generally to tervalent auric salts. 
Again, the alkyl derivatives, instead of being of the types AuEt and 
TIEtg, interleaving with HgEt 2 PbEt^, are of the types AuEtBr^, 
AuEt^Br (Pope and Gibson, J., 1907, 91, 2061) and TlMcgl (Meyer 
and Bertheim, loc, cit,). These apparent anomalies, however, find 
a simple interpretation in the following observations, (i) The ele- 
ments Au, Hg, Tl, Pb have escaped from the domination of the 
octet rule, but are still subject to the duplet rule (compare Trans, 
Faraday Soc., 1928, 24, 31); any even-numbered aggregate of 
electrons, from 78 up to 86, can therefore form a stable system. As 
in the case of the acids {ibid,, p. 1 ), this dominance by the duplet rule 
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is very favourable to reversible ionisation, (ii) As has long been recog- 
nised, metallic mercury, with its low boiling point and monatomic 
vapour, possesses some of the characteristics of an inert gas, although, 
as Sidgwick has pointed out (“ Electronic Theory of Valency,” p. 
179), it contains two electrons more than are required to complete 
the outer shell of 18 0-electrons ; it therefore provides, with niton, 
an electronic configuration of maximum stability, which the inter- 
mediate elements tend to take up in their various compounds, 
(iii) Mercury and thallium are related to one another in the same 
way as carbon and nitrogen, so that a molecule in one series becomes 

+ 

an ion in the other, as in the well-established case of CII4 and NH4. 
The significance of these considerations can be seen from the follow- 
ing table. 


Nmnber of 


electrons. 

78 

80 

82 

84 


{a) Gold. 

Au+ 

Aua 

AuCa, 

AuCh" 


(b) Mercury. 


Hg 

HgPh, 

Hgca. 

HgjCl. 

HgCV 

HgT4 

(c) Thallium. 

T1+++ 

J1+ 

TlPhj+ 

TlBr,+ 

TlBrj 

TlMcg* 

TlMea< 

TlCla"*' 

TlBrJ 

(d) Lead. 

Pb+ 


PbEts+'^ 

PbBts+ 

PbEt4 


(i) 80 Electrons. The univalent thallous ion, with 80 electrons 
round the nucleus, as in the atom of elementary mercury, retains 
its charge just like the ion of an alkali metal, e.g., in concentrated 
solutions of thallous salts and of thallous hydroxide, and even in 
crystals of thallous chloride and bromide, which are built on the 
same face-centred cubic lattice as caesium chloride. The hydrolysis 
of dilute solutions of thallous fluoride (Kohlrausch and Steinwehr, 
8itz. Preuas. Ahad. Wias. Berlin^ 1902, 26, 681) and of thallous 
oxalate (Abegg and Spencer, Z, anorg. Ghem., 1905, 46, 406) has 
been cited as evidence of the weakness of the base, but, smee the 
conductivity of thallous hydroxide is equal to that of the alkalis, 
and no hydrolysis has been detected in thaUous chloride, nitrate, 
etc., we may suppose that it is the weakness of the acid rather than 
of the base which is responsible for the hydrolysis. There is there- 
fore no evidence that the 80 electrons of the ion are converted into 
the system of 82 electrons which would be present in the covalent 
molecule^ TlOH, of a reversibly-ionised base. 

(ii) 81 Electrons. A more serious reflexion on the stability of 
the thallous ion is found in Erucker’s suggestion {Z. EleUrochem.^ 
1922, 28, 463) that univalent thallium forms diatomic kations, like 
mercury, but by a reversible process, 2Tl+^=^Tl2‘^'*'. In the case 
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of mercuryj the formation of a diatomic kation makes it possible to 
formulate the mercurous ion with 80 electrons round each nucleus, 
just as in the monatomic vapour, and thus to maintain the duplet 
rule ; in the case of thallium, however, this process would increase 
the number of electrons round each nucleus from 80 to 81, and thus 
provide an esception to the duplet rule. This hypothesis was 
introduced as a device to interpret the freezing points, transport 
numbers, and conductmties of thallous nitrate over the range 
0*04 — Q^liN (as well as certain data for thallous sulphate) on the 
basis of Ostwald’s dilution formula, and without using the theory of 
strong electrolytes. It leads to a ratio Tlg+^/Tl-*- = 1/7 at NjlO, 
but is not supported by any independent evidence, and can be ruled 
out on the ground that, whilst the presence of pairs of mercury 
atoms can be inferred from the X-ray analysis of crystalline calomel, 
the same type of evidence shows equally clearly that the atoms of 
thallium in the thallous halides are present exclusively as single 
atoms or univalent ions. 

(iii) 82 ajid 84 Electrons. The univalent dialkyl ions of the type 
Tlile. 2 ,+ correspond to the covalent molecules, HgPh 2 and HgClg, 
of the mercury series, with 82 electrons round the nucleus. In 
marked contrast to the univalent thallous salts, the dialkyl halides 
do not obey the formulae for strong electrolytes; the bases from 
which they are derived are also considerably weaker than thallous 
hydroxide, and can no longer be classed with the alkalis as examples 
of ** complete ionisation.” There can therefore be little doubt that 
the dialkyl halides, and the bases from which they are derived, as 
well as the corresponding trihaMes and their bases, are capable of 
yielding non-conducting molecules, such as TlMegl, TlMcgOH, and 
TlBrg, which are of the same order of stability as their univalent 
ions. The spectroscopic evidence, however, indicates that the non- 
conducting forms of these salts may be ionic doublets, rather than 
covalent molecules. The existence of systems in which the thaUium 
nucleus is surromided by 84 electrons in molecules such as TIMegBr 
and TlBrg is therefore less well-established than in the case of the 
mercury, where it is unlikely that the three halogens in the ion 
HgBrg- are related unequally to the metal. The doubt which thus 
arises as to the real existence of the 84-electron system, with" only 2 
electrons less than the next inert gas, may furnish a clue to the 
reason why it has not been foimd possible to prepare the trialkyl 
derivatives of thallium, since these could not be expected to exist 

in a form corresponding with the ionised molecules of TlMegl, and 
could therefore only be produced if the 84-electron system were 
stable. 
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(iv) 86 Electrons, The complex mercuiy salts of the type 

NH4 f-[HgBr3]- sometimes assume the more stable coufiguratiou of 
niton by combining with a molecule of water ; but they do this even 
more readily by taking up a second molecule of the alkali halide as 
in K2H8^4» ^ of thallium, a similar tendency is seen 

in the conversion of the deliquescent crystals of thallic chloride and 
bromide into beautifully crystalline and sparingly soluble salts of the 
type Tl+[TlBrJ~ where the atom of thallium inside the bracket 
has at last assumed the niton configuration which we find also in 
PbCl4 and in PbEt^. Another example of the niton configuration is 
found in the double thallous salt 2AgCl,TlCl, which crystallises from 
a molten mixture of the silver and thallous chlorides, and to which 
the structure Ag.2++[T1C13] — may be assigned. In complex anions 
of the type Tl3[TlCl3], however, the outer 8-eleetron shell of the 
inert gas is replaced by a 12-eleetron shell, just as in the 6-co- 
ordination corapoimds of cobalt and platinum. 

(v) 7 8 Electrons, The formation of the 7S-electron group in Au+ , 
Hg++, T1+++, and Pb+++'** involves the removal of two electrons 
from the stable mercury configuration. This becomes progressively 
more difl&cult as the charge on the ion increases, so that we cannot, 
be sure whether the relatively high conductivity of aqueous solu- 
tions of thallie chloride is due to the ability of the salt to behave as 
a quaternary electrolyte or merely to hydrolysis ; on the other hand, 
the low conductivity of the salt in non-aqueous solutions shows that, 
under less favourable conditions, it behaves only as a binary elec- 
trolyte, T10l3::^TlCla+01 (compare TIMe2l:^TeMe2 + I). The 
existence of thallic ions in infinitesimal quantities can, however, be 
inferred from potentiometric measurements. 

8%mmary and Conclusions, 

{a) Thallium tri-iodide has been examineddn order to determine 
whether it should be regarded as thallic iodide, or as a thallous 
polyiodide. Solutions in methyl alcohol and acetonitrile form 
addition compounds with pyridine and chloropyridines, and com- 
plex ions with potassium iodide, and exhibit the general reactions of 
a thallic salt, but the reactions of thallous ions could not be detected 
with certainty. 

(6) The absorption spectrum of the tri-iodide in methyl alcohol 
shows two maxima, but these are separated by 1400 A.U., whereas 
those of potassium tri-iodide are separated only by 650 A.U. The 
spectrum is therefore not that of a tri-iodide ion, nor can the com- 
pound be a simple aggr^ate of tervalent thallium and univalent 
iodide ions, since these ions are colourless and do not give rise to 
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any absorption bands. The iodide is therefore regarded as a ter- 
ralent componnd, in which a part at least of the halogen is linked 
directly to the metal. 

(c) The molecular conductivities of the thallium trihalides in 
methyl alcohol and in acetonitrile are less than those of potassium 
iodide; the salts therefore behave only as binary electrolytes, iu 
which some of the halogen is linked to the metal, even in the most 
dilute alcoholic solutions. 

(d) Dimethylthallonium iodide is hydrolysed in dilute aqueous 
solutions and is derived from a base which is much weaker than 
thallous hydroxide. The molecular conductivity of thallic bromide 
is less than that of a binary electrolyte, except in dilute aqueous 
solutions where it is hydrolysed progressively. 

(c) The properties of thallium are discussed on the basis of the 
hypothesis that mercury and thallium are related to one another in 
the same way as carbon and nitrogen. 

The authors desire to express their gratitude to Mr. Heycock for 
his interest in the work, to Dr. Dootson for presenting them with 
specimens of chloro-derivatives of pyridine, and to Dr. Goddard for 
specimens of the dialkylthallonium halides. 
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CCXXVI . — The Influence of Constitution on the Stability 
of Bacemates. 

By Alexandee Findlay and Alan Newton Campbell. 

Although a large niunber of determinations of the freezing-point 
curves of optically active substances have been carried out, little 
is known with regard to the range of stability of racemates and the 
influence of composition or constitution on the transition point. 
For the purpose of obtaining information on this matter, the 
solubility relations of a series of related optically active esters have 
been determined at temperatures between 0° and 40°. The freezing- 
point curves of the esters were also determined where these were 
not already known. 

For the purpose of our investigation the following substances were 
employed : tartaric acid, the methyl esters of tartaric acid and of 
diacetyl-, dipropionyl-, and dibenzoyl-tartaric acids, and the 
ethyl esters of diacetyl- and dibenzoyl-tartaric acids. 

The solvent, where not otherwise stated, was an aqueous alcohol 
containing 93-8% of alcohol by weight; d}?: = 0*8128. The 
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solubilities were determined with the active form, with the racemic 
form, and with a mixture of the active and racemic forms as solid 
phases. In the case of solutions containing both the active and the 
inactive forms, the composition was determined polarimetrically, the 
variation of the specific rotation with concentration and in presence 
of the inactive form having been previously determined. 

(1) Tartaric Acid. — Freezing-point curve. The freezing points 
of mixtures of d- and Z-tartaric acids were determined by Centnersz- 
wer (Z. physikal. Chem., 1899, 29, 716), and from the resulting curve 
the conclusion was drawn that d- and Z-tartaric acids form a con- 
tinuous series of solid solutions. We are unable to confirm this. 
Owing to the difl&culty with which crystallisation takes place, we 
have determined, not the freezing-point, but the melting-point 
curve of mixtures, and on plotting the latter a eutectic is found at 
161-6® and 94-3% of the (Z-acid. The experimental values are as 
follows * : 

d-Acid, % 100 95 94-3 93 87-6 60 

M.p *168-5® 162-6® 161® 170° 195° 205° 

The facts that the melting point of the racemic is much higher 
than that of the active acid, and that the melting-point .curve of the 
racemic acid extends over such a long range of composition, indicate 
that the freezing point is far removed from the transition point. 
The very flat summit of the freezing-point curve indicates that the 
racemic molecules are largely dissociated in the molten state. 

Solubility. The solubilities of the (Z-acid, of anhydrous racemic 
acidjf and of mixtures of these in 100 g. of alcohol are : 


Solid phase. 


Solubility (g./lOO g. alcohol). 


0® 

15® 

25® 

40® 

d 

25-17 

30-65 

43-04 

61-70 

r 

2-006* 

3-163* 

5-01* 

6-299* 

d T 

/ 24-92 d 
1 1-09 Z 

40-26 d 

51-06 d 

94-04 d 

0-2 1 

1-04 2 

1-68 2 


♦ Total d + L 


For the sake of comparison, the solubility in water at 25® was also 
determined ; it is expressed as g. of anhydrous tartaric acid to 100 g. 
of water, but the hydrated racemic acid was present as soM phase. 

d 147-7 ; r 21-5 {d + iy, d + r f 

* Since the melting-point or freezing-point curve is symmetrical on either 
side of the line representing the composition of the racemic form, only half 
the complete curve is given here. 

t Perkin (J., 1887, 51» 367) ha*s shown that racemic acid cr 3 ^tallises from 
alcohol uncombined with solvent. 
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Wlien the solubilities in alcohol are plotted with rectangular 
co-ordinates (Roozeboom, Z. physikal, Chem,^ 1899, 28, 494), a 
curve is obtained of the form which shows that the racemate exists 
as stable solid phase in contact with the solution. Owing to the 
fact that the solubility curve for the racemate occupies such a large 
portion of the diagram, even at 0*^, it is clear that the transition 
point, if one exists, must lie far below zero. 

(2) Methyl Tartrate, — ^The active ester melts at 48°, and the 
racemic at 85°. The melting-point curve for mixtures of the 
methyl d- and Z-tartrates was determined by Adriani {Z. physikaL 
Ghem,, 1900,33,467), The curve for the racemic compound occupies 
a large part of the diagram, the composition at the eutectic point 
(42°) being 97 % of d-ester. The solubility curves also show that the 
methyl racemate is far removed from its transition point even at 
0°. The following are the solubilities in 93*8% alcohol : 


Solubility (g./lOO g, solvent). 

Solid phase. 

0^ 15® 25® 40® 

62-05 199-3 324-5 680 ’ 

16-30 20-88 29-2 J 55*82 

f 52-05 d 88-44 d 101-4%'^d 254-5 d 

U0-25Z 10-44 Z 12-65 Z 20*5 2 


(3) Methyl Diacetyltartrate, — ^This ester was prepared by the 
acetylation of the methyl tartrate. The active ester prepared from 
methyl d-tartrate is Isevorotatory. 

The fusion or melting-point curve was determined by Adriani 
(loc, eit). We have determined the following values of the freezing 
points of mixtures of the active and racemic esters : 


c?-Ester, 


93*05 

83-7 

79-1 

66-9 

F. p 

102'5» 

98-0® 

94-0° 

90-1® 

86-0* 

rf-Ester, 

63-1 

59*5 

54 

52-3 

50-0 

F.p. 

S5-8® 

. -82*r 

79*8® 

79*5® 

79-8* 


The curve constructed from these data is shovTi in Fig. 1. It 
agrees in form with the melting-point curve obtained by Adriani. 
The temperature of the eutectic point is 79° and the eutectic mixture 
contains 53*6% of the d-ester. 

The molecular depression of the freezing point of the racemic 
ester was foimd to be 4955, tartaric acid being used as solute. 
With the help of this value, the degree of dissociation of the racemate 
was calculated from the slope of the freezing-point curve (Kremann, 
Z. Elektrockein,, 1906, 12, 259), and found to be about 10%. In the 
liquid methyl diacetylracemate, therefore, at its freezing point, 
about 90% of the racemic molecules must exist undissociated. 

The following values for the solubilit}^ in 93-8% alcohol were 
obtained : 



\perature. 
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- Solid Solubility (g./lOO g. of solvent), 

phase. ^ 


0® 

15® 

20® 

25® 

32® 

40’ 

0-0378 

2-14 

— 

7-025 



16-65 

3-02 

6-20 



11-59 

25-0 

37-4 


2-60 Z 

4-11 Z 

2-72 Z 


16-91 

.1-51 d 

2-60 d 

4-11 d 

8-87 d 


26-6 a 


On plotting the solubility values in rectangular co-ordinates, the 
curves shown in !Fig. 2 are obtained. From the figure, it is seen that 
up to about 20°, the solubility curve consists of only two branches. 
Below 20®, therefore, the solid racemic ester is not stable. At 25® 

Fig. 1. 



and above, the solubility curve consists of three portions, indicating 
the stable existence of the racemic ester in contact with the solution. 
The transition point must therefore lie in the neighbourhood of 20®. 

The transformation of the racemic into the active esters takes 
place with great slowness at temperatures below the tr^ition 
point. It was found, for example, that when the active and the 
racemic ester were brought in contact with alcohol at a temperature 
below 20®, a period of a week or more elapsed before equilibrium was 
attained. 

In order to: determine the transition point, curves were drawa 
representing the solubility of the solid phases d + r, r, and d + l 


Solw 5w Oj -ate ^10 alcoi 
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respectively. The point of intersection of these three curves, which 
should take place at the transition point, is 234®. Great accuracy 
cannot, however, be claimed for this determination. 

The angle of intersection of the solubility curves for d + I 
mixtures and for the racemic form is small, indicating a small heat 
of transformation. Accurate determinations of the transition point 
by means of a dilatometer were not possible owing to the slow rate 
of transformation of the racemic ester. The value found was 
between 21-2® and 25-9®. 

Determinations of the solubility in carbon tetrachloride were also 
carried out, and the following values obtained : 


Solubility (g./lOO g. of carbon tetraebloride). 
Solid phase. ^ 



0*2° 

15*0° 

26*0° 

37*2° 

d 

1*6 

3*73 

6*4 

9*16 

r 

2*18 

3*66 

6*3 

16*6 i 

d + r 

/h03d 

tl*03Z 

1-72 d: 

4-1 d 

10*32(2 

1*72 2 

2*8 2 

4*93 Z 


These data also indicate a transition point between 20® and 26®. 

Since the transition point may be taken as 23®, it should be 
possible to resolve the racemic ester by crystallisation at tem- 
peratures below 23®, just as Pasteur obtained a resolution of sodium 
ammonium racemate. Our attempts to secure such a resolution, 
however, have had only a very partial success. On one occasion, on 
aHowing a solution to crystallise at the ordinary temperature, one 
r^tivefy ia*ge crystal was picked out which melted at 103®, the 
m. p. of the active ester. On other occasions, however, bunches of 
ingrowing crystals were deposited, and it was not possible to dis- 
tinguish crystals of oppcMiite activity by their outward form. The 
same difficulty, indeed, was met with in the case of the resolution 
by cxystaS^timicrf rubidium racemate (Traube, NeuesJahrb. Min., 
796), 

Very fe^y active crystals were obtained by crystallisation from 
solutions in carbon tetrachloride at —17°. 

The conclusion that the racemic ester is unstable below about 23° 
is in harmony with the results obtained by Anschutz and PulW<^ 
{Annalm, 1888, 247, 121), who found from 
in aoetie acid solution that the racemate is completely dissoek&tdd 
(compare Broni and Badoa, AUi S, Aecad. Lincei, 1902, [v], 11, i, 
212 ). 

(4) Ethyl DmcetyUartrcUe . — ^The active and racemic esters were 
prepared by acetylation of the corresponding ethyl tartrates. The 
racemic ester boils at 172®/20 mm., and melts at 48-3® (Found : 
C, 60-0; H, 6-0. requires C, 49-7 ; H, 6-2%). The ester 
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prepared from ethyl d-tartrate is dextrorotatory. The freezing- 
point ourve (Fig. 1) can be constructed from the following data : 


fZ-Ester, % . 
F. p. 
<i-Ester, % , 
F. p. 




. 100 

97-17 

93*85 

88-6 

8i-2 



. 66-6® 

66-2‘> 

63-0- 

60*3® 

68-1® 



, 61-6 

^7-0 

63-7 

61 

60 



. 46-8- 

42-8° 

44-6‘’ 

45-9® 

46*0® 


At the eutectic point, 42*0°, the mixture contains 55*7% of the 
(i-ester. 

The solubilities in alcohol are as follows : 


Solid phase. 

’ . W , 


Solubility (g./lOO g. solvent). 

0-9® 15-0® 24*2® 32-9® 

‘ 6-03, < 13-8 . .38-L 178 

16-15 53-2 146 — 

/ll-5d W^Bd i01-75d 

I 2-5 « 23-5 X 49-261 


The m^^ition point must obviously lie considerably below, 0®,. 

(6) Methyl DipropionyUartrate, — ^These esters were prepared by 
IJt^undler’s method {Ann, Chim* Phys,^ 1894, 3, 450). The racemate 
melts at 34*2° (Found: C, 49*5; H,.6*l. Ci^HigOg requires 
0, 49*7 ; H, 6-2%). The ester prepared from methyl d-tartrate is 
Isevprotatory. 

Owijig to- the readiness with 'which supercooling occurs, it wa^ 
found advisable to determine, not the freezing-point, but the melting- 
point^pry;e.,^^ following values were obtained : 

d-ESteK’^\» IW ' * ' 4b-& 79-3 71 61-6 64-6 BO^ 

M.p. 27-5® Sfl-Of . ,26*7®, 28-6® 33-3® 34-0®, 34’^ ^ 

At^the eutectic point, 24°, the itdfcttire contains 75% of d-esfer.! 

Owing to the very great solubility of these esters in all comipA,bh 
solvents, we hkve refrained, for the present, from determinatioW iS. 
the solul^ty curve. With 40% alcohol and with light petrolfetdh^ 
the active ester forms two liquid layers at the ordinary tempers,tttre. 

,(6) Methyl iyibenz6yltartfafe,—Tb^ active ester prepared ’ frohi 
methyl d-tartrate is Isevorotatbrj^, and inelts at 132°. The racemic 
ester melts at 144*5° (Found : C, 61*4 ; BC, 4*5. CgoH^gOg reqniffe^ 
0, 62*2; H, 4-7%); owing to its slight solubility, it is somewhat 
difficult to purify. 

The following freezing points were obtained : . V / 


d-Ester, % ...... 

F. p 

100 

132-0* 

99-42 

131-8® 

98-29 

131-3* 

96 -17 . 
130-7* 

.94-6 

130-4* 

'92^0 

132-6* 

d-Ester, % 

F. p 

86*6 

136*2® 

66*4 

141-6® 

88-2 

142-6* 

52-2 

142*8® 

60*7 

143-2® 

60-0 

143-3® 

- . .1 - 

SM eutectic- point at 130-4° anil M-S% ot d'^ster. . j 

3n 
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The molecular freezing-point depression of the racemic ester, with 
tartaric acid as solute, was found to be 7066. From this it was 
calculated that the molten racemate is dissociated to the extent of 
about 20%. 

The following solubilities in alcohol were determined : 

SolubilityJg./lOO g.). 

0*165 0*323 

0*07 0*236 

f 0*266 0*455 d 

tO-047 1 0*210 1 

The solubility data show that at the above temperatures the 
racemic ester is stable in contact with the solution and that it is 
far removed from its transition point. 

(7) Ethyl Dihenzoyltartrate, — Since the active ester has a very 
hi gh solubility and crystallises with very great difficulty (Fraiddand 
and Wharton, J., 1896, 69, 1586), further investigation of it was not 
undertaken. The ethyl x-dibenzoyUartraU, however, was purified 
by repeated reorystalBsatiop, (Fomid : ( 3 , 68*4 ; H, 5*3. C 22 H 22 O 8 
reqi^kefi ©, 68^8 j H, 6^3%3l ^ce it melts at 106®, whereas the 
abtiye melts at 62*5% it is probable, on analogy with Other 
esters which we have investigated, that the racemic ester would 
be far removed from its transition point even at the ordinary 
tmperatore. 

When one studies the melting points and melting-point or freezing- 
pom^, diagrams of the compounds which we have investigated, it is 
fonnd that the difference between the melting points # active 
and a racemic acid (tartaric acid) is but little, if at all, affected by 
esterification. The difference between the m. p.^s of d- 
acids is about 3?^, and the same difference (86® — 48®) i 
caseof tfaeii- andr-methylest^. Therangeof oompo^tmnthxough 
the rac^nio form ht stable is a£so but little altera. Intro- 
of an acyl group into the ester, however, lowers the m. p. 
of the mosorio as oompared mtih the active ester, and Hortens the 
ra^ of mtistenoe of the b^eeding^point curve for the racemic 
Specia% effective in tins respect ib the acetyl group ; its efiecwe- 
ness in dimmishing the range of stability of the racemic form is 
shown also by the realisation of a transition point at about 20®. 
Whether similar relationships are also to he found in the case of 
other optically active esters is now being investigated. 

Summary, 

1. The freezing-point and solubility curves of active and racemic 
forms of tartaric a'cid, of its methyl ester, of the methyl ester of 



Solid phase. 

d 

r 

d + r 
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diacetyl-, dipropionyl-, and dibenzoyl-tartaric acids, and of the 
ethyl ester of diacetyl- and dibenzoyl-tartaric acids, have been 
studied. 

2 . The introduction of an acyl group into the methyl or ethyl ester 
of tartaric acid lowers the melting point of the racemic form 
relatively to that of the active form, and reduces the range of 
stability of the racemic form. In this respect, the acetyl group is 
much more effective than the propionyl or the benzoyl group. 

3. The transition point of methyl diacetylracemate lies at about 
23 ^ 

Univebsity or Aberdeen. [Heceiued, A^pril 28i^, 1028.] 


CCXXVII . — Oryoscopic Irregvlanties with Phenols. 

By George Maxwell Eichardson and Phujp WiLPBBn 
Eobeetson. 

In spite of extensive investigation, the forces causmg deviation 
from Eaoult’s law are still but poorly understood, especially where 
solvents and solutes possess such ill-defined electrochemical 
character as is found with organic compounds. Early attempts to 
account for such cryoscopic irregularities were based variously on 
theories of solute ionisation or association, of solvate formation, and 
of separation of solid solutions, yet their inadequacy has now 
nece^i'^i^' lile introduction of thermodynamic concepts. The 
consequent emphasis on in^rmolecular forces suggests the possibility 
^4 oorzelating cryoscopic irr^gul^iies with those physical properties 
(e.gr., molecular volume, viscosity, vapour or osmotic pressure) 
which are governed by such forces. In this paper, which continues 
previous investigations of typical organic liquids in phenol solution 
(Eobertson, J., 1903, 83, 1425; 1904, 85, 1617; 1906, 87, 1674; 
1906, 89, 667), cryoscopic measurements have been accompanied 
in typical oases by simultaneous determination of the alteration in 
molecular volume of the liquid solutes upon addition to the solvent. 

Cryoscopic D&oiaMona. 

Calculation of Results , — ^The molecular depression constant 
K == AMbjlOOa for Boult’s equation was calculated after suc- 
cessive additions of solute in amount sufficient to cause a depression 
increasing from 0-6® to 6*0®. These d^ression “ constants ” were 
plotted against the d^ressions, and the values of K at depress 
s|ms of V (ill) and of 3-6® (£ 3 . 5 ) were re^ off from the curves. A 
^rfi^le qualitative expr^ion for^the. deviation was then ubtatoed 
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fay expressing the difference between these constants (^^3*5 ~ as 
a percentage of the depression constant at (^i)* The “ percent* 
age deviations,” 100 (jK 3.5 — so obtained are numerically 

eqnal to approximatdy one-third of Eiobertson’s rate ” of 
association. 

Table I contains the values obtained for £3.5, and the per- 
centage deviation for alcohols, phenols, anilines, anilides, and amides, 
also pyridine and quinoline, in phenol solution. 


Table I. 


AleoMs. 


J*ropyl 
iffoProp 
Allyl . 


Cetyl ... 
Benjsyl 

Aniline 


99^!Eqlui^6 


Anilines. 


.Kx. 

K$.s. 

Dev. 

Phenols. 

K^. 


Dev. 

.. 67*4 

67*4 

0 

wi-Cresol 

43*4 

41*6 

— 4*1 

.. 68*1 

69*2 

+ 1*6 

Xtesorcinol 

55*0 

53*0 

— 3*6 

.. 65*2 

68*2 

+ 4*6 

fl-CresoI 

53*4 

52*0 

— 2*6 

.. 66*5 

68*6 

+ 3*2 

Pyiocatechol 

54*7 

53*4 

— 2*4 

.. 67*0 

67*4 

+ 0*6 

o-~Chloropheiiol ... 

57*1 

66*7 

— 2*5 

.. 68*1 

88*9 

+ 1*3 

;»-Cre8oJ ............ 

Quhiol ...1 

66*6 

64*4 

— 1*7 

., 68*2 

68*7 

+ 0*7 

60*3 

58-1 

3-6 

.. 62*6 

55*2 

—12*0 

Ip-ChloiQphenol ... 

66*3 

65*2 

— 1*7 

.. 68*1 

68*2 

+ 0*1 

s-Trihromppbenol 

Anilides. 

68*8 

66*9 

•p* S*9 

.. 69*1 

70*6 

+ 2*0 

Acetanilide 

69*5 

72*9 

+ 4*9 

.. 68*0 

71*2 

+ 4*7 

PhenylacetanUide 

70*0 

74*5 

+ 6*1 

... 68*3 

71*7 

t ^‘S 

. + ’4-8 

Ohlexoacetanilide 

69*6 

70*8 

+ 2*0 

..i #8^ 

71-C 

Pdp^eauuiLijlllS 


72*0 

+ 5*2 


m 


Acelo-^tc^mSde Tl-T 



‘ sD-p-wnld^ ....V... 70*0 
7l*l 

Fbenylac^-fHlQxoinoanilid^ 69-3 
77*4 
Bide 75'4 
“ 75-8 


75*9 +5*9 
74*0 + 4-8 
73*7 + 6*3 
72*5 , + 2*0 
70*9 + 2*3 


...>70*6 
{wBatynmlllde ... 70*6 
»-0(sfcoanilide .« 71*6 
Palmitanilide ... 68*8 

SuoomaniMe 74*1 

Azelanilide 79*6 

SebafieaiUde 76-1 
AwiKeg, 

AflCtwwjde 0|'5 

Phenylacetamide 70*3 
C^ksoacetainide 68*3 


73*4 

72*8 

73*6 

66*2 

8,3*6 


+ 4*1 
+ 8*3 

±11 

+12-7 


74*6 +>7:8 
74*2 + 6*5 
70*8 + 3*7 


: Pyridine 68*8 74*7 + 8*6 

, Quinoline 65*1 69*0 + 6*0 

w diring to tbe lindted solubility of tribromoaniline this figure is lor i of 3^. 

Ibr ^ pemenlasB deriation n, ^onvctitm has beed hisde. 


<1) M deviations of K ii^sredsii^ht 

Sr^ m a ^^odtive bat at carbon atom a reversal 

^ars until In the ic^-eliain cakrbon <^m;^^taxidj8"devktiOnS finally 
native (compare alcohdls and anilides}; (2) sub^tutiion 
by a paiSnyi ^up pmduees no regular change of deviation, but 


(compare aniline with ju-bromo- and s-tribromo-amline ; anilides 
with jp-bromoanilides ; cMoroacetardlide and chloroacetamide with 
the unsubalitnted eompounds). 

These tendencies, noted already by Robertson in his investig- 
aticms on acids and esters, would seem to be general in all homo- 
logous series, and to point to a differentiation of the effect on per- 
centage deviation of the hydrocarbon chain and of the attached 
polar group. In the view of Hildebrand (J. A^ner, CJi&nu Soc. 
1916, 38, 1452), osmotic phenomena are considered to be the, 
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observable expression of intermolecnlar forces induced (a) by the 
internal pressure and (6) by the polarities of the interdiffused liquids. 
Since relative internal pressure among homologues presumably 
varies as the size of the molecule, whereas polarity is largely 
dependent on the attached group, this view may be regarded as 
receiving confirnaation in.these results. 

Another feature of the table not so readily explained is observed 
with the cresols, where, although noticeable parallelism is shown by 
the depression curves, the molecular depression constants are 
markedly dissimilar whatever the concentration. Bruni’s explana- 
tion involving the separation of solid solutions is not applicable here 
even if we accept hk analytical technique (see Robertson, toe. cii., 
1906) ; for, first, van Bijlert (Z. physikaL Chem., 1891, 8, 352), 
using this technique, found no separation of solid solution whatever 
with 97^-cresol, whereas in its depression constant this is the most 
irre^ar phenol; secondly, crystallographic data reveal marked 
divergence in ciystal structure among compounds found to exhibit 
very similar molecular depressions ; and finally, while morphotropic 
considerations indicate that p-substitution, in affecting least the 
synunetry of the molecule, favours similarity of crystal structure 
between the simple and substituted compounds, in this investig- 
ation the greatest deviation is found with o- and m-substituted com- 
pounds. A theory of active molecules propounded by Brown and 
Bury (J. Physical Chem.^ 1926, 30, 694) provides no better explan- 
ation, since |t involves regularity at infinite dilution and has no 
expianatfem fiur'parsll|l depression curves. 

Further light wasr" bought by investigating o- and p-cresol as 
solvents for simple phenols ; the curves shown in Fig. 1 were obtained. 
The remarkable parallelism of curves would seem to indicate the 
formation of solid solutions, as would also the fact that phenol- 
o-cresol and phenol-p-cresol mixtures show abnormalities of like 
extent whichever component be in excess. However, the 
characteristically greater abnormality of m-cresol, as compared with 
o- or p-cresol, in each of the struoturally different solvents is 
incompatible with this conclusion, and the previous criticisms have 
been in no wise invalidated. 

The smaller abnormalities disappear almost completely if a mean 
depression constant (69) for the homplogous series investigated is 
used for comparison in preference to the van ’t Hoff theoretical con- 
stant {K =: 0-02T^JL = 74). Hence the explanation of abnormality 
may be that in phenolic solutions the van *t Hoff equation requires 
considerable modification to indude some theory of active mdeeuies, 
though the theory of Brown and Bury caamot be accepted in its 
present form. 
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VaricUioTis of Mohcular Volume^ 

CakyliUion of BesuUa . — ^The alteration of molecular volume of the 
solute is expressed as the ratio (Molecular solution volume)/ (Mole- 
cular volume), where the molecular volume is derived from the 
density of the pure liquid at 40°, and the molecular solution volume 
is calculated on the simple mixture law from the solution density at 
*40° of that solution which produces a depression of 4*6° in the freez- 
ing point of phenol. Thus the solutions are of approximately the 
same molecular concentration, but the assumption is made that the 


Fro. 1. 

Pltenal as aolveni*. o-Creaol a& solvent p-Oresol as soloerU* 



^ P ^ ^ ? P ? 3^ r ^ 

Depression, Depression, DepresHeh, 

* A*= Phenol as solute. C = o-Orewi as solute^ 

B = m-OBaeJ as solute. . D ■= p-Oeflol as soltOet i ;! 

E^9-m:^/LicaloulaUdva^ 

whole change of voiuane Ujpon i^lutian taloee place in the molecules 
component. 

vdiume changes in the various binary liquid 
tabulated in Tables Ua and 6, wherep is the percent^ 
age ooxnposrtiion required to produce a depre^on of 4*5°. Dbeci 
delermmiit^^ of dmisity at 40° were made except for the molecular 
voifameB of the pore simple alcohols, which were obtained by extra- 
pdbtion of tiieir known densities at other temperatures. Figures 
for a hydrocarbon, an ester, and anlacid are also included, since 
each of these types shows a characteristic deviation curve. 

It is noted from Table II (a) that the alcohols show a typically low 
ratio of M.S.V./M.V., whereas the phenols (omitting the not unex- 
pected exceptional values for halogen derivatives) show little volum * 
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Table II. 


(«) Phenol as solvent. K (experimental mean) = 69*0. 

M.S.V. Devi- 

Solute. p. M.S.V. M.V. M-V/ K^.g. ation.% 

Methyl alcohol 40-(> 41-6 0-98, 67-6 0 

Ethyl alcohol 3-1 67-2 59-6 0-96, 69-6 + 1-6 

Propyl alcohol 4-0 73-1 76-3 0-95, 68-3 + 4-8 

^Prcmyl alcohol 3-8 74-4 78'0 0"96. 69-2 -f- 3"2 

Allyl alcohol 3-8 69-1 71-1 0-978 67-4 0-8 

woBntyl alcohol 6-1 90-2 94-6 0-964 69-3 + 1-2 

«-Ootyl alcohol 7-6 167-0 169-8 0-98, 68-8 + 0-7 

Cetyl alcohol 21-0 282-9 294-0 0-96, 62-6 — 12-0 

B^zyl alcohol 7-2 104-6 104-9 0-99, • 68-6 +0-1 

w-Ciesol 11-7 106-9 106-1 0-99, 40-7 - 4-1: 

o-Cresol 9-1 104-8 106-0 0-99, 60-6 — 2-6 

o-Chlorophenol 10-6 104-8 103-6 1-01, 65-0 — 2-5 

p-Cresol 7-9 106-0 106-1 0-99, 63-9 - 1-7 

p-Chlorqphenol 9-0 104-2 101-6 1-02, 64-8 - 1-7 

Toluene 6-6 104-6 108-4 0-96, 61-3 — 6-4 

Ethyl malonate 9-6 163-4 164*8 0-99, 80-0 +11-0 

AceMc acid 4*4 68-3 68*3 l-OOn 

(b) o-Cresol and p-ciesol as solvents. 

o-Ciesol, K (mean) = 66-0. p-Oresol, K (mean) = 70-0. 

M.^.V. Dev., M.S.y. Dev., 

Solute. p. U.-V. ' Kfy %. p. M.V7' X,.*. %. 

Toluene 8-3 0-97* 48-9 - 8-0 6-4 0-97, 62-3 -6-2 

Ethyl malonate... 11-4 0-99* 64-8 +10-0 9-0 0-98, 79-8 +5-3 

woPropyl alcohol 6-0 0-96i 63-6 + 0-6 3-9 0-96, 68-6 +0-2 

Acetic acid 4-3 0-97, — — 4-4 0-99, 

p-Cresol 9-0 0-99, 61-1 - 2-1 — 

o-Cresol — 6-7 0-99i 67-9 -2-7 

»»-C»esoI 9-6 0-99, 47-1 - 3-3 7-6 0-99, 66-8 -2-8 


Phe)4ati a«wi»*M.ii «.j- jm-6 1-00* 20-9 — 9-6 6-4 1-00* 60-6 -2-6 

change. Benzyl alcohol, though alcoholic in cryoscopical behaviour, 
behaves in volume change as a benzene derivative. The absence 
of volume change in mixtures of phwols is confirmed in Table 
n (6), so that, whatever the nature of the molecular environment 
producing such divergent magnitudes for K, it has no efi^t on 
molecular volumes. It is therefore not surprising that the depres- 
sion curves of these phenolic mixtures are found to be parallel. 

Table m. 


m- uoAmyl o- p- ' 

Solute. Toluene. Xylene, acetate. Ctesdl. Phenol. Cresol. 

Toluene — 1-00, 1-00, 0-97, 0-96* 0-97, 

Ethyl malonate 1-02, 1-02, 1-02, 0-99* 0-99, 0-98, 

o-Cresol 1-02, 1-01, 0-98, — 0-99, 0-^, 

TO-Cresol 1-02, 1-01, 0-98, 0-99, 0-99, 0-99, 

Phenol 1-03, l-Ol* 0-98, 1-00, . — 1-00* 

p-CresoI 1-01, 1-01, , 0-98, 0-W, 0-99, 

MoPiopyl alcohol ...... 1-04, 1-02, 1-02* 0-96, 0-96* -0-95,. 

Acetic add 1-07, 1-03, 0-89* 0-97, 1-pO, .0-9% 

Mean (excluding acetic 

’ add) 1-02, 1-01, 0-99, 0-99, 0-98,-f 



1780 


RICHARDSON AND ROBERTSON : 


To strengthen any conclusions based on volume changes, mole- 
cular volume changes were determined with the unassociated toluene, 
w-rxylene, and «5oamyl acetate as solvents. These figures, together 
with those for the phenols, are in Table m, where both solutes and 
solvents are arranged in order of their “ degree of associaticm ” in 
the liquid state* It would appear that unassociated solvers 
have the effect of increasing the molecular volume of solutes 
in solution. Yet generalisations based on concepts of molecular 
association require solutes in normal solvents to be associated, 
and to have, almost certainly, smaller molecular volumes, so, that 
these figures enlarge the increasing mass of evidence which 

Fig. 2. 

Phenol 08 aolvmU o^Greaol as aolvenU "p-Oresol as solvent* 



^ JO ^ Q( 0O J^O go 00 no TO oo oo 


’ ‘ lUfMsion, Depression, 

:= Toiuene as soltOe, Q ^ Ethyl mahncde as soluie. 

‘ yaioFfopyl a^eohol as solute. D D*02^‘/Ii (eaksuk^ . 

- . ' , • * n 

wijiSeept^ me <>f “ ” concepts to eisplain 

9,iid 

Baz^.|^ dt., p, 702). It 18 significant that isc^ropyl alGohol and 
aoetia acid, fridoh woidd commonly fie regarded as tlie most 
“ aameiated ” d the sdlutes, this contrary result in molecular 
diange to ^e gneat^ extent. 

Oenerd Dieeuasion. 

Beeohs for solutes of the three types, alcohol, ester, and hydro- 
odbw, in the three phenolic solvents are compared in 2. 
(Sjfe phenols have already fieen discussed, and comparison -with 
type acids is invalidated by large polar dieots.) The figures placed 
on each curve represent the ratio M.S.V./M.V., and it seems obvious 
that each typical deviatmn is accompanied by an equally typical 
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alteration of the molecular volume. Hence it becomes' dgnificant 
to enquire whetier the intermoleoular forces causing this volume 
change are also capable of governing the oryoscopic deviations. 

Referring first to volume changes and to Table III, we find that 
the anomaly there remarked vanishes if we explsm the results in 
terms of internal pressures, since a solute of internal pressure 
similar to that of its solvent will be dissolved without volume change, 
whereas a solute of smaller mtemal pressure would be compressed 
on solution, or vice versa. By forming a general estimate of mtemal 
pressures in this way, we find that their descen(fing order for our 
compounds is : acetic acid, isopropyl alcohol, the phenols and ethyl 
malonate, the hydrocarbons and amyl acetate — a good agre^ent 
with generalisationB from Mortimer’s internal-pressure data (J. 
Amer. Chem. Sooi^i 1923, 45, 633). The marked irr^ularity of 
phenols and acetic acid when dissolved in amyl acetate is a good 
iHusfcration of specific disturbing influences which may arise out 
of polar groups. 

Referring now particularly to the solutes of Kg, 2, we find that in 
toluene and xylene solutions, ethyl malonate and isopropyl alcohol 
are expanded and toluene is normal, whereas in phenolic solutions, 
the e^r is normal and toluene and isopropyl alcohol are com- 
pressed. This anomalous behaviour with alcohol-phenol mixtures 
is satiaEacflorily attributed to the tendency towards chemical 
combination of the molecules resulting in a closer binding and a 
smaHer molecular v<diiin6. 

dtSsrences is now sought! 
]iPi|etad (J. 3®, 1473; 1919„41, 1078) 

fiiids that in mixed liquids difference bf internal pressure produces 
positive deviation from Baoult’s law, since such a mixture results 
in smaller mdteeular attractions and increased vapour pressme, 
thereby reducing the “ lowering of vapour pressure ” and the amount 
of change in boiling point or fr^zing point. This diminution results 
in that increase of molecular weight (or decrease of X) so commonly 
stated to be due to ** association.^’ Inequality of polarity pro- 
duces a like effect, but with two highly polar liquids deviation is 
found to be negative, - 

Toluene and phenol show differences in both internal prc^mre 
and polarities (as estimated qualitatively froih dielactric constants)! S 
they reveal a marked decrease of K with ooiioentiaftion* . Bfclrl 
malonate and phenol possess similar internal pr^ssure^ sixA are 
highly polar; K increases marikedly with ooimentpafcitoi- imi* 
Propyl alcohol and phenol possess different internal pi^essure^ js^ 
polarities, but show a tendency to unite; the 
3 n2 
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in jSl is balanced by the increase due to a tendency to solvate 
formation. The cresols have internal pressures similar to that of 
phenol, but lower polarities ; for each solute, the cresols show 
deviations of a slightly less positive character than phenol. 

Thus a very interesting relation between deviations from cryo- 
scopic normality and changes in molecular volume seems to. have 
been established, and to be correlated with a difierence of internal 
pE^essures and polarity of the intermixed liquids ; but until further 
data have accumulated it is impossible to formulate more trust- 
worthy conclusions. Since throughout the investigation great care 
was taken to eliminate as far as possible any error due to the hygro- 
scopic nature of the solvents or other experimental sources of 
irregularity, it is considered that the deviations observed were 
conditioned by the forces governing interaction of solvent and 
solute; 

Finally, we append a table of densities of various liquids ; 


Acetic acid ... 

1-0291 

Phenol 

.... 1-0686 

o-Chlorophenol 

1^41® 


0-8524 

o-Cresol 

.... 1-0290 

3 J-Chlorophenol 

1-2651 

Ethyl naalonate 

1-0349 

OT-Cresol 

.... 1-0184 

Toluene 

0-8498 

Allyl alcohol ... 
alcohol 

0-8166 

1*0306 

^-Oresol 

.... 1-0186 

^^Xylene 

0-8487 



E Z P EBIUZKIAL. 

y 


The Beckmann appa^tus with magnetic stirring device was 
empk>yed in the czyosoopic work. Betermmatiozts were made with 
considerable care, and by adoptmg i^ecial 
precautions — notably a cooling bath insulated 
with cotton- wool and maintained at over 
a steam boiler — highly compa^al%i^ults were 
obtained. 

Density determinations of pure 
.^amounts were made in a specially 

kjOQwn at 

' ^ With tl^ "d, fliri&ed down- 

wards, the liquid was aspirated into the 
Weij^hedpyknometer b untilit reached the scale 
m the arm a,% which was next cbsed mth a 
mUbear cap. Then the pyknometer, inserted in its contahiing 
vessel in 'the jjiesition shown in the figure, was immersed in the 
at when equilibrium was reached, the vessel Was 
tfited to displace the liquid in the trap from the mouth of the 
pyknometer, the volume was read to 1/10,000 e.c. from the scale, 
and cooling was allowed in this position. Then the trap was 
removed and the second weighing made. 

Solution densities were determined in a special long-necked 
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ipeoific-gravity bottle, graduated at 40® to read to 0-001 c.c, over 
jhe range 13‘6 — 14*0 c.c. The final solution frona the Beckmann 
apparatus was transferred directly to the bottle by means of a long- 
cointed pipette of the same capacity, the volume was 3 read ofi after 
equilibrium was attained in the thermostat, and weighings were 
nade. It is believed that through the use of these methods, the 
experimental error in the final ratio M.S.V./M.V. is no greater than 
> 6 %. 

The best materials obtainable commercially were used. Liquids 
ivere further purified by drying and repeated fractionation until the 
h. p. of the accepted sample varied by no more than ± 0-1®. Solids 
vere successively recrystallised, generally from aqueous alcohol, 
ontil the cGlrect m. p.’s were obtained. The amido- and anilido- 
3 ompounds were prepared from pure constituents by treating the 
base directly with the acid chlbride of the appropriate acid (pre- 
pared by use of thionyl chloride). In certain instances this method 
was not applicable, and the methods indicated in the literature were 
adopted. The phenol, o-cresol, and p-cresol used as solvents were 
twice fractionated and twice recrystallised wiidi the rejection of 
one-lhicd' during each operation, and gave final freeziag points in 
good agreemmit with the literature. Suitable methods for succes- 
sive deliveries of about 15 g. of solvent to the Beckmann tube without 
contact mth the atmoaph^ w^ adopted. 

Summary. 

(1) Tlie ’IiIh ’t Hoff equation (K = 0'02T*/Ir) does not hold for 
the solutes investigated, S.t low concentrations. 

(2) The observed deviaM<tosemn to depend on internal pressure 
and polarity in accordance with Hte theory of HiMebnmd. 

(3) Derived phenols have been found to show in their binary 
mixtures marked divergmices not traceable to these causes. .The 
theories of solid solutions and of activity (as formulated by Brown 
and Bury) have be^ shown to be unsaysfactoiy as explanations, 
but smne theory .(ff activity seems to be required. 

(4) A general relation is shown between change in molecular 
volume upon solution and oiycecopic behaviour, and this rela&n 
is in agreement with deductions drawn from internal-pressure data. 

(5) Hensities of various phenols and other compounds have been 
determined St 40®. 

VioiOBiA UiirraBBEnr CoiiMiok, 

WnLLuraxoK, Nxsw ZnUiAin}. [JBeeettied, Jfojr 11 A, 19S8.} 
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CCXXVni. — The Alkaline Hydrolysis qf Esters in 
Aqueous Alcoholic Solution. Part II. The Inter- 
action of Phenoxides and Ali'phatic Esters. 

By Eeic Stephen Gyncell. 

It was shown in Part I (J., 1926, 2484) that the reaction between 
ethyl acetate and potassium phenoxide, in alcoholic solution, did 
not * follow the usual bimolecular law, as required by the equation 
CgHg-OK + CHg-OOgEt — > CgHg-OEt + CHg-COgK, but was due 
to ,small amounts of potassium hydroxide produced by hydrolysis 
of the phenoxide by water present in the alcoholic solution. 
Alcoholysis of the phenoxide did not appear to be a cause of reaction. 

A mathematical expression was deduced which gave; satisfactory 
constants for the ester hydroljrsis; the value of this constant, 
however, was the product of the velocity coefficient and an equili- 
brium constant, but it was not possible to detemme these two 
facers separately with any degr^ pf pertaiaty. _ ^ ^ - 

South (J., 170) work tp the interaction cf 

pota^u^ ^^ptcdyloxide and ethyl acetate in aqueous alcoi^jppo 
sdution, and obtained similar results. Numerous esters of the 
aliphatic series have now been studied, and in all oases, except for 
esters of oxalic acid, the reaction has been found to proceed as a 
result of hydrolysis of the phenoxide. 

ExteEIMCENT AL. . » , 

ISj© f oHowing experiment is typical of the whole series. Time 
is expxee^ in minutes and concentratioiis in milHe^uit^.’lieidi^ 

2^/4; effijrl twpionate N/4; H25/%%; 


‘7^.' . 








’b a. - ' 

f a>i- as. 

b SB, 

Kk ^ 10*. 

0 


.. %-0 

500-0 

nil 




13-a , . 

185-0 , 

. .345-0 

955 

1-04 



im^ 

310^ 

921 

0*98 

‘ • 

11-8 

SI2-8 

287-8 


1-08 



225-0. 

275-0 

. 886 

0-98 

|og 

10-2 

245-0 

255-0 

866 

1-01 

1S66 

9-8 

255-0 

248*0 

856 

0-99 


Mean X-00 


In the foUowiog table are shown the values of the constants for 
various percentages of water for the esters examined, the concen- 
tration of the ester and phenoxide being K fi in every case and the 
temperature 70°. 
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Water, %. 
Ester, 


^xio'VyUoJrr'* 

CHs-COaBu* 

CJH^-COjBuiS 

C2H5*C02Me .:..... 
C2B[5*CO^t 

CgHg-COgPr® 

Ti-OaHy-cSaMfe .... 
?t*02B[»*0O2Et « . . ■ 
«-Cjg2-COaPr“ .... 
w-C^-COgBuiS .... 


0*2 

I'O 

2-0 3>6 

Kk X 10«. 

5-0 

10*0 

20-.0 

.... 1*26 

1-79 

1-26 

— 

— 

0*67 

0*67 

V . 2-23 

2*06 

J -86 

1*71 

1-52 

1*35 

— 

... — 

‘ — 

1-66. 


1-45 

0*98 

— 

. — , 

2-36 

2*83 

1*58 

1-50 

1*39 

~ , 

... ‘ 

2*57 

2*76 

2*37 

2*13 

1-86 

— 

... — 

' — 

0-$7 

0*83 

0*81 

0*73 

— ' 

.... 

— 

1-00 

0*87 

0*73 

0*68 

— 

— 

2-57 

1-04 

0*84 

— 

0*77 

— 


— . 

0-62 

0*62 

6*52 

0-47 

6*56 

... — 

— 

0*61 

0*64 

0*55 

0*43 

0*30 

.... ' — - 


0*66 

0*58 

0*42 

0*34 

p *2 S 

0*24 

... — 

0*61 

0*47 

0*44 

0*31 

0*23 

>) ' 
• KkxW = 

1*12 at 15%. 


1-17* 

0*90 


Relative ActivUm of the Esters . — The values of Kh for the dijEferent 
esters do not appear ib he stjdqtly m order of the atomic weights. 
There is, however, a distinct decrease in the values of the constants 
from acetate to butyrate. 


In conclusion, I should like to thank Dr. J. 0. Oocker for his 
bbntinued interest in the work. 

CJhblsha BoIiYTbohn3;<3, S.W. {Beceived, April 192$.] 


CPXZIX. — Psmdo-t&ma/ry Systems containing SidpJmr. 

The System SuVphur-SuL'phm MofAo- 

, ’ / r» ‘S { V » ’ : 

and MlCGBABn <Zvbgint:50V* 

I® was noticed by Aronstein and Meihuizen {Proc. K. Aha$. Wetensch: 
Amsterdam, 1898, 1, 1) that a saturated solution of sulphur in 
sulphur monoohloride, S 2 OI 2 , after bemg heated to 170® and chilled’ 
not only failed to deposit sulphur at its saturation temperature but 
was even capable of dissolving a further amount. This phenomenon 
was more fully investigated by Aten [Z. physikal, Chem., 1913, 81, 
257). He pointed out that the behaviour of the sulphur solutions 
could be explained either by the formation of a new modification 
of sulphur as a result of the rise in temperature, or by the forEnation 
of a subchloiide as a result of interaction: between the dissolved 
Sulphur and the solvent: Both effects could, of course,' operate 
simultaneously. He heated saturated solutions of non-equiKbrium 
sulphur {Sa) to various temperatures between dnd 170® and, after 
fiktUing ^em to 25®, 0®, and — 60®, detomined the very 
amounts of Sx that the solutions would now -dissolve bef^Bilbeff) 
became oame more saturated. As a result of a * jie«a®^hafejdaS)0®^l 
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phase-rule analysis of the data obtained, he excluded the possibility 
of subchloride formation. Further, having found that insoluble 
or amorphous sulphur is insoluble in cold sulphur monochloride, and 
assuming that such sulphur is identical with Sn (the form of sulphur 
present in equilibrium with Sa in liquefied sulphur), he concluded 
that the increase in the amount of sidphur that the solutions would 
hold after heating could only be explained on the supposition that 
a new liquid form, was present. Aten subsequently estimated 
the amounts of S,, present in liquid equilibrium sulphur at various 
temperatures {Z, phyaikah Ghem,^ 1913, 86, 10) and found a maxi- 
mum of 6*7% at 160°. This amount w quite insufficient to account 
for the large increases in the solvent power of sulphur-sulphur 
chloride mixtures found when such mixtures are heated and subse- 
quently chilled. For instance, a solution of sulphur in sulphur 
chloride saturated at 20° contains 17% of Sx; this solution, after 
being heated at 100° for a few hours, chilled, and again saturate^ at 
20°, will contain 31% of dissolved Sa. On Aten’s view, this eiafe 
ation of the solvent power must be due to the solvent’s effect on the 
internal equilibrium of Ihte dissolved su]|;]p|i£r^ cqiisic^:;aHe amounts 
of S, being formed. 

iff* Ate^% contention that subchlorid^ are not formed 
in sulphuTHSii^hur monoehloride mixtures becomes doubtful in the 
li^t of the work of Brufi and Golla (2. anorg, Chem., 1924, 138, 33) 
axid of Aiuadc»:i {AUi B. Atmd, Lmcd, 1919, 28, 217), who 

obtailied evidi^ace for the existence of subchloride mole- 

cules. We have therefore sought for direct phase-rule evidence on 
the question from a detailed study of solid-liquid equilibria in the 
and have determined (i) the solubility curve cff'sulphur in 
sulphur moi»X)hloride under conditions such tlmt the 
W ^ eootaiu only S*,. and (n) the temperatures 

^ sofait^ in 0), wfre after having 

heated to tfimperatures had 

|ii^ poached and then 

I mljSmt used was twice recrystallised from carbon disulphide 

m and dried at 90°, Tte sulphur monochloride was dis- 

m an. idl-glaBB apparatus from excess of sulphur, to ensure 
akmm dt di(ddoride, and dried o v«r aaMum chloride ; it distilled 
cowlaiitly at 138°. 

Temperatures of equilibrium between solid phases and solutions 
were determined by the synthetic method used in previous work on 
sulphur ^sterns (J., 1926, 1995 ; 1927, 493). The glass tubes were 
about 2 cm. in diameter and contained about 3 c.c. of solution. The 
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true solubilities of sulphur in sulphur monochloride (Sx only in 
solution) -were determined by warming the bulbs in a mechanically 
stirred paraffin-bath and finding in the usual way the temperatures 
at which the last small crystal was in equilibrium with the solution. 
Each bulb was then heated until internal equilibrium had been 
established at 100®, 148®, 178®, and 230 — ^235® in thermostatic oil- 
baths, Equilibrium (as indicated by unchanged solid-liquid 
equilibrium temperatures) was established in 4 — 5 hours at 100°, 
1-5 hours at 148®, and less than an hour at 178° and 230®. After 
the bulbs had been chilled by plunging them into ice and water (the 
230 — ^235® bulbs were chilled for 5 seconds at 100° and then put 
into ice), ciystaDisation was induced by cooling, in many cases 
seeding being necessary as well. A few of the solutions heated to 
148®, and many of those heated to 178® and above, deposited mono- 
clinic sulphur on cooling; this could be made to pass into rhombic 
by warming gently until almost all the crystals had disappeared and 
then recooling. The data obtained are given below. Solubilities 
are recorded as g. per 100 g. of solution. 

Table L 

Solubility of Sulphur in Sulphur Chloride, 


Temp. 


2° 

4° 

10“ 

21® 

28-7“ 

36-7® 

36-8® 

S,,%.. 

7-34 

10-63 

11-81 

13-52 

17-28 

22-50 

26-79 

28-12 

Temp. 

41® 

45-6® 

47-6° 

54-2® 

56® 

66-2“ 

60-2® 

61-8® 


34-91 

37-4 

42-64 

44-7 

44-Sl 

49-59 

61-^0 

Temp,' 


77-4“ 

82-4® 

83-6® 

86-8“ 

90*5® 

92-6- 

8. % .. 

60-73 

62-18 

67-fi 

73-46 

75-4 

78-16 

82-46 

83-4 

Temp. 

92-6® 

97-9° 


160-8® 

101-6® 

101-4“ 

110-3® 


s, % .. 

86-9 

87-97 

88-42. 

89-36 

90-63 

93-18 

97-02 


(mono) (mono) 

(mono) (mono) 


(mono) 



In Table II solid-liquid equilibrium temperatures are recordedlor 
solutions that had been heated at the specified temperatures and 
subsequently dulled. 

Table n. 


(a) Solid-liquid equilibrium temperatures aftea: preheating at 


100°. 
7emp. . 

....-30® 

-22® 

-16-6“ 

s. % .... 

11-81 

14*24 

16-75 

Temp. . 

.... 14-6® 

19® 

24“ 

S, 0 ^.... 

.... 29-29 

30-68 

34-91 

Temp. . 

.... 66-8® 

69-4® 

62-2® 

8 . 

.... 60-73 

62-18 

66-0 

Temp. . 

.... 85-6' 

90-8® 

94-4® 

8 , % .... 

.... 82-45 

85-9 

87^97 


. 11 ^ _5.3o 2,8*? 

17-28 20^32 21-91 24-86 26-86 

28-2® 32*^ 394*^ 46-5® 464® 

374 46-64 44-T' 61-2 51^7 

65-3® 70-6® 71-5® '74-8®';#^' 

67-6 70-46 73*4^ 764 > 

94-9® 974® 

88-42 89-^ . i 
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(6) Solid-liquid equilibrium temperatures after preheating at 


148®. 

Teibb 



.-18-S" —14“ 

-9-6“ 

-8® 

-4-6® 

-0-7® 

1® 

2-3® 

. 20-32 22-0 

24*86 

25-79 

26-86 

29-29 

3M 

32-29 

Tepap. 

6*5“ 17“ 

17-6“ 

22-8® 

27-8® 

34® 

36-2® 

36-5® 

S,% 

. 22-15 37-4 

37-96 

42-64 

44-7 

50-29 

61-2 

61-7 

Temp. 

. 46® 63® 

57® 

64-8® 

6S-5® 

70-4® 

73-2® 

80-6® 

S,% 

(mono) (rhom) 
66 

67-6 

(mono) (rhom) 
73*46 

76-4 

78-16 

82-45 

Temp 

s. % ........ 

. 80-8® 85-4® 

(mono) (rhom) 
85-9 

88-4® 

87-97 

79-6® 

(mono) 

88-42 

90-6® 

89^36 

109® 

97-02 




(c) Solid-liquid equilibrium temperatures after preheating at 


178®. 









Temp. 

S,% 

2-75® 

33*16 

5-0® 

34-64 

10-76- 

37-96 

12-0- 

40-96 

18-6- 

43-96 

23-5® 

46-97, 

26-4“ 

49-78 

28-0® 

61-46 

a 0/ 

/Q ai««# •« •• 

32-2® 

52-8 

38-0* 

67-39 

41-0® , 
61-31 

42-76“ 

64-76 

61-6® 

68-55 

62-8® 

73*45 

70-0i“. 

78-16 

85-9 . 

Temp 

S, % 

102-5® 

93-11 








(d) SoM-liqtdd eqtiilibiiia^ t^o^peratDies 
230— 23S®. 

after preheating at 

Tenqi. ...... 

ife-6- ' 

4i-6“ 

63-6® 

43-0® 68-6- 54-6- 68-6“ 

(mono) (rbom) (mono) (rhom) 

73-4® 

8, % : 

66-3 

61-31 

68-66 

70-43 

73-06 

79-13 


. abcTFe results are plotted in tire diagram ; some points have 
been,onntted on the sulphur side in order to ayoid confusing the 
ocdr^eB. 

Disaussion of Besults. 

It is necessary that the significance of the curyes in the diagram 
should be made quite clear. Currel is taken to be the true solubility 
tmm km in jccm^plications due to 

nefflapound bt iiitemal equiKMtm having been 

avoided by rapid vyorking. The curye is in good agreement vrith 
that of Aten (foe, eft.), whose points are indicated on it. Gurye II 
is related to I as fohovys : At any temperature a point on Curve I 
the amotot of su^tir that niust be added to saturate sulphur 
monodifeiide without complications. When such a solution is 
at^lW® and then chilled, the temperature at which it is now 
saturated with sulphur (or other substance capable of giving 
a caystalline solid phase) is given by a point on Curve 11 vertically 
below the first point on Curve L Curves HI, IV, and V are similarly 
related to Curve I. 

It win be seen that Curves II and HI show definite breaks in the 
neighbourhood of 0®. The lower portions in each case appear to be 



CONTAUSraG SimPHUB, PAST 3DDC. 


1789 


making for a maximum at a composition of about 34 parts of sulphur 
added to 66 parts of sulphur monochloride. This composition 
corresponds to a chloride S 4 CI 2 . The solid phases that separate 
from solutions below 0 ° do not differ markedly in appearance from 
rhombic sulphiir. That sulphur and sulphur monochloride are not the 
only substances present in the bulbs was shown, however, by op^iing 
them and removing the sulphur monochloride by means of a 
-mercury-vapour pump and an activated-charcoal trap cooled in 
liquid air. A viscous, yellow oil was obtained, together with crystals 
of rhombic sulphur. On treatment with Water, the oil gave h 3 rdro- 


1^0. 1 . 



30 60 70 90 

Sulphur (% hy weiyht). 


chloric acid with separation of sulphur, thus drowing the presence 
of a chloride of sulphur. This couH not be sulphur monoehlorMle, 
which by itself is entirely volatilis^ and ab^rbed under the 
experimental conditions. 

Confirmatory evidence that the portions of the Curves II and III 
correspond to a solid phase oiher than rhombic or monocfinie 
sulphur was obtained as follows. A bulb containir^ 30 parts of 
^phur to 70 parts of monochloride was sealed and mamtained at 
148" for 2 hours. It was then chilled in cold water and plabdd ih 
liquid air, a transparent glass being obtained. The bulb was 
and the mixture se^ed with crystals of ' rhombic and 
sulphur. ITo crystallisation occurred on warming’ 
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several times. A portion of the liquid contents of the bulb was now 
placed in a Dewar flask and stirred with a few drops of liquid air. 
After the latter had evaporated, the glassy mass softened and finally 
crystallised. A small portion of this crystalline mass was rapidly 
laransferred to the bulb, which had been kept in liquid air. The 
contents of the bulb now crystallised on warming, a precipitate of 
small prisms melting at about 0° being obtained. Cooling of the 
bulb after these crystals had melted did not lead to separation of* 
solid phase unless the liquid was seeded as before ; the small crystals 
of rhombic and monoclinic sulphur originally added to induce 
crystallisation persisted, however, throughout. The same results 
were obtained on repetition several times with each of two separate 
bulbs. 


It would thus appear to he established that at least one sub- 
chloride of sulphur is formed in heated solutions of sulphur in sulphur 
monochloride, and it is no longer necessary to suppose with Aten 
that unusually large amounts of forms of siilphur other than Sa are 


formed in such solutions. 

It is su^ested that the formtda olthe new subcfaloride is S 4 CI 2 , 
althou^ th^ is no aYails^ble as to its molecular weight. 

The simjdteet formula S^Cl 'may he excluded on valency ground^^ 


S 4 CI 2 may reasonably be regarded as 




oi 


its tow Tolatilily may be iioted (eompaie Sidgwick, “ The 
l^ecixonio Tbeoiy of Valentg^,” p. 123). 

Lovxy, McHattcm, and Jones (J., 1927, 746) have examined the 
'vhdb system solphnr-cMorine. Unfortunately their results for 
ilie pcstlon of the ff^stem vdtii which we have been concerned are 
given as a diagram without numerical data. We have ^^ulated 
one a. point on if 

our c ur ve lac aeilafioa|. iiem.\|c4l|eAted at 100 ° (see 

dteg^am), as woold h» j^ueaz solutions 

ifap^lipate&jdi, $ 6 ° for a time before equilibrium temperatures were 
.jg. ,753). Aten’s sdubilitieB {Z. physikal. 

diagrajB, wh^ it will lb^ 
Bean Ifcat his pdo^ lie satisfactcn^ on our curve at the hi^er 
tfSt^peBatinee. It may he noted that the statement of iowiy, 
HftH at twi., and Jones that, after being heated to 170°, sulphur 
disadLves pemanenify in sulphur monochloride {he. eit., p.. 753) is 
inooozect in the light of the data given in Table II (c and d). Even 
after pr^eating at 230 — 235°, it was possible to determine equil- 
ibrium tempraatuies down to 36’6°. The new chloride, S^OI,, could 
not, however, be obtained as a solid phase from solutions preheated 
at 178° or 235°. 
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The data from the experimeni® with mixtures preheated at 178° 
and 236° show that the enhanced solubility effect falls off as the 
preheating temperature rises, and that it is actually reversed at the 
highest temperature. The following table gives the solubility of 
rhombic sulphur at 60° in solutions that have been preheated at iP® : 

T® — 100® 148® 178® 235® 

S, % 39*6 54-5 62 68 66 

In conclusion, it may be mentioned that solutions containing 
26—40% of sulphur developed a distinct cloudiness when super- 
cojofed to — 76° after preheating at 148°. The opacity disappeared 
aJtrabout — 60° to ^ 50° on raising the temperature and appeared 
to be due to the separation of minute liquid droplets. It is thus 
ameta^teble two-phase (liquid-liquid) region had been 
entered^ The high viscosity of the solutions prevented adequate 
ti^tation of the liquid, so the olearmg temperatures could not be 
accurately observed. 

The authors wish to acknowledge a grant from Messrs. Brunner 
Mond and Co. which has partially defrayed the cost of this 
investigation. 

The Dyson Pebbins Labobatoby, 

OxEOBD. \Ueceivedj May 1928.] 


CCXXX . — Effects induced by iAe Phenyl Group, Part I, 
of Polar Beagents to Styrene and the 
Be%amoufhf%4 Halqgef^^ Ethylbenzenes. 

By dPBAiJK Ashworth mA Qhobqb Nobman Burrhardt. 


One of the most striking exceptions to the Markownikoff rule was 
described by Posner in his work on the addition of phenyl mercaptan 
to double bonds {Ber,, 1905, 38, 646). He allowed various unffjnnt 
metrical unsaturated compounds to remain in contact with phenyl 
mercaptan and oxidised the sulphides produced to sulphones. These 
he compared with the sulphones obtained by the action of sodium 
benzenesulphinate on the bromide which was formed by the addition 
of hydrogen bromide to the r^pective unsatuirated hydrocaxbons. 
In each case the products from the two methods were different. 
He assumed each to be a pure substance and deduced that phenyl 
mercaptan added in the opposite sense to hydrogen bromide ; 

CHPhBr-CHg ' 

(i:) 

CHgPh-CSHj'SPh <3H,PfarCI%^J^ 

, ,(n.) 



^hrCHg 
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He does not record tests to establish whether any of the 
wrare mixtures, and assumes that , the Markownikoff rule o s 
perfectly for the addition of hydrogen bromide. It is not e ^ 
the oases of trimethyiethylene and camphene, that ™ ^ 
material was pure and he notes that the same product was ob 
in good yield from crude amylene as from trimethyiethylene, o 
present investigation was primarily designed to test his cone 
in the case of styrene, where the pure hydrocarbon was reaemy 
available, but it was also necessary to examine the evidence on the 
efieets induced in the side chain by the phenyl groups and partio y 

the mode of addition of hydrogen bromide and other polar reagaats 

to styrene. 4 . 4 . j -u 

The addition of hydrogen bromide to styrene gave, as stated by 
Schramm 1893, 26, 1710), only a-bromoe^ylbenzene. The 
product was compared with the bromides obtained from pheny ^ 
methylcarbinol and phenylethyl alcohol. ■ ' ' 

The addition of sodium bisulphite to styrene had previoudy been 
efiected at 100 ^ by Miller 1877, 189, 340), bpt he d^d not 

identify the product. The reaction of ammonium bi^pMte in 
cold dilute aeneous solution with styrene emulsified in it with 
jpEnIkec and liapworth, J., 1925, 127, 307) gave in 10 
days a 10 % yield of pure ethylbenzene-a-sulphonate, identified by 
compariBon with the synthetic sulphonates obtained by the action 
of boiHug aplpbiteon the ot- and p-bromoethylbenzenes. 

These, are considered to take place by the combination 

oi proton with the more anionoid carbon atom in the hydrocarbon 
{Eolker and Lapworth, foe. cii.; Lapwortb, Mem. PM. 

8 foc., 1925, 69, xix ; Robinson, J., 1926, 402). It must be assumed 
-^ 1 © mo^ anionoid centre in styrene is the c»)**carbQ?i^ W 
order to additions and also such reactions as : , 

' .g^^^h{G*H4*OH)‘(2B[8 

( 1 ) 

CHPh:0H-N^0j 

m rnmem, Gmft. rmS,, 190?, 146, 811; (2) Ingte. J. Soc. Ojitnh 
a* 581; (3) 1^1* 84^ 3894; (4) Hofmann, Annalm, 

ajyil ^ of oi^ln of this sdective anionoid activity shows 

what secondary effects are likely to be observed. 

It is widefy accepted that the general electrical effect of a group is 
to be estimated by a consideration of the dissociation constants of 
carbosylic acids, particularly those of acids in which conjugation 
can play little or no part (Eliirsoheim,J., 1909,95,718; G.N.Lewis, 
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J. Amer. Chem, Soc.^ 1916, 38, 762; Allan, Oxford, Eobinson, and 
Smith, J., 1926, 406). The constants of a suitable group of acids 
make it clear that, xinlike saturated aliphatic or alicyclic groups, 
phenyl has a stronger attraction than hydrogen for electrons 
(negative general effect) : 

K,10-K X.IO-s. 

Acetic 1*82 i^enzoic 6-5 

Pircpionie 1*31 Thenylacetio (?) 5-3 

(^c&Hexaziecarboxylic ... 1*32 Phenylpropionic 2*3 

The general effect on the constant of benzoic acid will be ^atly 

reduced by the conjugation ^^^CO*OH (IV), but may be 

Bctoewhat increased by the steric effect of the phenyl group. The 
Steric effect is, however, comparable in benzoic and cycfohexane- 
carboxyKc acids and both the steric and the conjugative effect are 
probably negligible in p-phenylpropionic acid, although here the 
general effect is also reduced by the length of the chain. 

The chief result of this general effect on the aide chain, apart from 
the conjugative effects which it may start, would be to make the 
P-electrons more available than those on the a-atom, but it is super- 
imposed on any conjugative electronic displacements, in the manner 
discussed by Lapworth and Eobinson {Mem. MamJmUr Phil, jScc., 
1928, 72, 43) in their consideration of the o :p ratio in aromatic 
substitution. : < 

EoilF types of Aon|ugative electronic displaoemeat affecting the 
reaction^' of iM ^dex^h^in. are possible : 



None of the known addition reactions (with the possible exception of 
that with phenyl mercaptan, which will be disousaed Itter) requires 
phase (B) (the direction of polarisation ^diich wotild be initiated by 
the gen^l effect due to the phenyl grbup); which would be 
relatively inactive to kationoid reagents, as the aidonoid activity of 
the a-carbon would be reduced by the hioldmg in of tibe eteetrons ^ 
that atom by the attraction of the pheoyl ^up (genial effie?S> mi 
also by the steric effect of the phenyl group. One 
anticipate that in this |has6 and in (D) the «e-atoin. would 
charge by conjugation wilh the nucleus, althot^thelS'^^i^Plli^ 
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and Thorpe on conjugated systems, of Scarborough, of Turner and 
of Kenyon and their collaborators on substituted diphenyl com- 
pounds, suggests that the transmission of such polarisations is not 
necessarily Trery complete. 

The polarisation in (D) is directly opposed to the general efEect 
and if it is initiated by an increase of covalency between the nuclear 
and the a-carbon atoms it approximates to phase (C). These are the 
phases which have the anionoid <o-carbon atom indicated by the 
reactions of the side chain, and something approximating to (C) 
must be considered the normal active phase of styrene. 

This polarisation will not, however, explain the o-p-substitution 
in styrene and its derivatives, and the general ejBEect of the vinyl 
group win tend to inhibit o-p-substitution, as this group has a greater 
attraction than hydrogen for electrons. This is clearly shown by 
the dissociation constants : 

K . 10 -- 5 . 'K . 10 - 5 . 

Acetic acid 1*82 Vinylacetic acid 3*8 

But^cacid 1-47 Crotonic acid 2*2 

(N.B. The general effect in crotomc add is reduced by con** 
Jugation as in benzoic acid; ccnnpare above.) 

lite tendency to conjugate in the direction of (C) and (i>) 
and the attraction of the side chain for electrons will be increased 
in such derivative of siyrene as ca-introstyrene and cinnamic eter 
and yet even in these case o-p-substitution predominates. Xt can 
only be asSimmd that in styrene and all these derivatives there is 
Bcsne tendrascy to polarise in ihe manner (A) and this will have an 
- activadng effect on the o-p-positions, whereas the opposite polaris- 
atioiri^aiid the general effect will reduce the activity of all the 
Hence the polarisation of type (A) wih £s(p^tate 
oidinaiy in the nucleus and those of type (0) vM be 

more inell nuci^ fsA substitution be facilitated only 
in the c^pomtion. Tli& id in keeping with fact that styrene is 
pkMm position first. 

It Is tiiat the detailed application of these theoretical 

be ^oaiade etessu^ by experhnents which are in 
piugress wilhderivaMtesof slyrene contaihii^ substituents both in 
thesiieehaiaand in tibe nudbus. 

' Ancstiber type of evidence on the effects induced by the phenyl 
groldp was obtaimd by the action of boiling aqueous-alcoholic 
cSusiic potash on the halogenated ethylbenzenes. Under these 
conditions a-bromoethylbenzene gave quantitatively phenylmethyl- 
carbmol; p-bromoethyibenzene gave only styrene; and styrene 
dibromide gave pure a-bromostyrene. The last fact was proved by 
hydrolysing the product with formic acid, isolating the aceto 
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phenone produced in 92% yield, and showing that co-bromostyrene, 
which is inert towards formic acid, was absent from the residue. 
This is contrary to much previous work summarised by Nef 
(AnTtaUn^ 1899, 3(®, 273) as follows : 

“It is obvious that alcoholic potassium acetate, water at 
190°, and alcoholic potash with styrene dibromide all give a 
mixture of ot- and w-bromostyrene, since the product has not a 
constant boiling point and gives phenylpropiolic acid on treatment 
with sodium and carbon dioxide. This can only be derived from 
co-bromostyrene.” 

It was found, in the present investigation, that the boiling point 
rose rapidly from that of a-bromost 3 ncene to that of unchanged 
st 3 ? 5 Pene dibromide. The residue of the latter would account for 
the production of phenylpropiolic acid. 

Neither a- nor p-bromoethylbemene was reduced by hydriodic 
acid at 160° after four hours. 

Ward has shown (J., 1927, 445) that the displacement of halogen 
in a-chloroethylbenzene is independent of the concentration of 
sodium hydroxide used and up to 50° gives phenylmethylcarbinol 
wiih optical inversion, but at 100° styrene, phenylmethylcarbinol, 
and flca'-diphenyldiethyl ether are formed. These facts he explains 
on the basis of a slow unimolecular reaction formulated in the way 
suggested by Nef : 

CeHg-CHaCHa — > + HGl 

to followed by either (1) the addition of water, 
or (2) isomerisation to styrram, or. (3) aiMtion of phenylmethyb 
oarhinol. He comments on the meehauism previoudy discussed by 
Phillips (J., 1926, 127, 2667) dependent on the production of 



ion, but he retains the conception that, in such an ionisation, the 
hydrogen atom accompanies the halogen ion. 


1^2 ^*2 ^ ®'2 

R :c:h — > R 3 :c- + H:a: not e^:o:h + :oi: 

:ci: 

• * 

The myeraion in the foimation of phen3rlinethylcarhinol ooidd he 
accounted for (compare Kaoher, Ber., 1907, 40, 489 ; Ijapvorth w»d 
Mottram, Mem. MaTuihest&r Phil. Soc., 19^, 71, 63) if the xemio'^ 
of the halogen ion Avere dependent on one of the frequent aj^rda^ea 
of the'itrater or other aolvent moleoulea, to the aide of the aHsarbcSek' 
atom away from the halogen, occurrmg simultaneoualy 
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polarisation of the molecule sufScient to ionise tlie halogen under 
the^ conditions. This mechanism would also account for other 
observations which Ward discusses, namely, that solutions of potasi^- 
ium cyanide, ammonia, and potassium acetate in ethyl alcohol all 
give a-phenyldiethyl ether as the main product. 

Many investigators (compare Ck>nant and Kerner, J, Amer, Chmi. 
Sod., 1924, 46, 232) have observed that phenyl and carbonyl groups 
have simiiar effects on the halogen atoms in systems of the form 
R-CCHgla'Cl (E=phenyl, carbethoxyl, etc.), phenyl being less 
powerful than any carbonyl group, and the results of the present 
investigation also show such similarities. It is to be noted from a 
theoretical point of view, however, that while the general effect of 
phenyl and carboxyl is in the same direction relative to hydrogen, 
the conjugative effects will depend on the nature of the side phain 
and the various factors may operate in different ways in different 
reactions of halogen atoms in the side chain. The a-halogen in 
alkylbenzenes forms with the nucleus a type of allyloid 
^Br 

— ^ (YJ and Si^ith, loc. cU.) 


|)eiarisalion<^ Ih^ nucleus assists the tendency of tibe 
halpgeff atom to sP^pa^te^ With a negative charge. This is in adcord 
with the results of the investigations on the hydrolysis of siibstituted 
benzyl halidesi {Ann. Beports, 1927, 24, 155), and also with the 
capacity of the phenyl group for stabilising a positively charged 
a-earbcm W^hidh is cdearly shown in the positive triphenyhnethyl 

Urn: * Thd oppositei polarisation (type A, p. 1793) and the gmeral 
eSedt mayacobnntforitslesspowerful effect in stabiiiriaig a negative 
eiiarge in the sodium derivative of triphenylmethyl. 

In the c^ of the p-halogenated ethylbenzenes the effect (A #4 
phe&yl 'groi^ to tibe halogen atom, here sdftobted from it by two 
bonds, appears to slight, judged by low reactivity to 
potaesium iodide in acetone (Oonant and Kemer, Zodl Asktming 

that the sepaxatbn of the halogen ion is the first process in the 
producfjon of styztoe by the action of aqueons-aleoholio potassium 
hydroxide on ^bromostyro this reaction will he dependent on 
the ease with which the dectrons of the oc-carbon atom co-ordinate 


with the i»-atom to form the double bond, as well as on the ease with 
the halogen atom * removed- The conjugation with the 
nwdetis (type 0, p- facilitate such co-ordination and the 

r^novsd of pfotoh wiS'fbllow. On the other hand, this reaction 

may be depmident on the tendency of the a-hydrogen to ionise, 
which will be increased by the opposite type of polarisation and the 
general effect. 
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The repetition of Posner’s experiments gave the products which he 
obtained, and the sulphone from the addition of phenyl mercaptan 
to styrene was identical with that obtained by the action of sodium 
benzenesulphinate oh p-bromoeihylbenzene. The sulphide obtained 
from the addition alk> shown to contain less than 2% of the 
a-isomeride, by comparing the boiling point and refractive index with 
those of the* two synthetic sulphides. It is therefore clear that 
phenyl mercaptan adds to styrene in the oppo^te sense to hydrogen 
bromide other polar reagents, and the theoretical considerations 

which satisfactorily correlate those normal additions will not serve 
in' this case if the reaction takes place between the polarised ethylene 
bond and the hydrogen and thiophenoxide ions. 

Ina search fbr othar evidence in favour of a speoialmechanism for 
diis reaction the cour^ of the additkni of phenyl mercaptan to 
styrene was followed by ofesCrvatiohs ^ the very large contraction 
in Yolutne which takes place during the reaction and also by deter- 
minations of the depr^ion of the freezing poiht of benzene caused by 
mixtures of phenyl mercaptan and styrene. The rate of addition is 
greatly dependent on the intensity of illummation, and the increase 
in fife|>roduced by exposure to sunlight continues for some time after 
the reaction vessel is returned to difiEused light ; but the reaction was 
not stopped in the dark and the product was always phenyl p-phenyl- 
ethyl sulphide. A small percentage of piperidihe had such a 
powerful retarding action on the addition that no change in volume 
was observed in diffused daylight even after several days, although 
a cohtr^^lS^ffdi^ pkde in sunlight. The action of light is well 
known to produce C^f^^ihance abnmmal polarisations and depcSaris- 
ations in a wide range of reactfom, ^nd experiments are in progreds 
with a view to obtaining evid^cO in favour of oUe or othw of the 
possible alternative mechanism^ for the interaction of mercaptans 
with ethylenic hydrocarbons. 

A remarkable isomerisation was observed in an attempt to pre- 
pare phenyl- p-phenylethylsulphone (III) by reducing phencwjyl- 
phenylsulphone (VI) vdth 2 smo amal^m and hydrochloric acid : a 
liquid sulphide was obtained which on oxidation with hot chromic 
acid was converted into phenyl-«-phenylethylsulphone (I). A 
similar migration of groups takes place when co-bromoacetoph^one 
is heated with yellow ammonium sulphide (WQlgeiodt, jBer., 1889, 
!22,634:). 

(VI.) COPh-CJHa-SOaPh— > (H.) or CHPh(GH 3 )'SPh (Vli.) _> (l:) 

: ExpEEIMENTAL. ' h ^ 

Pr^^tion of tM Monohalogm Derimtives of 
Phen^ethylcarbinol (b. p. lOO^lS mm.; 3 : 
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ua. p. 95°), made by the action of magnesium phenyl bromide on 
acetaldehyde, was converted by gaseous hydrogen bromide into 
(x-bromoethylbenzene. This, by the action of silver acetate 
suspended in ether, readily yielded phenylmethylcarbinyl acetate 
which on hydrolysis gave the carbinol free from any detectable 
proportion of p-phenylethyl alcohol, as was shown by the properties 
of its 3 : 5-dinitrobenzoate and the entire absence of the fragrance 
associated with the isomeric compound. 

The p-chloroethylbenzene used in some of the experiments 
described later was made by converting glycol chlorohydrin into its 
p-toluenesulphonate and leaving this in contact with a cold ethereal 
solution of magnesium phenyl bromide for 36 hours; about an 
equal weight of a liquid, which was probably ethylene chlorobromide, 
was also produced (see Ferns and Lapworth, J., 1912, 101, 273). 

^-Bromoethylbenzene was made by heating P-phenylethyl alcohol 
with constant-boiling hydrobromio acid for 24 hours; it had b. p. 
97°/12 mm., and was quite free from the pungent odour characteristic 
of the oe-bromo-compound. 

Action of Aquems-alccJi^ic Potacmm By^roddie cm Isomeric 

b^ when heated on the 

^ilar conditions with aqueous-alcohcdiQ 
(about 0-4tN), lost all the halogen (as deter- 
mined by the demease in alkaline titr^) within 30 minutes^. In the 
pEodaet from the a-bromo-compound, no styrene whatever could be 
detected. The product from the p-bromo-compound was almost pure 
Slyregae and absorbed brcnaine (1 mol.), yielding styrene dibromide. 

AMUim Seaclions of Styrene. — ^The styrene was made by 
Howaard’s method from cinnamic acid {J., 1861, 13, 1^)1 
(A.) of hydrogen bromide. A mixture of styrene and a 

ooM satei^ated solution of hydrogen bromide in glacial 
kept ov@r-night and then poured into water, and the oil obtained was 
distilled (b. p. 96°/15 mm.). The product <x-bromo- 

e^hjibenzena, as it wae converted, by means of silver acetate and 
into phenyhnethylcarbinol which gave the 
5^dinitrobenzoate (m. p. 96°) and had no detectable 
of, the womexio p-phenylelhyl alcphol (3 : 6-dinitrobenzoafee, 
ifljS®). , 

? (B*) . €tmm(m%wn hydrogen su^hUe. An emulsion of 

g.) with .^/i-ammonium hydrogen sulphite (2 L) and 
tdase^^uhr (100 g.) with frequent shaking for 10 days. 

After filtapation the liquid was bc^ed with excess of barium hydroxide 
until ammonia was expeDed and worked up for soluble salts (com- 
pare J., 1925, 127, 307); 8 g. (yield, about 16%) of colourless 
barivm were obtained in bundles of small 
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needles [Found: HjO, 6-8; Ba (in anhydrous salt), 27*1. 
(C8H8S08)2Ba,2His0 requires H2O, 6-6%. {C8HsS03)2Ba requires 
Ba, 27*0%]. No alkyl sulphite could he detected (compare he. dt.). 
A portion of the salt was converted into the amide, which separated 
from alcohol in fealhery crystals, m. p. 121®. 

The sulphonic derivatives were identical with those obtained from 
the ammonium salt produced when a-bromoethylbenzene was heated 
with aqueous ammonium sulphite for several hours (Found for the 
barium salt : HjO, 6'9 ; Ba, in the anhydrous salt, 26*8%. Amide, 
feailisry crystals, m. p. 121°, mixed m. p. 121°). 

As a-bromoethylbenzene shows little or no tendency to become 
converted into styrene, the fm^oing results indicate clearly that 
the sulphonic salt from styrene and hydrogen sulphite is the a-deriv- 
ative of ethylbenzene. The conclusion, however, was checked by 
preparing the ^-sulphonic acid. 

^-Bromoethylbenzene (8 g.) was boiled with aqueous ammonium 
sulphite, and the solution worked up as usual with barium hydroxide. 
Barivm fi-phmylelMnesiiJ^Jumate (5 g.) was isolated in large, glisten^ 
plates (Found: BigO, 34; Ba (in anhydrous salt), 26-8. 
(Cp^08)2Ba,H20 requires HgO, 34%. (GgEgSOslgBa requires 
Ba, 27*0%]. The suli^onamide melted at 124°. 

(G.) Addidon i^. phenyl mercaptan. The product obtained from 
styrene ujud ;|^enyl mercaptan by Posner’s method {he. eU.) gave, 
on oxidation with cold dilute potassium permanganate solution and 
autd, the pure ^-sulphone, m. p. 56 — 57°, idmtiqal 
.ft-bromodhylbemmie. 

: Phe^ «- aaJ^^Sni^Ef^l unlphides and the sulphide obtained 
the ped#et were unattacked by hot 

potasnum pmmangamite, even when it contained 
manganese diozide in suspension. The addition of bromine or -of 
excess of dilute sulphuric acid caused rapid reduction of the 
manganate. If the oxidation was carried oxit hot, a mixture of 
phenaoylphenylsulphone (VI), m. p. 94 — 96°, and {dienyl-^-phenyl- 
ethylsulphone was obtained. 

Phenyl-P-phenylethylsulphone (IH) was prepared from ^-breuno- 
ethylbenzene by boilmg with an alcoholic solutmn of sodium 
benzenesnlphinate for 12 hours and separated from carbon teka-, 
chloride in feathery crystals, m. p. 56 — 67° (Found : S, 13'2. Gale, 
for CuHuOgS : S, 13-0%). The sulphones could not be prepared' 
from the chloroethylbenzenes, as the a-chloio-compound was con- 
verted into styrene and the p-isomeride was unchanged. 

Jj^ure phenyl a- and p-phenylethyl sulphides were prem^d^^^, 
hea^^ sedium thiophenoxide (1*1 mols.) in alcoholic solu^gi^l^Si^., 
a- or p-bromoethylbenzene (1*0 mol-), pouring the suzt^j^g^ 
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water, and extracting the product with carbon tetrachloride. The 
sulphides were distilled, heated for J hour under reduced pressure at 
100^ in a stream of carbon dioxide, and redistilled. The «-oompound 
had b. p. 163 — 164^/15 mm. and nj^ 1-6042 ; the p-compound, b. p. 
188—189716 mm. and 1-6082. 

The whole product of the reaction between styrene and phenyl 
mercaptan was washed with alkali, dried, and fractionated. The 
distinction between imchanged styrene, sulphide, and a small 
residue (probably metastyrene) was clearly marked. The middle 
fraction (yield, 90%), b. p. 187 — 190®/16 mm., heated in a stream of 
carbon dioxide under reduced pressure at 100*^ and refractionated, 
ga^e the following refractive indices : first 6 drops, l-6079;'9 cio,, 
1*6082 ; 2 droj®, 1-6086; residue, 1-6088. Inactions 1 and 2 after 
r<^itotionation gave: first 2 drops, 1-6073; 10 drops, 1-6081; 
thirteenth drop and the remainder, 1-6082. This indicates less 
than 2% of a-isomeride in.the product. * ^ 

. Ex^permenis on, the vdc^ity of the reaction, and photocaMg^is, 
lyaimg the reaction of styrene and phenyl mercaptan a 10% 
contraction takes place, and the course of the reaction was followed 
laf oooVoog ^ of sfrjr^ne'(ll e.o.) and 'phenyl mercaptan 

(10 C.C.) in a glass %tibe {6-2 to 0-6 cm. bore) in running water, 
lam cff the meniscus, sealing the tube, and marking 
iSab from time to time. As the velocity is influenced by light, 
the two Reagents were distilled in only the light of a Bunsen flame 
was distilled in hydrogen to prevent the formation of 
disu}|hide), and two tubes were prepared as described above, marked 
eesied in a similar light, and left in a dark room. The part 
if each i^be containing the liquid was kept inside rubber tubing down 
whkh water was running and the subsequent marks were made with 
a mituMHm light in the dark room. The two r^tionsprc^^epded 
at the rate. ' After 17| hours one tube was taken into sunlight, 

fee being eontioued. The contraction W€^ nearly 

is next 16 minute and was practically complete aft^ 
1 homr. The oth^ tube in the dark showed no signs of reaching 
Ihsi'iamd Mmtt after 3 weeks. 


0-1 1-5 2-5 14-0 17-6 17-75 18-0 18-25 

'tadfe 0-6 (h^6 hQ6 2-16 2-36 4-0* 4-4* 4-7* 

CSpokadm m 

mbe H iu dark 0-8^ 0-8 1*1 2-15 2*3 

Tt&e((kiy5) 1-6 " 2-6 3-5 4-5 6-6 8-6 22*5 25-5 

Contrsctiou (cm.) in 

tube I in light :4-9, 4-9 4-9 

Contraction (cm.) in 

tube n in daa* 2-0 2-95 3-25 3-4 3-6 3-76 3-8 3-8 


* Xnaonlight. 
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The phenyl mercaptan remaining in the reaction carried out in 
the dark was extracted in alkali and the sulphide which was distilled 
out of the residue was shown to contain no detectable amount of 
the oc-isomeride by determinations of the refractive index and boiling 
point. 

A side tube was inserted about 70 cm. from the lower end of the 
reaction tube, the mixture was introduced until it overflowed from 
the side tube, and a similar experiment was carried out entirely in 
the dark. The speed was similar to that in the previous experi- 
ments before taldng into sunlight. 

Cryoscopic evidence on the course of the reaction [with Cecil 
EoBms]. The freezing points were taken of solutions of phenyl 
mercaptan and of styrene in suitable amounts of benzene, and also 
the freezing points of the mixed solutions, with a view to deter- 
mining whether any considerable amount of association took place 
quickly, followed by a photocatalytic depolarisation. No such 
association was observed and the rate of combioation appeared 
to be in agreement with the Yelooity measured by contraction. 
5a j, this case, however, it was clear that the reaction did not 
slow down again at once when the tube was returned to diffused 
light. 

Action of Alcoholic Potaasium Hydroxide on Styrene Dibromide . — 
Styrene dibromide (Glaser, Anncden, 1870, 154, 164) (26*4 g.) was 
boiled in alcoholic solution with potassium hydroxide (I mol.), the 
distillation, and the oily product distilkd in a 
vaeuuni^^' yrm obtained between a-bromost 3 ^ene and 

str^ene dibromide. f.,. 

43%i$iE^uct was almost instantly attacked by boiling formic aci4, 
the odour of acetophenone becoming p^o^tiWe. As p-bromo- 
styrene was found to be very stable towards boiling formic aeidi 
undergoing but slight hydrolysis after 20 minutes, this observation, 
which finds a parallel in the ready hydrolysis of a-chlorostyr^ie by 
hydrochloric acid, suggested a means of detecting P-bromostyrene 
when mixed with the ot-isomeride. 

0*774 G. of the lower-boiling portion of the product from styrene 
dibromide was boiled for about 6 minutes with fonnic acid, and, 
sodium acetate and semicarbazide hydrochloride were then add^.; 
acetophenonesemicarbazone (0-663 g. ; S2% of the theoretical yi^) 
was deposited. It is evident that at least*S2% of the oil consist!^ 
of «-bromost 3 rrene. No trace of p-bromostycene (easily detected by 
, its powerful hyacinth-like odour) could be found in the liquor 
the acetophenone had been removed. As a small quantity of 
unchanged styrene dibromide was present, having ecqaj|edri|^ 
fractionation process, it is clear that removal 
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bromide from styrene dibromide takes place almost solely in one 
direction. 

The authors gratefully acknowledge their indebtedness to 
Professor Lapworth for suggesting this investigation and for his 
advice and interest in it. 

The University, Manchester. [Received, March 29th, 1928 .] 


CCXXXI . — The Influence of the Intensity of Illumin- 
ation on the Velocity of the Photochemical Union of 
Bromine and Hydrogen^ and the Determination of 
the Mean Life of a Postulated Catalyst. 

By Frank Briers and David Leonard Chapman. 

In a previous communication (Briers, Chapman, and WaJt^s, J.j 
1926, 562) experimental evidence was submitted in support of the 
contention of Berthoud and Bellenot {Hdv. Chim, Acta, 1924, 7, 307) 
that the rate of photochemical interaction of iodine and potassium 
oxalate in aqueous solution is proportional to the square root of the 
intensity of illumination. Formerly, it seemed to be not improbable 
that all photochemical changes would be found to be strictly 
proportional to the intensity of the light {vide Draper, Phil. Mag., 
1843, 23 , 401 ; M. C. C. Chapman, J., 1923, 123 , 3062; 1924, 125 ,. 
1521 ; Kornfeld and Muller, Z. ^hysikal. Ghem., 1925, 117 , 242), and 
clearly this must always be the case when the “ quantum efficiency 
is a true constant. However, Bodenstein and Liitkemeyer (Z. 
physiked. Ckem., 1924, 114 , 208) have recently announced that the 
rate of union of hydrogen and bromine in the light is propadKojaal 
to the square root of the energy absorbed when the intensity^wll^e 
light is kept constant. It is therefore not improbable that the rate 
of this gaseous reaction is also proportional to the square root of the 
intensity of the light. We shall show that this assertion of Boden- 
stein and Liitkemeyer is true without considerable error under 
suitable conditions. In addition to investigating the dependence 
of the rate of the change on the intensity of illumination, we have, 
as in the action of iodine on potassium oxalate, determined the mean 
life of the postulated catalyst on the concentration of which the 
rate of the change depends, and the principle of the method employed 
for this purpose has been the same as that adopted in the case of the 
other reaction. 

Ex.^brimental, 

The mean life of the catalyst was estimated by determining the 
hydrogen bromide formed when a mixture of bromine and hydrogen, 
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of constant composition and enclosed in an appropriate actinometer, 
was exposed to intermittent light of constant intensity in such a 
manner that the period during which the mixture was in light bore 
a constant ratio to the period during which it was in darkness. In 
these circumstances, the amount of chemical change per unit of 
radiant energy supplied is dependent on the length of the equal 
short periods of illumination. From the quantitative relation 
between the frequency of illumination and the chemical change per 
unit of energy supplied, the mean life of the catalyst can be 
determined. 


Fig. 1. Fig. 2. 



The actinometcir (Fig. 1) was made from a wide glass tube, cf 
2*20 iiitefrial diameter and 8 cm. long. The mixed gases 
entered tiie actinometer through the capillary tube, Cj^, and escaped 
throujgh the capillary tsbie The ground glass joints at and 4 
ssar'ftii to comiject ^SbcHi^met^ with the apparatus employed to 
analyse its contents at the end of an experiment. ^During an 
exposure of the actinometer to light it was immersed in the vapour 
dr lidiling dimethylaniline contained in a wide tube of pyrex 
(nc^ &own in the figure) which was kept in position by the stopp^ 
Tldends of the glass crosses at/^ and/^ touched the sides of Uie pyrex, 
tube and served to keep the actinometer centrally in the same fixed 
position. . 

After the actinometer had been filled, its exposure to intennifient 
light was accomplished in the following maimer. The insolat^^tWS#., 
^as screened by blackened asbestos board so that no 
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eziter it except that wMcIi had passed through sectors cut out of a 
rotating disc of stout cardboard and through a plate-glass Trindow 
of the same shape as each of the sectors. The disc was provided 
with eight equal sectors, each being 8 cm. long and situated 3/t a 
mean d^tance of 21 cm. from the centre. The sectors were at equal 
distances from one another, but the angle subtended by each sector 
at the centre was changed whenever it was desired to alter the ratio 
of the periods of darkness and illumination. The pyrex jacket was 
placed as near as possible to the plate-glass window in such a 
position that the whole of the mixture in the actinometer was 
equally illumiHated, The source of illumination was a 1000-watt 
incandescent-hlament lamp, placed at a horizontal distance of 
30 cm. from the reaction vessel. The light from the lamp passed 
through an aperture of appropriate shape in a large piece of stout 
sheet-iron which was placed immediately in front of the lamp, the 
aperture being of such a size that its penumbra was outside the 
plate-glass window. The current supplied to the lamp was" main- 
tained constant with a rheostat worked by hand, and was recorded 
by a mirror galvanometer. The rotating disc w;as placed as near as 
possible to the plate-glass window. The shadow cast by the edge of 
a sector was quite sharp, but there was some error, which could 
neither be avoided nor estimated, occasioned by reflexion from the 
inner wall of the glass bulb of the lamp. The lamp itself was placed 
in such a position that its incandescent wire subtended in a plane at 
right angles to the top edge of the window the minimum angle at a’ 
point in the actinometer. The disc was kept in rotation by means 
of a geared motor, and in some of the experiments in which the 
rotation was slow, by a clock. 

The filling of the actinometer with the mixture of hydro^p and 
bromine was accomplished with the apparatus shown in 
hydrogen was |»epared by the electrolysis of an aqueous sointion of 
baryta contained in the large eleckolytic oeU, A, an^ w^.&eed from . 
excess of water vapour by passage through a glass wonn» 
surrounded fay water at a temperature 2° below that of the laboratory. 
The oxygen was removed by passing the gas through a quartz tube, 
S, filled with palladised asbestos and heated to redness, and, the 
water formed was condensed in the worm, 6, which was kept at the 
same temperature as a. The mdlst hydrogen then passed slowly 
over a large surface d pure liquid bromine contained in glass 
vessels, three of whioh are shown diagrammatically at apd 

The hydrogen thus saturated with bromine and almost saturated 
with water vapour then passed through a long glass worm d 
immersed in a thermostat kept at 12^. The issuing hydrogen, 
which thus contained a constant proportion of water vapour and 
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bromine, streamed through two almost identical actinometers 
(shown diagrammatioally at and f^) which, during the filling, 
were kept at a constant temperature of 26°. The bromine in the 
escaping hydrogen was recovered by condensation in a freezing 
mixture contained in the thermos flask g. While the actinometers 
were being filled, the pressure in the apparatus was kept constant 
by adjusting the height of the columns of water in m and n. At the 
end of a filling, the pressure in the actinometers was reduced to 
60 cm. of mercury and the actinometers were then sealed off at the 
points Cl and (Kg. 1). The two almost identical actinometers, 
thus filled under exactly the same conditions, were subsequently 
used to compare the rates of formation of hydrogen bromide, per 
unit of radiant energy absorbed under different conditions of 
illumination. 

The analysis of the contenlis of the actinometers at first presented 
a difficulty, since the ordinary procedure was found not to be 
sufficiently accurate. The bromine and hydrogen bromide had to 
be separated before their amounts were estimated. In principle, 
the method adopted was to admit into the actinometer a limited 
amount of pure water and to distil the bromine from the solution of 
hydrogen bromide and thence into a cooled solution of potassium 
iodide, the distillation being conducted in such a manner that the 
hydrobromic acid was retained in the actinometer and in a trap 
inserted between it and the bulbs containing the potassium iodide 
solution. The liberated iodine was titrated with standard sodium 
thiosulphate, and the hydrobromic acid with standard baryta in an 
atmosphere of hydrogen. 

'All the bromine used was purified from chlorine and iodine as 
well fife from organic mafjter by the method recommended by Scott 
(J., J913, 103, 847), and the water used in the electrolytic cell and m 
*the anfidyses wfiis purified by the following method. OrdiiMay 
distilled water was saturated with chlorine £wid boiled for several 
hours in a large flfiisk provided with si. fused-on reflux condense. 
At the end of this operation sufficient potassium bromide was ac^ed 
to intersuQt with the smadl smount of chlorine still present, and the 
liberated bromine was removed by boiHng under reduced pr^ure. 
A few drops of pure potash solution were then added, and aftCT^ it 
^ad been heated, the water was distilled in dust-free air, and the 
^oistillate coUeoted in cfitrefully cleaned glass-stoppered bottles. 


‘ -c: rDiscumm-. . , .5 ^ ' 

^‘The fC^OTineiital results .^oW clearly that if, with a 
intensity of the disc is mfi^le to rotate dt 

rates, the amour^ of i^agiv^ 

3 o ^ ^ ^ ‘ ^ ^ ^ ^ 
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the rate ol rotation of the disc is greater, the increase in the anioiuit 
of change being such that it tends to a limit as the rate of rotatioii 
is made more rapid. When the disc rotates very slowly, the amount 
of hydrogen bromide formed in a given time is, of course, independent 
of the rate of rotation, and becomes the same as that produced by 
continuous illumination for the same total length of time. The 
mean life of the postulated catalyst is calculated from the insult of 
a determination of the rate of rotation of the disc for which the mean 
velocity of chemical change is mid-way between the mean velodties 
of ch^mcal change previoudy found for a very rapid and for a very 
slow rate of rotation of the disc. 

That the photochmical union oi hydrogen with chlorine and 
bromine is atMbutable to ephemeral catalysts (either atom^or active 
molecules) is now commonly assumed, and the assuns^ticn is 
supported by the fact, now established for the interaction of 
hydrogen and bromine, that the total amount of chemical change is 
not solely dependent on the total time of ilhimination by li^t of a 
constant intensity, but alt^ when the supply of the light is 
rendered intersd^i^t. In ad^)ting this Hieory we dball make the 
{dkming assim^ptEkhm 

(If T^^ilght of a i^ven quality, the rate of formation of the 
catfdyst is propori^onal to the me^ absorbed. 

(2) The rate of destruction of the catalyst is the sum two terms, 

one beir^ jffoportipiial tp the jBrst power and the o&er to the 
sedcmd its obnoehtration. 

(3) The rafe of formation of hydrogen bromide fe .directly pro- 
jportLonal to the concentration of the catalyst. 


fdi granted (I) we cmt shear that if the rate of 

is propiatfeM^ fee 

a^»ina.Baa|i 

, sod’ i aMJe^ 

of 4:ig- '*i0l i 

ibs A 'WpropeHrMonal to'/. Snoh tiroald 

U' CMB M tbs destraeiioa of tbe catalyst were caused pduoipsdly’ 

He Bu^aks with-molecuJcB cd fir.fiiij[tgjnijtjr,.i On 


dA jdt = kl — (— 0 in ibe steady state), * ■ 
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A would be proportional to the square-root of the intensity of the 
light, and such would be the case if the destruction of the catalyst 
were caused principally by the impact of two of its molecules. 

Our results indicate that the rate of interaction of hydrogen and 
bromine, for very high intensities of the light, approximates to 
values which are proportional to the square-root of the intensity, 
but for low intenmties the rate becomes more nearly equal to values 
proportional to the intensity. Accordingly, we must conclude that 
the destruction of the catalyst is at the same time both a first- and a 
second-order reacti(Mi, and that the differential equation which gives 
the time variation of its concentration is 

dA](U =^hl — — igA (= 0 in the steady state) . . (1) 

let the units of time, ezi^rgy, and concentration be so chosen that 

= 1, / = 1, and A = 1 in the steady state when the actinometer 
is fidly exposed to light ; the values of the constants ki and k^ can 
then be determined expescimentally in the foBowing manner.. T}ie 
actinometer is, in the first place, exposed to light with the disc 
Bot^tkg very slowly, and the time, needed for the production of a 

given amount of hydrogen bromide is determined. Then with the 
twin actiiiometer a similaar experiment is performed with the (&c 
rotating very rapidly. liet us suppose that the time required for 
the production of the specified amount of hydrogen bromide is 
If a is the ratio to 2 k of the sum of the angles subtended at the 
centre of the disc by all the sectors, then in the first experiment the 
actinometer was exposed to light of unit intensity for the time 
whilst the result of the second exp^iment ought obviously to be the 
same as that of an exposure of the actinometer for a time to l^t 
of intensity oc. But since the amount of chemical change is pro- 
portional to, Ihe product of the concentration of the catalyst a^ 
the time of exposure, we must have 

= A^^ or Ag • r • (l.lji 


in which A^ is the approximately constent concentration of the 
catalyst in the second experiment. 

WiiJi the new units, equation (1) becomes 
dA/di = I — k^A^ — k^ (= 0 in the steady state) * ^ . {1.2) 

In the ffcrt ^xp^eunent, I and A l^th have by definition the value 1, 
and , in experiment I has the value «, and A the vafee 






two oqaations fcom whk^ tiie values of and \ oa^-.be 


1 — I 

and' ■f’'' » = i,* ' 

An 0’239i indteo^ot . 
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from wMch it follows that and are respectively 0*6272 and 
0*3728. These were the values of the two constants adopted for 
the determination of the mean life of the catalyst. 


The DetermincEtion of the Mean Life of the GatolysL 

In the system of units proposed above, the rate of increase of A 
becomes I — h-^A^ — and in this expression I is equal to the 
rate of production of the catalyst, and + lo^ to its rate of 
destruction, per unit volume. The mean life of the catalyst in the 
steady state is the quotient of A by the rate of production of J., i.e., 
it is equal to AjI. But under continuous illumination the intensity 
has b^n taken as unity, and, under the same conditions, A in the 
steady state has also been taken as unity. Therefore in the con- 
ventional units adopted, the mean life of the catalyst is the unit of 
time. 

Under all conditions the rate of chemical change is proportional 
to the mean value of A^ and therefore, since A is unity when the 
actinometer is continuously illuminated, its mean value for a given 
moderate rate rotation ef the disc is the ratio of the rate of 
chfiGBiical change during that moderate rotation to the rate of 
eheljm^ change under continuous illumination. Experiment 
therefore supplies us with the information that A has a certain 
known vatae when the disc is made to rotate at a known rate 
measured ih seconds, or, in other words, when the equal intervals of 
Stomjfiatikm have a known value in seconds. It is also possible to 
oidenlate what rate of rotation ei the disc measured in terms of the 
mm unit ci time {i,e., the mean life of a molecule of the catalyst) 
wcsdd result in the same mean value of A . . Accordingly, experi- 
ment furnishes the value of a rate in seccmds, and calculation gives 
the vahie of the same rate in mean hives. The numerical ratio of 
the two values is clearly the value of a mean life in seconds. 

The cajculatipn of the rate of rotation of the disc (in mean-life 
units) which would result in a specified mean value of A is performed 
in the following way. For the purpose of the calculation it is more 
convHQisnt to write the differential equation (1.2), which gives 
the rate of increase of A in the light, in the form dAjd^^ 
I — c^A^ — in which t is written for t to indicate that the 
measurements of time are to be ms^ with a unit 
mean life of tite catalyst when the intensity of the light 
and Cj and are constants. When 1 is taken as unity the solution 
of the equation is 


^ {1 + {C 2 / 2 Ci) 2 }i -{x + cj2^} ~ • 


( 2 ) 


where x is substituted for and is the integration constant. 
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The same symbols being used, the differential equation for the 
decrease of .4 in the dark is dA jdr = — of which the 

solution is 

l0ge{'^^^}=C^T+0^ . ... (3) 

where Cg is the integration constant. 

For brevity, (2) is written as /(a?) = t, and (3) as F{x) = t. If 
and ojg are the values of x at the beginning and end of a period of 
illumination, and x^ and x^ the values of x at the beginning and end 
of a period of darkness, and Tg, T3, and T4 the corresponding 
valu^ of T 

fi^i) /(^2) ^>^2 “ known constant when the rate 

^{^ 2 ) ” -^{^3) ~ ^4 — Tg ^ of rotation is uniform). 

But in the steady state, which is very rapidly approached, x^ must 
be equal to x^ since the increase in x during a period of illumination 
must then equal its decrease during a period of darkness, and 
therefore the above equation reduces to 

/(®i) + =/K) 4-’P-P’(*2) .... (4) 

It is easy to show that if any one of the infinite number of possible 
values of x^ is introduced into this equation, the resulting equation 
for a?! is satisfied by two real values, one of which is, of course, 

In other words, for every value of there is a corresponding value 
of x^. Moreover, when and X 2 are known, the corresponding mean 
value of X, and also the length of a period of illummation in terms 
of a mean life of a molecule of the catalyst, can be computed with 
the aid of equa;tions (2) and (3). By trial, a value of x^ must be 
found which gives a mean value of x equal to the experimentally 
determined value of that constant. Then by a comparison of the 
calculated period of illumination in mean-life units with the period 
of illummation expressed in seconds, and deduced from the known 
rate of rotation of the disc, the mean hte in seconds can be calculated. 

It is obvious that the required result can also be obtained by 
graphical methods. 

• The actual experimental results are tabulated below. In column 
A the number of the determination is recorded ; in B the rates of 
rotation of the disc in two comparative experiments ; in 0 the ratio 
of the time of illumination to the sum of the periods of illumination 
and darkness ; in D the times (in minutes) required to effect the 
same amount of chemical change in two comparative experiments ; 
in £ the ratio of these times; and in F and H the respective vidaes iff 
the constants kj^ and ig. 
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A. 

B. 

C. 

n. 

E. 

P, 

H. 




225 

174 

1-29 






220 

176 

1-26 






343 

265-5 

1-29 



I 

slow 

fast 

i 

j 

332 

262 

1-27 

0-6034 

0-3966 



329 

265-5 

1-24 






353 

266-5 

1-33 






372 

267 

1-40 






276 

174 

1-68 
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For the caloolation of the mean life of the catalyst the results of 
the determinatioiis V and VJII were employed, the necessary 
^ures being the mean ratios in column E, namely 1-9126 and 1-476 
respectively. The mean life of the catalyst was estimate to be 

0-063 second. 

Under less intense illumination the mean life would be longer. 

It will have been observed that certain approximatioDS, which 
will affect to some extent the accuracy of the resrilt, have been made. 

Oonchmon. 

If the photochemical interaction of hydrogen and bromine is due 
to the. present of o,, catalyst (atoms or activated molecules), the 
catalyst is capable Of existing for an app^iable hraction Of a second. 

,ThB liABOaAXCXBlV, 

Jbsus CopuiOE, OxiOBD. . . lB«eeiv$d, Muy lat, 19^8.1 


CCXXXII * — The Lupin Alkaloids. Part I. 

By GsoBaE Booeb CtiEbco and Gb&ob CoHMma Leitoh. 

This group of alkaloids includes lupinine, ^arteine, 

Cj^HgeNg, lupanine, C^gHgiONg, and hydroxylupanine, all of wHoh 
have been isolated from one or other of the different varieties ot 
lu^ seeds. AlfJiough nomerous chemists have worked on these 
alkaloids, the |»reseni real knowledge of their structures is vei^ 
scanty indeed. Bor instance, in srpite of fact that bridged 
piperidine ring systems have been postulated for these eompounds, 
it appears that there is not a single recorded case of a m6no<^clic 
pyriiine piperidine derivative having been definitely obtain^ 
from any of them. 

lupinine, present in Lupinus luteus, was by Willstatter 

and Foumeau (Ber., 1902, 35, 1914), who concMed that it contamed 
a primary alcoholic side chain, together with a tartiary nitrogen atom 
probably common to two rhgigs as in quinuelidiae. Beeentfy, 
Kalle & Go. (D.R..PP, 386,938 and 396,608) have described the 
production, of chlorolupinine and lupioan, CioH^gN ; but the 
structural question appears to be still as left by Willstattet in 
1902* 

The chief workers on sparteine have been MourCu and Valetfr, who 
advanced the p-diquinuclidylme1hane formula (I) for this a&aloid 
1905, iMvll7}. Germ^ {Oa^zetla, 
oxidised wWt permsr^nate in phosphorieia^-^aeMstoj^ 
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and, obtaining some succinic acid, felt justified in advancing formula 
(11) for the alkaloid. 


CH r CH CH *“ 

f * I riTT I rrcr.. 




sdv^'cHj 
(I.) 


CHa 


H,C 


CH, 

V 


CH-CHa-CHa-HCi 

(H.) 




'CHa 


ch; 


Lupanine occurs in the dextro- and the inactive form in L, idbus 
and in the dextro-form in L. anguaiifolius^ and the inactive modific- 
ation can be easily isolated in a pure condition from i. termis, which 
appears to be native to North Africa and Syria. The authors are 
greatly indebted to Ih. E, G. A, Heathcote, of the Royal School of 
Medicine, Cairo, for securing the necessary seed and extracting the 
first batch of i-lupanine used in this investigation. The early workers 
on lupanine include Schmidt {Arch Pharm.^ 1897, 235, 192), who 
advanced the empirical formula and Davis p. 199), 

who proved the absence of a reactive carbcmyl or hydroxyl group. 
Many chemists, indudhgg Sieb^ 1891, 229, 644), Callsen 

{ibid., 1899, 237, 577), Soldaini (Gazzetta, 1903, 33, 1428), and 
Beokel {Ar^. Pham.., 1912, 250, 691), have studied the oxidation 
of the alkaloid, but except oxalic acid, no oxidation product appears 
to have been isolated in quantity sufficient for its characterisation. 
Beckel (Arc&. Pharm., 1911, 249, 329) concluded from titration 
experiments that lupanine is a monoacidic base (see p. 1813). 
Molander (Ber. DcvJh,, Pharm. Oes., 1921, 31, 265) subjected the 
alkaloid to drastic treatment with fuming hydrochloric acid at 210°, 
to fission with caustic potash, etc., but in all cases the lupanine was 
reex>v€a!ed almost whpUy unchanged. Thoms and 
(Aftsk. Pham., 19^, 263, 1} state that lupanine is recovered wfa^ 
methylammomum hydroxide is distilled in a vacuum, but that when 
the a&£dmd is distilled with zinc dust a small proportion is changed 
to givCy togeijier with other products, what they describe, mainly 
from its o<|our and boiling point, as a-ethylpyridine. On these 
grouiids, they advanced the tentative formula (EH) for the alkaloid. 



The only definitely established facts, however, are that lupanine 
possesses a very stable, fully saturated ring system with one reactive 
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tertiary nitrogen atom, and no reactive carbonyl, hydroxyl, or 
methoxyl groups. 

It has now been found that lupanine forms a crystalline dihyd^o- 
chloride. The basic nature of both nitrogen atoms is thus proved, 
but the result does not exclude the presence of a lactam group 
> N'CO-, for a-quinuclidones, if they were known, might be expected 
to be basic from the fact that a-oximino-P-vinylqiiinuclidine (IV) 
forms a methiodide (Ber., 1908, 41, 68). The presence of such a 
group, whilst explaining why lupanine is very much more soluble in 
water than deoxylupanine (see p. 1819) or sparteine, is yet difS.cult to 
reconcile with its ready solubility in ether and ligroin, with its great 
stability to acids and alkalis, and with the fact that it cannot be 
reduced electrolytically. The alternative is that lupanine has an 
ethereal oxygen atom. Notwithstanding its dibasic character the 
alkaloid yields only a moriomdhiodide and a TnoTiomethosiLlphale, in 
this respect resembling sparteine. Lupanine methiodide is a stable 
compound, crystallising unchanged after refluxing with methyl- 
alcoholic potash, and its quaternary ammonium hydroxide when 
vacuum-distilled gives lupanine and methyl alcohol. Again, when 
the methiodide is heated in a vacuum with caustic soda, lupanine is 
largely regained ; but if a mixture of caustic potash and caustic soda 
is us^, the distillate contaiiis, in addition to some lupanine, two 
methyl-lupanines and a small proportion of simpler bases ; and if 
caustic potash alone is used, the bulk of the distillate consists of 
simpler bases. 

IVom what follows, it seems probable that the lupanine oxygen 
atom is in that part of the molecule containing the reactive tertiary 
nitrogen atom involved in these changes, and if the latter is in a 
quinuclidine system linked in either the a- or the P-position to the 
rest of the molecule (see I), more than two methyl-lupanines might 
be expected to result by the elimination of hyiogen iodide from 
lupanine methiodide. So far, however, only two methyl-lrq^anines 
have been obtained, one of which, is, remarkably 

enough, a solid ; the ^-cowpound^ apparently an oil, 

is easily sofad^ in water and h^ only been obtained pure in the form 
of its my^ialBne methiodide. The a-compound forms a mono- 
hffdrotMoride ahd a mmomeihiodide^ and a-methyl-lupanine methyl- 
ammonium hydroxide, when distilled in a vacuum, is largely con- 
verted into am fediiiefic oil, soluble both in water and in ether (».e., 

sali^aDli^i^ converted into a oiystailine methiodida 

small pro^r^ton of a^D^^yl-lnpanine is xeeovetedlllfBi 
^distillate. ' 

3o2 ■ * -fie" 
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Whea in pnin w methiodide is heated in a metal bath with caustic 
iKttash, the bulk of the distillate boils below 145°/! mm. (b. p. of 
lupaniim, 190°/1 mm.) aind contams a mixtuxe of bases, three of which 
have given orTstaUine derivatives ; e^g,, a small imotion, b. p. 
88—92®/! mm. (approx.), gives mainly a picrofe {m. p. 130°) together 
with a small amount of a second picrate which decomposes at 225®, 
and the fraction, b. p. 127— 132°/1 mm., gives a crystalline pkrate 
and a dinuihiodide. Analytical results point to the empirical 
formula CjaHgjNs for fire latter hwe, but the question of determining 
the stnieture of these degradation products, which axe probably 
dorivativea of quinnclidine, is rendared difficult by the feet that the 
litmature contains few references to sadh. compounds, and' some of 
these, as, for instance, the observation by Koenigs {Ber., 1904, 37, 
3250) that the ^-ethylquiaudidine methiodide melts betwemi 
55 — 85°, are not very hel^hl for characterisation purposes. 
Acocadingly, the detail^ examination a£ these imses may have to 
be supplemented by synthetic work before their structures can be 
settled. 

The poBSiinljiy that! tapaBins may be- an <mygea detivahive of 
sparteiim eaeised iiM(n4iah.tD .be directed to the aotimi of reducing 
agsBtt'eMAhbfbscKk. feolDaigBctheatii^ at 220° in sealed tubes -trith 
fmnh^ .^nidodm acid -ahft bed; i|hdg^baras gave deox^/u^pemine, 
bbt SS% ^ ^ hcjgax^'rma. maovned undtasged. 
Beog^depaaine is an oil which ffirms- a laamtbeSHodide and is 
sparii^r soluble in cold water. The question of its structural 
x^ijonahip to sparteine, which occurs naturally in the Isevo-form, 
is oomplioated by the fact that it has not been possible to mcemse 
the latter mr resolve the former. That no ring chax^ oeeuxs in the 
prepan^on of deoxylupanine seems catain from the. iaist'.thfb 
bt Bscovered unchan^d after a similax tre^teHot. 
fort tndicRhBB the joesesme cl Ihs quinudidine ring systean, 
as k ata^ to hydiiodic a(^ which dectnnposes, 

pyridme and ooBiiue. Deozylupanme and spaxteine, 
hMnienraiy^USsr in smne respects in their chemical properties, whi^ 
pothta' to stand' eiantetiixal diBBgttflarity. . iFtw instance, deoxj- 
lupanine is mAch 'more stable to air than sparteine, and it gives 
(ayi9teffiae.oiipd>:«td dbfimraies, .wbaeaa tady forms > 

coyataikBe. dii|Maiaie. Wim skdphnfe is' passed into..sa 

ethwpealsohdjtmofdeaxyfa^tMHimtwintamimgsB^uriBsa^tbBmDP, 
an orange preciptate retiffis In etmtrast.vri^ the 
by eparteiae. Both hasea, however, can he 
molupaniae and osyaparteiBB, ro^peoth^f. - ?’«aala^lMWWiilbitffbIeB 
lupanine in being very eadly sohihle m watmr th ]^ve an alkaline 
solution, and also in organic solvents. It sho-sra no evidence of the 
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presence of a reactive carbonyl group, and forms only a mono- 
methiodide. Neither lupanine, isolupanine, nor oxysparteine gives 
a precipitate in the hydrogen sulphide test. 

Although, as stated, numerous chemists have unsuccessfully 
studied the oxidation of lupanine, it has now been found that it 
can be easily oxidised by permanganate in acetone solution to give 
oxylupanine, Ouiiously enough, the action always ends 

when five atomic proportions of oxygen have been used up, and in 
addition to oxylupanine a very small amount of another oxidation 
product and some oxalic acid are also formed. Oxylupanine is a 
deliquescent compound givmg an aqueous solution which is neutral 
to litmus. It has no reactive carbonyl, methylene, or hydroxyl 
group, as judged by its non-reactivity with phenylhydrazine, 
piperonal, and benzoyl chloride, and contains no reactive tertiary 
nitrogen atom. It seems certain, however, that iaolupanine, 
oxylupanine, and oxysparteine are formed by the conversion of 
methylene into carbonyl groups. As these are all non-reaotive, the 
case for the presence of a carbonyl group in lupanine is strengthened. 
These facts can be explained if the reactive tertiary nitrogen atom 
of lupanine is in a quinuclidine ring, which can form at least two 
isomeric «-quinucMoi^, whose lactam carbonyl groups might be 
expected to be non-reactive. On this basis, oxylupanine might be 
the aa'-diketo-<compound witii the nilsrogen no lon^ basic. Against 
this mferenoe, however, must-be put the fact that no oxidaM<m 
results similar to the above have been observed with the quinine 
alkaloids, and further the lupin alkaloids differ completely in 
physiological action from ihe latter. Again, it is uidikely 
a^quiuuclidoiies would be stable to both alkalk and acids, judging 
from the fact that a-oximino-^-vmyiqumuclidme (IV) is hydrolysed 
by dilute acids, presumably via the c&-quini«didone, to meroquminie. 

It is hoped to describe the extension of the work along the afore- 
mentioned and cognate lines, and its farther bearing on ihestTuctural 
problem presented by^thesea&afoids, in a future communication. 

. EXPEBIXtEKTALu 


lupanine sulphate g.) was dissolved in 
water ^^BQl c.c.) and made alkslme with caustic potash (160 c.c.; 


d Wtmoibed base was extracted wilh. chfexoform Md 

Imdtimiidied; 41^6 g. of a colourless viscid oil passed over at 186^ 
at ld6--^220°/l mm. main fraMfidit 
m. p. and after 

lisil^li^aeetbne (24 a.c.} gave colourless, prismatic plates 

authors are to^2feessrs'T..aai4j&'' 

Edinburgh for carrying out llito 
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m. p. 98r— 99° (Found: C, 72-7; H, 9-8; N, 11-4. Calc, for 
Ci 5 Ha 40 ]Sr 2 : 0, 72-6 ; H, 9-7 ; N, 11-3%). i-Lupanine is very easily 
soluble in cold water, giving a strongly alkaline solution, and in the 
usual organic solvents. 

iMpanine Mono- ani Di-JiydrocJdorides, — ^The precipitate obtained 
by passing hydrogen chloride into a solution of lupanine (1 g.) in 
dry ether (20 c.c.) was collected and dissolved in absolute alcohol 
(10 C.C.). On dilution with ether (15 c.c.), stout colourless prisms 
separated, m. p. 185° (decomp.) (Found : C, 65-7 ; H, 7-9 ; 01, 21-6. 

requires C, 56-1; H, 84; a> 224%), The 
dihydrocMoride is deliquescent, its aqueous solution being acid to 
litmus. When it is heated xmder 1 mm. pressure, decompomtion 
occuK and a sublimate of the very deliquescent crystalline mono- 
hydrochloride is formed (Found : d, 12-0. Calc, for C 15 H 24 ON 23 HCI : 
a, 124%). 

Lupanine Monome&iodide , — When lupanine (as obtained direct by 
distillation; 41*5 g.), dissolved in acetone (50 c.c.), was mixed with 
methyl iodide (20 c.c.}, the meihiodide b^an to separate almost at 
cmoe. The mixture was r^uxed^g^tiy ovetrnight, the crystalline 
fifiseie^ltate ^cound with a small volume of alcohol, and 

thepftodadt (S2g.; deccnnp. 246 — ^250°) remystallised from al^ute 
akobol, giving stout ptmm (61-6 g.), m. p. 268 — ^260° (decomp.), 
raised to 262 — 263° by afuith^ciystBdi&ationfmmrf (Found : 

C, 4®'8 ; H, 74 ; I, 33-0. CisHa^ONgjMel requires 0, 49-2 ; H, 6*9 ; 
I, 32-6%). The methiodide is very soluble in water and sparingly 
sclulde in absolute alcohol. 

Lupanine Mmiomethosidphate , — Methyl sulphate ( 1-3 g.) was added 
to lupanine (2-5 g.) in acetone (5 c.c.), and the solution refluxed 
OT^-nij^t. Thie resulting deliquescent prisms (2-7 g.), m. 188°, 
decontp. 276°, were recrystallised from alcohol (3 c.o.) by Citation 
with acetone (10 c.c.); m. p. 196° (Found: C, 54^6; Bt 8 - 0 . 
requires C, 64-5; H, 8-0%)- “ ’ 

AaUm of Alkalis on Lupanine MethMide.^ul md p-Meihyl- 
Inpanines. The powdered methiodide (2 g,), mised with caustic 
potash (1-5 g.) and caustic soda (1-5 g.), waacar^ifly heated under 
1 mm. |»:essure with a free flame, w absorbent charcoal trap being 
|daced between the receiver and the pump. Five such experiments, 
after the recovery of a small quemtity from the trap, gave 5*7 g. of 
distillate, which set to a buttery, mass and on fractionation gave 
0-2 g., b. p. up to 145°/1 mm., 1-4 g., b. p. 146 — 180°/1 mm., and 
3*9 g., b. p. 180 — IWfl mm. The last fraction while an oil was 
stirred with cold waipr (26 c.c.), and the resulting colourless solid was 
collected — ^filtrate X— washed with a little water, dried on the water- 
bath, and ciystallised ( 1-5 g.) from a small volume of ligroin (b. p. 
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60 — 80°); well-defined, colourless prisms then separated, m. p. 
123^ (Found: C, 73-7, 73-2; H, 9-7, 9-9; N, 10-2; OMe, 0; Jf, 
cryoscopie in benzene, 274. OieH 2 eON 2 requires C, 73*3; H, 9*9; 

N, 10-7 % ; Jf, 262). (i-MeiJiyUv/panine is readily soluble in the usual 
organic solvents, but insoluble in water, and its cold acetone solution 
rapidly decolorises potassium permanganate. From a solution of 
the base in ether, hydrogen chloride precipitates the mmohyiro- 
chloride^ which crystallises from alcohol-ether in flat prisms, m. p. 
209® (decomp.) (Found : Cil, 11'2. CigHgeONgjHCl requires 
a, 11-9%). 

QL~Meihyhlupanine methiodide. The base (3-3 g.) was heated over- 
night in a sealed tube in the water-bath with methyl alcohol (4 c.c.) 
and methyl iodide (4 c.c.) ; the crystalline deposit (4'3 g.), when 
recrystallised from alcohol, formed stout colourless prisms, m. p. 
258® (decomp.) (Found: C, 61-0; H, 7-3; N, 6-9; I, 31-4. 
OigHgeONajMel requires C, 60-6; H, 7-2 ; N, 6*9; I, 31-4%). The 
compound was very soluble in cold water, and when distilled with 
caustic potash in a vacuum gave a mixture of bases apparently similar 
to those described under (b) below. When, however, the methyl- 
lupanine methylammonium hydroxide from this methiodide (4*3 g.) 
was distilled in a vacuum, 2-8 g. of a colourless viscid oil passed over 
at 190 — ^216® /I mm,, from which 0*3 g. of a-methyl-lupanine was 
recovered by stirring with water. On fractionating the aqueous 
filtrate, 2-2 g. of oil passed over at 210 — 215° jl mm. (Found : 

O, 69-9; H, 10-4. Ci^HgcOaNa requires C, 69-4 ; H, 10-2%); this 
bme was readily soluble in water and in ether. 

The aqueous filtrate X on fractionation gave 2*1 g., b. p. 180 — 
195® /I nun. This was combined with similar material to give 11 g., 
and then fractionated into equal first and last fractions. The 
former slowly set to a buttery mass of lupanine. The latter also 
deposited a small amount of this base, which was filtered off and 
the filtrate was refractionated, giving 0-8 g., b, p. up to 188® /I mm., 
2-2 g., b. p. 188®/1 mm,, and 1 g., b. p. 188—190®/! mm. The 
middle and last fractions were treated in acetone with methyl iodide 
over-night and theciystalline deposit was then collected and dissolved 
in absolute alcohol. On cooli^, some finely divided, crystalline 
lupanine jnethiodide quickly separated. This was removed, and 
iBXge compact prisms separated from the filtrate over-night. These, 
after recrystallisation from alcohol, had m. p. 272® (decomp). alone 
andm. p, below 260° (decomp.) when mixed with lupanine methiodide 
(Found: 0,61^9; H, 7-2; N, 6-6; I, 31-7. 
reqi^f^s 0, 60-5; H, 7-2; S, 6-9; I, 31-4%). 

is very soluble in water, and more soluble in akciliol than 
lupanine methio^de. ' > -* l 
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(b) The base Lupanine mefchiodide (2 g.), well mixed 

with oaufitie pot^h (3 g.) and heated under 1 mm. pressure at 260°, 
decomposed, giving a solid mass. The heating at 260° was oonianned 
for 15 minutes and the temperature of the bath was then rais^ to 
300°; an oil distilled during the next 6 to 10 minutes. The 
combined distillates from twelve such experiments (11 g.) were 
divhied into the following fractions : (i) 1*2 g., b. p. 86 — 112°/1 mm. ; 
(li) 7-5 g., b. p. 112—132°/! mm. ; (iii).0-8 g., b. p. 132—160°/! mm. ; 
(hr) 1'7 g., b. p. up to 170°/1 mm. 

When fraction (i) was redistilled, half of it passed over at 88—82°/ 

1 mm. (Found : 0, 79-4; H, 10-6; N, 10*8%). 31is<Hfsr;6ase was 
sl^tly soluble in cold water, giving an alhaliuft scdution, and |ts 
cold acetone sohition slowly decolosised potassium pemnanganate. 
13ie base (0*6 g.) was bmled with picric add (0*9 g.) in alcohol (20 o.o.) 
fca* I minute ; the solution was then cooled and dteantpd from 0-1 g. 
of a proittei which CEystaOised from acetic ackl hi yd^ prisms, 
deeomp. 225° sftor darhening at 215°. The decanted aitmhcdio 
sdution was pariily eivapmated, and -dber added; lemon-ydlow 
^tes then sepacaltd^-jCr'$. 52*7, 53*0; 

B, 4*9%. O 17 H 18 O 7 N 4 

WhnU £Eadlon#).we 8 redmtalled, alaxge proportion passed over at 
127— 122?/| mm . } ' the portion, b. p. 130°/! mm., was analysed 
(fhaad; 78*5; B, 10*4; N, 13*4. C, 76*7; 

H» 10-7 ; B, . 13 * 6 %). Ihe oil is sparin^y soluble in water, and its 
cold aoettme solution decolorises poiasshmi permanganate. 

J^israfeo/f^ehoseGigEg^g. .An alcoholic solution of the fracrion, 
b. p.T27 — 132°/1 mm. (1 g.) and picric acid (1*25 g.) was bdled for 
1 W j imrfe , ooded, and decanted ftom. a small quantity of gDon; ^e 
jMemia (1*4 g.)dowly separated in yellowprisms, andmdtel^fiiy^* 
after reeayuhaSisation from alcohol (Found: C, 62>3:;,li&5ii>rJ3> 
6 *8, 6*1. OtsHaNj^O^B^QTN’s requires C, 52*4 ; 5*8%^’n.'I i’ ''f ;■ ■ 

SHmMhio^e qf Ae base CjaHajNg. When Qfe ^ew^oi,..h.:p. 
187^— 1^/1 spa. (1 g.), acetone (3 c.e.), and (1 C.b.) 

wore saixed togetia^, much heat was M^erated. 

After 12 hours, the crystals that had fotri^H^’hoBeiied, and 
reczyftalllsed from a Boluti<»i m stloohriHliyidmitm with waet^, 
giving almost oolourl^, compact pdbraus, m. p. 202°, decomp. ^0° 
(Foimd; 37*3; B> fifSh.; fhJB[^^2Mel requires C, 36*9; 
H, §*7%), - .! . 

. l)eaasfiup$^m.—r^aax seated tubes, each contamhig Ir^anine 

(1*25 g.}, arid-(6 c.fi, ; d 2), and red phoi^dtcrus (I'^ g.), 

were Imatcri for 36 bourn at 2^°, mnoh lurrasure being developed. 
The viscid product was heated at 150° under diminished pressure to 
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remove the excess of hydriodic acid, the residue treated with caustic 
potash solution (100 c.c. ; d 1'26), and the liberated oil extracted with 
chloroform and fractionated; 1-7 g. passed over at 140 — 170®/ 
1 mm., followed at 170 — 190° by 0.*8 g. which set to a soft crystalline 
mass of lupanine. The first fraction was seeded with lupanine and 
left for some days in an ice-chest, the separated lupanine was filtered 
off, and the filtrate fractionated ; the bulk passed over at 145°/1 mm., 
leaving a smaE residue of lupanine (Found: C, 77-4; H, 11*2; 
N, 11’6. CijHggNg requires C, 76-9; H, 11*1; N, 11-9%). Deoxy- 
Iv^panine is sparingly soluble in water, giving an alkaline solution. A 
d^quescent dibydrocMoride is formed when hydrogen ohlmMe is 
passed into an ethereal scdution of the base and can be crystallised- by 
slowly diluting its cold alcoholic soluticm with ether (Found; 
Ca, 23*0. CxgH20N2,2HCl requires d, 23'1%). 

Mono- and di-pieratea of deoi^lvpanine. When etEereal solutions 
containing equal weights of the base and picric acid were mixed, a 
yellow precipitate of the monopiarate was formed, which crystallised 
from alcohol in well-formed, yellow, hexagonal prints, m. p. lM° 
(Found : C, 64-9 ; H, 6-3. 0i5H28N8,CjH^O^3 requires C, 54-4 ; 
H, 6-3%), 

The precipitate of the dypkraie formed when alcoholic solutions'of 
deoxylupanine (0*25 g.) and picrio acid (0*5 g.) were mixed crystallised 
from alcohol in lemon-ydlow needles, m. p. 206 — ^207° (Found ; 


C, 46*7 J 5*1. . Ci5H2gNa,20<ftOA requires C. 46*8 H, 4*6%), 
A mixture with sparteine dipiomte (m. p. 208°) melted at 198 — ^200°. 

Ik(^e^«pemvn6 waXkiodide. The base (1*3 g.) was added to Met(^ 
(3 e.o.) and methyl iOdidSe (1 e.e.)-; after 12 hours, 1*8 g. (^'Ihe 
m^iodMe. had s^arated, wil^jh brystaUised from aoetcme in coletet- 
leSS plates, m. p’. 226° (Found : C, 61*6; H, 7*9. 0^5020^2, Met 
requires 0, 51*1 ; H, 7*7%). 

iaolmpanint, — Deoxylupanine (1*2 g.) on oxidation* gave (hfl’gJ 
of a distillate which crystallised; on fbocystallisation from h^ln 
(b. p. 40 — 60°) colourless plat^, m. p. 118°, wmre olfiadf^P'dhnd : 
e, 72*6; H, 9*7. CI15H24ON2 requkes C, ^2*6; H, 9*7%). Mixed 
with lupanine, the substance mdted at 78 — 80°. Whhn heated in a 
sealed tube -with methyl alcohol and methyl iodide; gave 

a crys^d&ie mommdhiodiie^ whioh separated from alcohol-4e^ne 
(I in cbidnrle^ plates, m. p. 208^ 

(2-6 g.) was dissolved in acetone (30 cie.), 
and potassium pennanganate (5*3 g.) added durinj^ abbnt 

4*8ft5temthstiiTh%‘andeodSi:®iaahfee-^ After 

Ibhe Huxtnre stirred for'f hoto said filtered; and the 
with The mhrmk was thm 
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filtrate, and the residue* distilled; at about 210°/1 mm,, 1*4 g. 
passed over, which crystallised from acetone in .stout colourless 
prisms, m. p. 123° (Found : C, 69*1 ; H, 8*3 ; N, 10*5 ; My cryoseopio 
in benzene, 266, 273. requires C, 68*7; H, 8*4; 

N, 10*7%; My 262), Oxylupanine forms a chloroplatiTiate which 
crystaHi^s from alcohol in brown prisms, m. p. 232° (decomp.). By 
means of this salt the value 266 was obtained for the molecular 
weight of oxylupanine. After being refluxed in alcoholic or acetic 
acid solution with phenylhydrazine for 24 hours, or in ethereal 
solution containing benzoyl chloride with sodium bicarbonate in 
suspension, oxylupanine was recovered unchanged. It could not 
be condensed with piperonal, and it was also recovered after being 
heated in acetic acid solution, saturated with hydrogen chloride, for 
24 hours at 240°. 

One of us (Gr. R. C.) wishes to thank the Royal Socie^ |or grants 
towards the cost of the seed and of the extraction of the lupaimne used 
in this investigation. 

UsiVEBSJTX 07 BUBRAM. AsmSTBOailFO 

NEWCAS!TE£-uroB-TvHB. [Heoewedt, April 1928.] 


OCXXXin. — Neodymium Selemte. 

By JoEOfT Albert Newton Friend and Albert Arthur Round. 

AL^mVQkSi of lanthanum (Atomic No. 57), cerium (38), 

praseodymium (39) and samarium (62) have been described, mo- 
dynmm (60) sdencUe does not appear to have been prepared 
hitherto. In the course of a search for the missing ” 

No. 61, some fairly pure neodymium magnesium nitrate 
pared by repeated fractionation from certain rare-earth resi^^. 
From this the oxalate was precipitated, ignited to oxide^ and used 
in the preparation of the salts described below. 

the oxide thus obtained contained only traces of impurity 
was proved in several ways. (1) The visib^>i^^^M||Mpecirum 
of a N/16-solution of the chloride prepared fipp showed 

close agreement with Bech’s data (2. wise. 1905, 3, 411), 

(2) An X-ray analysis was made by Messrs. Adam Hilger with a 
sample of the oxide on a copper target of a Shearer X-ray tube, using 
a Muller X-ray spectrc^ra^ with calcite crystal. The presence of 
traces of praseodymium, samarium, and gadolinium was ascertained. 
Traces of terbium were also present, as shown by the brown tint of 

* A trace of a higher imdation product separates if this residue is 
redissolved in a small yolume of acetone. 
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the ignited oxide. (3) Chemical analysis was effected by con- 
verting a weighed quantity of oxide into sulphate, and pouring the 
solution into an excess of oxalic acid solution. After 24 hours, the 
precipitated oxalate was collected on an asbestos filter and estimated 
by titration with permanganate. This method, which was used by 
Gooch and Kobayashi {Amer. J. 8ci,^ 1918, 45^ 227) for thorium, 
appeared to work well with neodjnnium, the equivalent weight of 
which was found to be 48-17, 48-30; mean, 48-24, the accepted 
value for 1926 being 144-27 y 3 or 48-09. 

Neodymium Selenate Pentahydrafe, Nd2(S604)8,6B[20.— Neo- 
dymia readily dissolves in. aqueous selenic acid. A slight excess 
was added to the warm acid and, after filtration, the solution was 
concentrated on the water-bath until a good crop of pink crystals 
separated from the hot mother-liquor. These were dried between 
filter-paper and stored over sulphuric acid. Some of the dried salt 
was heated in a current of dry air, the evolved water being collected 
in a calcium chloride drying tube. If the heating was gentle, the 
loss in weight of the salt exactly equalled the gain of the dr3ring tube, 
indicating that no reduction to selenite or change other than 
dehydration had taken place ; but it was difficult to ensure complete 
desiccation without sHght decomposition of the anhydrous salt 
[Found: 11-47, 11-24; mean, 11*36. Nd2(Se04)s,5H20 

requires HgO, 11*15%]. Upon exposure to moist air the dry salt 
absorbed moisture. 

Ociahydrate, Nd2(Se04)3,8H20, — solution of neodymium selenate 
saturated at about 16® was poured into excess of alcohol, whereupon 
a pink, viscous liquid separated. On agitation with a glass rod the 
liquid rapidly crystallised to a pink solid, which was coarsely 
crushed beneath the alcohol, grained, and washed with ether. 
After drying between filter-paper, the amount of combined water 
was determined as before [Found : HgO, 17-19, 17-39, 17-26 ; mean, 
17-28. Nd2(Se04)s,8H20 requires HgO, 16-72. lTda(Se04)8,9H20 
requires HgO, 18-42%]. This hydrate is also formed by prolonged 
exposure of the saturated solution over concentrated sulphuric acid. 

Dod^hydraie, lfd2(Se04)3,12H20, — ^The previous salts readily 
absorbed moisture in a saturated atmosphere. When the semi- 
deliquescent mass thus obtained was dried over sulphuric acid, a 
break occurred in the dehydration-time curve at 23-37% HgO, 
indicating the existence of a dodecahydrate {Theory: I2H2O, 
23-14; ISH^O, 24-59%). This hydrate appears to be the one which 
first sepairates when a saturated solution is evaporated at roc^ 
temperature oyer concenirat^ sulphuric acid. It rapidly 1 q^ 
wafeeTsi^ihe oidinary^ tempOTature, and prolonged expoei^'oy^ 
conoenirated sulphuric thC 
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from adhereat saturated solution by pressure between filter-paper, 
a sample had a water content of 22’2%. Hiis was low for a 
dodecidiydrate, as expected, but higher than the 21*6% required 
for an undecahydrate. 

Neodymium Sdenate, NdaCSeOJj. — ^The pink anhydrous saSt is 
readily obtained by gently heating any of the hydrates in a current 
of dry air, or at 170 — 180® for a more prolonged peiiod pFound : 
NdjOg; 47-^, 4649; mean, 48*39. Nd 2 (Se 04)3 requires Nd^Os, 
46-86%]. ilthough the mean result is in fair agreement with 
theory, the individual results do not agree as well as one could 
desire. Probably the second specimen had ' bCeiS^-iB^erfBetly 
(h^ydrated, and the first may have been ^ghtiy ovarhealed {see 
above). 

Selenates of all the elements of ihe cerium sub-group, save No. 61 , 
are now therefore known. The neodymium salt is intermediate in 
hydrate formation betwem the pcaaeodynnnm and ssafiarium salts. 
Nor example, the former yiel^ a penta- and an octa^hydrate 
(Scheele, Z. anorg. Ghem., 1^8, f 7, 310), the latter pelds an octa- 
mod a dodeca-hydkttte (Cteve; BtiB.'Soei- ohim., 1874, 'Si, 196), and 
siio^mihm yields's^'flitie. '' jithoirot^ smdy of the selenates of 

a view to thdr p<wsible use in the 
BeykseiisdaL of raie-ear^ mud^^es by fractional (uystaHisalion. 

TBb ^i^UosafnoAi COixbgb, BisimnaaAic. [Beeeivei, May 23/^, 1928.} 


CC^XXlV.— 2%e SynSmis of vai&so-Alh^ arid meso- 
Aryl Aiithraeme DerimUves. PoH IV, 

By :&>WABi> DE Barry Barnsit and John Latjbbi^ 

WlLTSHEEB. ‘ - 

Tee ucumal ptiduct oi the aetion -of a Gh^mrd S(^ution on w 
^n^hcone is the alkyl or aryl dihydroanthranol {!), from which th$ 
aU^l or aryl antluacene (11} or the alkyUdene dthydro^tfaiaceun 
(HI) is obtained by loss .ol wat^ (for J., 

1927,1726); .. ^ -- ..-Cw i-s-'-- ■ 



H€M3*OeB. 

V ' (1,1 


; CSCRa 
X02E: 


(m-) 



(X 4V vilMltbatsd C^^;' - It ^ alkyl, aryl ta hydrogen.) 

fBm’-tmmmi hbwai^ ia' pt^onadly sSeeted by ^ presence of 
S||Mlae alawias'lft w^pesitlaaiB, and when these are present the 
ifykfiltesiB either eompistdy breaks down or gives only exceedingly 
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poor 3 delds except in the cases of magnesium methyl iodide, 
magnesium phenyl bromide, and magnesium benzyl chloride. 

It has now been found that a somewhat similar influence is 
exerted by a chlcaine atom in a p-position, since with 2-ohloro-9- 
anthrone (IV) satisfactory yields of the alkyl anthracene were 
obtained only with magnesium ethyl bromide and magnesiuin 
benzyl chloride, the other magnesium alkyl halides giving extremely 
poor results. The excellent yield obtained with magnesium ethyl 
bromide as compared with the very poor yield obtained with 
magnesium methyl iodide or brqinide is interesting, as it is the 
reverse of what is the case with 1 : 5-diohloroanthrone (Barnett, 
Oook, and Matthews, Bet,, 1926, 59, 2863). 

The 2-chloro-9-anthrone employed in the above experiments was 
prepared according to the scheme : 




(D.B.-P. 76,288.) 


CO,H 





It differed from the Mhloroaathrooe praTioticdy isc^ted fr<mi the 
reduction of 2-ohloroaD.thraqumone (Baxnett mid MatUiews, J., 
ld2S, 123, 2551),.80 the hitter zamt be 3 ' 0 b]oro«d-antfarone. 

2-Cbloro-9-aathrone (appaientiy in an impure state)* has been 
described by Meyec and Fischbaoh {Ber., 1925, ^^-1351), 'adio 
obtained it by condensing n-bromo-o-tolnoyl bromide -with benzene,: 
and oriented it by converting it into a benzanthrone derivative. : ' ' 


Ezpbbimeniai.. 


4 - CMetrodi^hm^md^icme-Z' •caa‘boxiflieAefd.-~4-Gbiciiro-o~hea3i€ifi- 
benzoic add (50 g.) 'mis dissolved in ^X) e.o. of ammonia (d 0*880) 
and 150 c.c. of water, 150 g. of zinc dust 'were added slowly, and 


fina% a few e.c. of copper su^hate solution. BedUc&ob 'was 
on the water-bath uui was complete in about 20 ho&s. 
The product Iras isdated in the usual way and after recrystafl^ad^ 
ham aldohidl mdted at I32‘* (Found : d, 14*1. Cj^H^iO^drequbn^ 
Ca,14*4%).r • ■*. 

%-CS^ro-9-akt^4ike (F?). — ^5^6 hlteVe oarboZylib acid 
8kw^ with <k>dii^ to e<stiBehtriateid’siffphUrie sd^ '(3'd.t 
and- after- i&‘had 
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anthrone after recrystallisation from alcohol melted constantly at 
156® and depressed the melting point of the p-chloroanthxone 
previously described (Bamett and Matthews, Zoc. cit.). 

2’ChlQro-9-anthranyl acetate was obtained from the above anthrone 
by the usual acetic anhydride-pyridine method (Bamett and 
Matthews, J., 1923, 123, 389). After recrystaJlisation from alcohol 
it melted at 143® (Found : Cl, 13-2. CieHnOgCl requires Cl, 
13-1%). 

S-CJiloro-9-mthranyl a>cetate was similarly prepared from 3-chloro- 
9-anthrone. After recrystallisat|pn from alcohol it melted at 146® 
and depressed the melting point of the above 2-chloro-9-anthranyl 
acetate (Found : Cl, 13-3%). 

Action Grignard Sohdione an 2-G&Zcro-9-aw<Arone.— In all cases 
7 g. of the finely powdered anthrone were added slowly to the 
Grignard solution prepared from 2*2 g. of magnesium (3 mols.) and 
the requisite amount of the halogen compound. After being kept 
in a freezing mixture for 3 hours, the solution was poured on a 
mixture of ice and solid ammonium chloride, the washed ethereal 
layer evaporated to dryness, and the residual oil heated on the water- 
bath fear a short rime with acetic acid containing hydrochloric acid. 
Ihefc^wing eompounds were obtained, all of which, unless other- 
wise stated, w&te rcOTystallised from methyl or ethyl alcohol and 
fmrmed pale yellow needles. 

2-CSihro^9^meikyla7dArace7te, m. p. 84®. Yield, very small (Found : 
0,15*8, Cj^HiiClTequires 0,15*7%). 

m. p. 79®. Yield, exceflent (Found : 
CBi 16*0. Cj^igO requires 0, 14*8%). 

2-Ohloro-10^omo-9-etiylanihracene, By the action of bromine 
{1 mol.) on the above cMoroethylanthracene in earbon disulphide 
soluti<m. Ydllow crystals from benzene-light petroleum; m. p. 
128® (Found : O + Br, 36*1. CigH^LgOBr requires O + Br, 35*9%). 

2-CMoro-9-JX-jpr€pylan^acene, m. p. 82® (Found; O, 14*3. 
requires 0, 13-9%). 

2-CiUaru-S4e»z$f&^^ m. p. 132°. Yield, excellent (Found : 
0, 21*9. requires 0, 11-7%). 

2~CUm-lQ~6avmo~9-denzyIarUArace^ By the d hrcapaiiie 
(1 mol.) on the above chlorobenzylantfarac^e m earbem disalph^ 
solution. Yellow needles from acetic acid or ethyl acetate; m. p. 
167® (Found : O + Br, 30*4. C^iHj^OBr requires O + Br, 30-3%). 

When the above chlorob^i^lanthracene was kept over-night 
with excess (3 to 4 mols.) of bromine in carbon disulphide solution a 
substance was obtained (isolated by the addition of light petroleum) 
which after recrystallisation from benzene-light petroleum formed 
a cream-coloured powder; this melted and decomposed violently 
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at about 160°, was difiScult to obtain pure, and appeared to be a 
dibromide of 2-cliloro-10-bromo-9-benzylantIiracene (Found ; d + Br, 
614. C 2 iHi 4 ClBr 3 requires Cl + Br, 50*9%). 

Sib John Cass Technioaii Institute, 

London, E.C. 3. [ Beceived , May Ith , 1928.] 


CCXXXV . — The Rotatory Dispersion of Derivaiives of 
Tartaric Acid, Part III. Diacetyltartaric Acid 
and its Esters. 

By Percy Coelett Austin. 

Previous work upon diacetyltartaric acid (Austin and Park, J., 
1925, 127, 1926) revealed some anomalies, which could not be 
properly interpreted at the time. For instance, the Isevorotations 
of a solution of the pure acid in dry acetone were found to be identical 
with those obtained when the anhydride was mixed in the same 
solvent with one molecular proportion of water and the mixture 
had been kept for 16 days until mutarotation was complete ; but 
the presence of increasing amounts of water led to greatly increased 
Isevorotations, a fact which pointed to some further change in 
structure. Moreover, the values calculated for the velocity co- 
efficients of the hydration of the anhydride indicated that the 
reaction could be regardedneither asunimolecular nor as bimolecular. 
Nevertheless, the measurements of rotatory dispersion corresponded 
well with the values calculated from a simple one-term Brude 
formula, although the dispersion constant = 0*0833) was un- 
usually high. The result was unexpected and the conclusion was 
drawn that this acid afforded the first instance of simple dispersion 
in the tartaric acid series which was independent of ring formation. 

This conclusion was regarded with some suspicion, however, in 
view of the fact that Patterson’s value of the ratio 
the iaobutyl ester (J., 1916, 109, 1170) is less than the theoretical 
TTfiiaimum for a simple dispersion, viz., 1*67 (compare Lowry and 
Austin, Phil. Trans., 1922, A, 222, 249), so that the rotatory dis- 
persion of this ester is obviously complex. This ester was therefore 
prepared, and purified by repeated distillation under low pn^mres. 
Since the liquid could not be induced to crystallise, its rotatory 
diq^eorsion was measured without a solvent in a tube, whereiFy 

an .undoubted maximum was detected about 56 A.B. beyond tto 
blue mercury line. The lower esters of the acid were then 
by action of an:^ce^ of acetic anhydride cm the 
estes irf tartaric acid, 
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BO^nrio odd. The methyl aad isopropyl esters were easily 
GeystaSised, the ethyl ester somewhat less readily, the n-propyl 
ester only with difScnlty, and the «-butyl and isobutyl esters refused 
to solidify. Beadings were therefore taken of the pure liquid 
»>paopyl and the two butyl esters and of solutioas in the other 
cases. The m- and iso-butyl and -propyl esters gave maxima in the 
visible r^on, and a solution of the ethyl ester in acetone showed a 
reversal of sign in the red ; but the rotatory dispersion of a solution 
in acetone of the methyl ester was so nearly simple in the visible 
that there was at first some uncertainty as to whether the 
dispersion was simple or complex. The readings in aoet(me could 
not be prolonged beyond 3720 A.U., and the ester is not sufdciently 
soluble to be examined in ether; the deviations from a simple 
formida become marked, however, in the early photographic region, 
hlnalfy, the complexity of the free add was established by using dry 
ether in i^Skoe dry acetcme ^ solvent, whereupon it wasfound that 
idiotograpfaic readings could be prolonged considerabfy farther into 
the ulira-violet r^ion. The fa^ that values of [a] are con- 
sideraldy lower in etherithaa m ■acetone may he due to a partial 
inter a ction, between , tiie. acid ’and aodcme to from a definite com- 
penBM^ would faesumably give simple dispersion. 

TSiB .'eqBatiaos imed in Tabte I — Vlll show that, whereas the 
dispersaeBof the oiHier estds is anomaiouB, that of the methyl ester 
and mad la oom^has but normal, since when 

{mmjfaea Unnry, J., 1916, 107, 1195). The dispersion coi3stants 
ma Q4iSffJ and 0*9691, respectively, for the acid and its 
i Bf oA yl ester, and 0*04^ and 0*0507 for the othn^ esters, idthough, 
tharefore, the rotatmy dispersion (d most of the esters is obviondy 
angBafons, ^ dispendon constants of the two terms cd Ihtlide^ 
eqoatkn'diSer by an amount oorreepondingtoaseparatkm^only 
ahoidi 114 JlU. bdnreen diazaetesiSiio frequencies at 21^ and 
2252 JuU. (d the hii^ur esters, and cd377 A.n. between the dbaraoter- 
idlq^Bequenaies at 2252 aa»l 2629 A.I7. (d the acid and its mediyi 
eBler;'^ lObder these conditions, as Lowry and Lickscmipoiidnd odt 
[3^ IMS, 103, 1676; oompare 

it is eaneptiaasally dffieult to dMinguiEh between a' ^dhpfe and 
a eoniflsx dtq^MKsIcm., and thin d^sthwtioa weedd hnvei hem quite 
impoes^ie if the terms had been.' «l ainriiar t9%u. The rotatory 
dispennon cd the free aidd'is, indeed, «c. nearly sim]^ ihat the 
caleoiatkn of the eurvss of oitnpiex rotatory dispersion winch are 
develcped during the hydndysiB of the anhydride (Austin and 
Park, loe. eit.) stSl holds good without alteration. 

It will be seen that the acetyl derivatives give itoo low-frequency 
terms, where the corresponding hTdroxy-compoimds are governed 
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by one term of low frequency and one term of mucli liigher frequency. 
The increased laevorotations observed on increasing the proportion 
of water in the mutarotation experiments of diacetyltartaric 
anhydride (Austin and Park, he. dt) may therefore be ascribed, as 
in the case of tartaric acid itself, to an alteration in the equilibrium 
between two components of opposite sign. The calculation of the 
true values of the velocity ooefi&cients during mutarotation wotild 
then depend on a detailed knowledge, which is not yet available, 
of the effect of water upon this equilibrium. 

An attempt to prolong the region of investigation in the case of 
diacetyltartaric anhydride by employing ether as solvent was 
unsuccessful owing to insufficient solubility. The dispersion 
constant in this case is, however, only 0*0507, and there is no 
reason to doubt the simple character of the compound on account 
of the oxygen bridge between the two acid groups. 

Experimental. 

Preparation of Diacetyltartaric Acid. — ^In the earlier work great 
difficulty was experienced in obtaining crystals of the acid which 
resulted from the slow mutarotation of the anhydride in acetone to 
which exactly the calculated quantity of water had been added. 
It is advantageous to concentrate the acetone solution, after 
mutarotation, by evaporation in a desiccator to a small bulk and to 
add the residue to boiling b^izene, instead of eliminating the 
acetone. The solubility is thereby greatly increased and much 
larger crops of crystals can be obtained. 

Preparation of the Esters. — ^These esters have been prepared 
previously by Anschutz and Pictet {Ber., 1880, 13, 1176) i^d by 
Freundier (Ann. Chim. Phys.^ 1894, 3, 454) by the action of acetyl 
chloride on the tartaric esters. McGrae and Patterson used a^tic 
anhydride with ethyl tartrate and boiled the mixture (J., 1900, 77, 
1098). I have found that the additlbn of a trace of concentrated 
sulphuric acid to a mixture of the tartaric ester with a considerable 
exc^ of acetic anhydride is cnifficient to catidyse the reaction with- 
out boiling, since the mixture rapidly becomes hot (compare CSbatta- 
way and Parkes, J., 1923, 123, 663). After standing in the desic- 
cator, the methyl ester soon crystallised, but the ethyl ^ter crystal- 
lised only after several weeks. The methyl i^ter was washed Vith 
ether and recrystallised from the samesolvenfe; m.p. 103^ Itis very 
soluble in acetope. The ethyl <sster dissolved readily in both ^her 
and acetone, but cou4d be reo^ystallised from hot J# Ihe 

crystals were sl%htly coloured, they were melted and the^qu^ft irif 
distilled at 17 mm.^pSeesui e ; if then boiled air ^ 

less disMSate, ^ 
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in the remaming cases, the excess of acetic anhydride was care- 
fully distilled oflE after the mixture had stood for 12 hours, the 
sulphuric acid neutralised with calcium or barium carbonate, and 
the distillation continued under reduced pressure. It was found 
necessary to use flasks with wide side tubes (10 — 12 mm. diameter) 
and to heat them in an oil-bath in order to obtain colourless distil- 
lates. The first portions were rejected in each case. On cooling, 
the isopropyl ester soon solidified to a mass of crystals, m. p. 31*4®, 
but the 7i-propyl ester refused to solidify for several months. 
Eventually crystallisation took place in the polarimeter tube during 
the course of a set of readings. The substance was then refraction- 

Tablb I. 

Constants of Bimeiyltartaric Acid and its Esters, 


JSf. p. B. p. Liquid examined. Wb. 

Acid — — — 10-88% in acetone — 24-57® » 

10-83% in ether —17-OX « 

Methyl ester 118® — — 25% in acetone —17*87 » 

Ethyl ester 103 179®/17 mm. — 25% in ether — 0-50 8531 

n-Fropyl ester ... 67 181 /10 mm. 1-1114 Supercooled +11-02 4784 

tsePropyl ester ... 21*5 167 /U mm. — 25% in ether + 8*63 6168 

Jt-Butyl ester ... 31*4 205 /15 mm. 1-0823 I^uid ester +22-20 4821 

isoBntyl ester ... — 193 /13 mm. 1-0816 Liquidator +67-18 4303 


Table n. 

Sotatory Dispersion of Diaceiyliartaric Acid in Ether at 20®, 
10*83^4 g, CsHjgOg in 100 c.c, of solution; I « 4 dcm.; [a] = 2-3077a. 

Simpte formula : [aj] = (showing deviations in the ultra-violet). 

C«npl«formula: a,j = - -o-oe&r 


A. 

[o] ohs. 

[aj] calc. 

[aj calc. 

w-w. 

li 6708 

- 11-82° 

- 12-13° 

- 11-85° 

+0-03° 

Li 6104 

- 15-35 

- 15-59 

~ 16-39 

+0-04 

Na 5893 

- 17-01 

- 17-19 

- 17-04 

+0-03 

Cu 6782 

- 18-00 

- 18-14 

- 18-03 

+0-03 

Hg 57^80 

- 18-05 

- 18-16 

- 18*05 

±0-00 

Cu 5700 

- 18-83 

. - 18-91 

~ 18-82 

-001 

Ag 5469 

- 21-35 

^ - 21-37 

~ 21-37 

+0-02 

Hg 6461 

- 21-46 

- 21-46 

- 21-46 

+0-00 

Cu 5219 

- 24-76 

- 24-70 

- 24-81 

+0-06 

Ag 5209 

- 24-92 

- 24-48 

-- 24-96 

+0-04 

Cu 5154 

- 26-87 

- 25-71 

- 25-85 

-0-02 

Cu 5105 

- 26-70 

~ 26*52 

- 26-68 

-0-02 

Cd 5086 

- -27-05 

- 26-84 

- 27-01 

-0-04 

li 4602 

- 38-54 

- 38-19 

- 38-49 

-0-05 

& 4359 

- 47-54 

~ 47-63 

- 47-54 

±0-00 

fb 4m 

- S9-4 

- 00'$ 

- 59-6 

+0*2 

ssm 

- 81^9 

- $8 $ 

- 81-9 

±96 

Fe S767 

- 


- 92 7 

±0-4 

F» S720 

- 99^2 

^212^0 

- 99-1 

-0-1 

fb sm 



-110^0 

±0-4 

Fb mo 



-117-3 

-0-4 

fb mi 


-^154*9 

-122-8 

±0-5 

fb m2 

--ISl'S 

-1724 

-12hl 

-0-4 

Fb 249$ 

-m-s 

. -197’B 

-142-6 

±0-8 
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ated and crystallised by seeding. It melted at 21-5®,* but observ- 
ations could be made with the supercooled liquid. Tor the purpose 
of comparison with older results, the observed melting points, 
boiling points, densities, and specific rotations for the sodium line 
are summarised in Table I, which also shows the wave-lengths of 
maximum rotations. 

The remaining tables show the observed and the calculated values 
of the specific rotations over a wide range of wave-lengths. The 
concentration of the solution of diacetyltartaric acid in ether 
(Table II) is the same as that in acetone, given in Part II. 10-8334 6. 
of the acid are equivalent to 10-0 g. of the anhydride. 

Table in. 

Rotatory Dispersion of Methyl Diacetyltartraie in Acetone <xt 20®. 


25 g. of C1QH14O0 in 100 e.e. of solution; Z = 4 dcm. ; a = [a]. 




Complex 

: formula 

: M = 

10 

A*- 

•200 

0-0507 

14-551 

A* - 0-0691* 




w 





w 




A. 

obs. 

calc. 


A. 

obs. 

calc, [a]— [aj. 

Li 

6708 

-12-64® 

-12-66® 

+0-02® 

Cu 

5105 

-27-34® 

-27-39® 

+0*05® 

Cd 

6438 

- 14-06 

-14-09 

+0*03 

Cd 

5086 

-27*74 

-27-71 

-0-03 

Li 

6104 

-16-28 

-16-26 

-0-02 

Cd 

4800 

-33-39 

-33-45 

+0*06 

Na 

5893 

-17-87 

-17-92 

+0*05 

Cd 

4678 

-36-56 

-36-52 

-0-04 

Ou 

5782 

-18-88 

-18-90 

+0-02 

Li 

4602 

-38-80 

-38*66 

-0-14 

Hg 

5780 

-18-93 

-18-92 

-0*01 

Hg 

4359 

-47-14 

-47-14 

±0-00 

Cu 

5700 

-19-68 

-19-69 

+0-01 

Fe 

4132 

- 38-0 

- 53*2 

+ 0*2 

Ag 

5469 

-22-25 

-22-20 

-0*05 

Fe 

4046 

- 63-5 

- 63*6 

- h€*l 

Hg 

5461 

-22-30 

-22*30 

±0-00 

Fe 

3978 

- 68-5 

- 68*4 

- 0*1 

Gu 

5219 

-25-60 

-25-57 

-0-03 

Fe 

3879 

- 76*5 

- 76*6 

+^-f 

Ag 

5209 

-25-69 

-25-72 

+0-03 

Fe 

3860 

- 78*5 

- 78*4 

- 0*1 

Cu 

5154 

-26-55 

-26-58 

+0-03 

Fe 

3720 

- 93*5 

- 93*7 

+ 0*2 


Table IV. 

Rotaiory Dispersion of Ethyl Diacetyltartraie in Ether at 20®. 

25 g. of CxsHigOg in 100 c.c. of solution ; Z = 4 dcm. 



Complex formula : 

a = [a] = 

A*- 

- 0-0467 A* - 0-0507' 



A. 

[a] 

obs. 

[«i] 

calc. 

[a]-[aj. 


A. 

W [aj 

obs. calc, [a]— [oi]. 

Li 

6708 

+0-49® 

+0-49* 

4-0-00® 

Cu 

5106 

- 3-56® - 3-68® 

+0-02® 

Cd 

6438 

+0-24 

+0-25 

-0-01 

Cd 

6806 

- 3-71 - 3-70 

-0-01 

Li 

6104 

-0-19 

-0-19 

±0-00 

Cd 

4800 

- 6*99 - 6-01 

+0-02 

Na 

5893 

-0-68 

-0-68 

±0-00 

Cd 

4678 

- 7-36 - 7-36 

±0-00 

Cu 

6782 

-0-83 

-0-83 

±0-00 

Li 

4602 

- 8-36 - 8-34 

-0*01 

Hg 5780 

-0*84 

-0-84 

±0-00 

Hg 4369 

-12-47 -12-47 

±0-00 

Cu 

6700 

-1-06 

-1-04 

-0-01 

Fe 

4132 

-18*30 -18*30 

+0*00 

Ag 

5469 

-1-78 

-1-79 

+0-01 

Fe 

40^ 

-21*30 -21*29 

-0*01 

Hg 5461 

-1-82 

-1-82 

±0-00 

Fe 

3978 

-24*00 -24*03 

+om 

Cu 

5219 

-2-90 

-2-91 

+0-01 

Fe 

3879 

-28*80 -28*77 

—0*03 

Ag 

5209 

-2-99 

-2-97 

-0-02 

Fe 

3799 

—33*40 -33*41 

+0*01 

Cu 

5164 

-^3-29 

-a-28 

— O-Ol 

Fe 

3720 

-38*90 —38*89 



* but tins ocmld imt he 
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Table V. 


Boiaiory Dispersion of n-Propyl DiaceiyUartrate at 20°. 

£iW = 1-1114; [a] = 0-4499o; I - 4 aom. 

„ , , , , , . S7-828 83-099 

Complex foimola : [aj = j ; i - _ - o 7 o4 5 7 “ 




[a] 

[ail 



X. 

obs. 

calc. 

[a]-[aj. 

u 

6708 

+ 9-13° 

+ 9-12‘ 

» +0-01‘» 

Cd 

64S8 

-f 9*72 

+ 9-73 

-0-01 

U 

8104 

+ 10-51 

+ 10-52 

-0“0i 

Na 

5893 

+ 11-02 

+ 11-03 

-0-01 

Cu 

6T82 

+11-31 

+ 11*31 

±0-00 

Hg 

5780 

+ 11-31 

+ 11-31 

+0-00 

Cu 

6700 

+ 11*50 

+ 11-61 

-0-01 

Ag 

5469 

+ 12-08 

+12-06 

+0-02 

Hg 

5461 

+ 12-08 

+ 12-08 

±0-00 

Cu 

5219 

+12-59 

+ 12-69 

±0-00 

Ag 

5209 

+ 12-62 

+ 12“61 

+0-01 


, W [»J . 

A. obs. cale. [o]— {oi]. 

Cu 6164 +12-70® -1-12-71“ -0-01° 
Cu 6106 +12-80 +12-79 +0-01 

Cd 6086 +12-81 +12-82 -0-01. 

Cd 4800 +13-09 +13-08 +^01 

Cd 4678 +13-05 +13-04= -f «4)l 
li 4602 +12-93 +12-94. -'0-01 

Hg 4859 +12-10 +12-10 ±0-00 

Fe mZ + Z-U + 9-17 +9-91 

Fe -4045 + 8-91 + 8-89 +9-92 

Fe 4006 + 8-19 + 8-21 -9-92 

3957 + 7-24 + 7-29 -9-92 


Table VI. 


Bofatory Dispersion of iaoPropyl Diac^ffitartraie m BBter <U 20°. 

26 g. ol in 100 e.c. of solution; I = 4 dom. 



c® 

mt^x f fii 



A* ^ 04)467 A* - 

0-0507* 


A, 





X. 

[a] 

obs. 

[«i] 

calc. 

Li 

6708 

+7-40" 

+7-39^ 

+oor 

Cu 

5154 

+9-30® 

+9-32® 

Cd 6438 

+7-80 

+7-81 

-OOi 

Cu 

5105 

+9-30 

+9-32 

Li 

6104 

+8-34 

+8-34 

±0-00 

(M 

5086 

+9-32 

+9-31 

m 

6893 

+8-63 

+8-86 

-0*02 

Cd 

4800 

+8-96 

+8-95 

Cu 

5782 

+8-83 

+8-81 

+0-02 

Cd 

4678 

+8-60 

+8-58 

Hg 5780 

+8-81 

+8-81 

±0-00 

li 

4602 

+8-26 

+8-26 

Cu 

6700 

+8-95 

+8-92 

+0-03 

Hg 4359 

+6-57 

+6-57 

Ag 

5469 

+9-16 

+9-17 

-0-02 

Fe 

4062 

+2-20 

+2-2/? 

Hg 5461 

+9-18 

+9-18 

±0-00 

Fe 

4005 

+0-90 

+5-8P 

Cu 

5219 

+9-30 

+9-32 

-0-02 

Fe 

3967 

-0-10 

-0^09 

Ag 6^ 

+9-31 

+9-32 

-001 





- 0 - 02 “ 

-(M)2 

+0-01 

+0-01 

+0-02 

- 0-01 

±0-00 

±9-99 

+0-01 

-001 


Table VII. 


BfMiry DispersUai of DiaeetyHartraU at 20 °. 

= 1-M23I I = 2 dcm.; [o] = 0-462a. 


Convex fonnnla : [a,] — 

E«] CaJ 

A. oihs. mIc. W— IoJ. 
li -0708 + 8-60* + 8-40“ -+4M)1° 
OM «t38 + 9-06 + 9-05 ±04)0 
li 4104 + 9-78 + 4-77. +041 
ll» 5893 +10-26 -+18-25 .+6411 
Oa 5782 +10-49 +.14«»' .«04» 
5784 +10-61 +Hk-J8 +04)1 
Cta 6709 +»4S-\+4l9«S ±4>-06 
Ag 4469i^4hl4'18<=^H“itl-lS ±04)0 
»g-8Mfc+^-19 +U-18 ±04)0 
Cd fiSU +11-63 +11-64 -04)1 
Ag Amtr +11-43 +11-66 -0-03 


83-803 79-374 

A* - 0-0467 A* - 0-0607‘ 

. [“3 toJ - > 

A- d|£s. fa]— [ o|]. 

Cu 6164 +11-76“ +11-74“ +04)1“ 

Cn 6H» +11-80 +11-81 — O-ffl. 

Od 6806 +11-83 +11-84 -0+1 

Ca 4800 +12-02 +12+2 ±0-00 

Od 4678 +11-96 +11-95 +0-01 

li AS02 +11-86 +11-83 +0-02 

He <1*59 +10-94 +10-95 -0-01 

Fe 4086 8*38 + 8'30 —0*04 

Fe 4048 + 7-85 + 7-77 +0-08 

Fe 3997 -j- B-93 -j- 6-93 ±9-99 

Fe 3971 + 9-47 + 6-43 +0-04 
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Table Vni. 


Motatory Dispersion, of jsoBntyl DiacetyUartrate at 20°. 


= 1-0816 ; I = < 
Ccmplex fonnola : [aj <= 

W [aJ 

A. obs. oalc. [o]— [aj, 
Li 6708 +12-46'’ +12-44“ +0-02“ 

Od 6438 +13-87 +13-38 -0-01 

Li 6104 +14-66 +14-66 -0-01 

Na 6893 +15-63 +16-64 -0-01 

Cu 6782 +16-03 +16-02 +0-01 

Hg 6780 +16-04 +16-03 +0-01 

Ou 6700 +16-38 +16-39 -0-01 

Ag 6469 +17-48 +17-47 +0-01 

Hg 6461 +17-60 +17-60 ±0-00 

Ca 6210 +18-66 +18-67 -0-01 

Ag 6209 +18-72 +18-72 ±0-00 

Oa 6164 +10-00 +18-! +0-01 


' dom.; [o] = 0-2311a. 

86-684 79-667 

i* — 0-0467 A* - 0-0607‘ 

[“] [«J 

A. OM. ealc. [a]— [aj] 
Ou 6106 +19-22“ +19-22“ ±0-00“ 

Cd 6086 +19-32 +19-32 ±0-00 

Cd 4800 +20-64 +20-64 ±0-00 

Cd 4678 +21-17 +21-18 +0-02 

li 4602 +21-38 +21-42 -0-04 

4369 +21-97 +21-97 ±0-00 
Fs 4US +21-87 +21-91 -9-04 

Fs 4177 +21-84 +21-82 +0-02 

Fe 41S5 +21-77 +21-78 -9-91 

Fe 4132 +21-73 +21-70 +0-03 

Fe 4076 +21-45 +21-43 +0-02 


The readings were made with a BdUin^hAm ond Stanley polari* 
meter, the cost of which was defrayed hy gCAnt for which X am 
indebted to the GoTemment Grant Committee of the Boyal Society. 

‘ WEsnuNSsim Xeaikiih} Coixxob, 

howaas, S.W. 1. {Eeeeived, May 21st, 1928.] 


CCXX5VI . — The Rotatory Dispersion, of- Derivatives. of 
Tartaric Add. Part TV. Propyl and 
Tartrates. ' ■ ‘ 

By Peeoy CoBUBPif'liiBftigptii ■ 


SniOE the investigation of the esters of diaceiyltariairic acid recorded 
in Part HE (preceding paper) involved the preparation of n-propyl, 
isopropyl, n-bntyl, and isobutyl tartrate, measurements of the 
rotatory dispersioas of these esters were made in order that they 
might compared with values previouei^ obtained by Lowiy and 
Abram for metiiyl tartrate (J., 1916, by liOWiy and 

Gutter for the ethyl ester (J., 1922, 542). It has been found 

tbi^ in eve^ case the rotatory dispersion is both complex and 
although the same diq)ersio|| .constants axe 
series, no simple relation appoem to esast betw^ 
the These are record^ io Table I, whh^ 

shows the .B^tii^ ■'Pdnts, boiling points, and deosii^, '• 
and wfkye-lengths calculated for ^a ' 

For cmnparum» published valnes for the 
I are^eol^^. The '^ue of ^ fer metiiyl ‘ 


\ ^ -”'o. 
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ATTSTnr: the eotatoby bispbesioh oe 


Table I. 

0<mskL74s of ike, Esters oi 20 

V Liquid 

Ester. M.p. B. p. a? , h^. Jc^- A.U. examined. 

Methyl 48° & 615“* — — 22*576 22*079 15436 Sxipercooled. 

Ethyl 18*7 — 1*2028 25*006 20*678 5629 

n-Propyl — 177°/17mm. 1*1186 22*139 17*124 4957 Pure ester. 

wroPropyl — 152°/12mm. 1*1136 27*680 20*140 4548 

«-Buiyl 21*8 182°/11 mm. 1*0909 21*436 16*687 5009 Supercooled. 

wButvl 66 171®/llmm. — 24*985 18*741 6374 26% in ether. 

* Dimorphous. 


Preparoitum of the Esters . — ^The preparation of the propyl esters 
was more troublesome than that of the butyl esters, since in the 
latter case the boiling points of the alcohols are sujBS.ciently high to 
enable one to eliminate the water produced by slowly distillmg off 
a constant-boiling mixture of the alcohol and water through a long 
fractionating column. When the propyl alcohols were used, it 
was necessary to use a dehydrating agent. Hydrogen chloride was 
jSrst used, but in order to avoid possible contamination of the final 
product with chlorinated compounds (compare Lowry and Cutter, 
loc. cii.), calcium chlcnide was substituted later. The solubility of 
calcium chloride in the alcohpl renders its subsequent removal 
troublesome, but fairly satisfactory yields could be obtained. The 
powdered tartaric acid dissolved much more rapidly in ti-butyl than 
in tsobutyl alcohol. The esters were carefully distilled and fraction- 
ated untd^ low pressure. An oil-bath was used for heating the 
distillation S;asks. This was particularly necessairy in the case of 
wopropyl tartrate, which decomposes somewhat readily. 

The results are in the following tables. The rotations are all 
positive, except the one ease recorded. 


Table II. 


Boiaiory Diapersum of 


Complex formula : [a J 



W 


w- 

A. 

obs. 

caJc. 

[aj. 

Li 6708 

9*26° 

9*25° 

-h0*01° 

Cd6438 


9*8i 

^0*01 

li 6104 

10*55 

10*54 

-fO-01 

Na5893 

10-99 

10*99 

±(H>0 

Ctt5782 

1123 

11*22 

-fO-Ol 

Hg6780 

il-27 

11*27 


Cu5700 

11-38 

11*39 

-O-Ol 

Ag5469 

11-83 

11*83 


1^5461 

11*35 

11*85 

±0*00 

Ca5219 

12*20 

12*20 

±0*00 

Ag5209 

12*21 

12*21 

±0-00 

Ca5154 

12*29 

1227 

+0*02 

Cu5105 

12*31 

12*31 

±0-00 


i-Propyl Tartrate at 20°, 


dcm. ; [o] = 0*447a. 


22*139 

17.124 


A* — 0030 

A*- 

0*066" 


A. 


[ail 

calc. 

la}- 

[a,]. 

Cd6086 

12*32° 

12*33° 

*-0*01‘ 

Cd4800 

12*28 

12-29 

--0-01 

Cid4ft78 

12*07 

12*08 

-0*01 

U 4002 

11*86 

11*87 

-0*01 

Hg4359 

10*58 

10*58 

±0*00 

I'e 41S2 

8*05 

S-06 

-0-01 

J?e 4046 

5-57 

5*59 

-0-02 

FeSSrS 

5-14 

5-15 

-0-01 

Fe 395$ 

4*55 

4-63 

-^0-02 

Fe 3930 

3-93 

3-96 

-0-03 

Fe 3379 

2-46 

2-51 

-0-05 

Fe 3858 


1-73 

-\-0‘01 

Fe 3799 

-0-22 

-0-22 

±0-00 
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Table III. 

Rotaiory Dispersion of iBoPropyl Tartrate at 20° 


dfS = 1*1136; 1=2 dcm. ; [o] =? 0*449a. 



Complex formula : [aj 

27-680 
A^- 0*030 

20*140 

i«_0-0S6* 


A. 

M 

[aJ 



w 

[ai] 

[a]- 

obs. 

calc. 

[aJ* 

A. 

obs. 

calc. 

[oj. 

Li 6708 

14-79° 

14-79° 

. ±0-00° 

Cd5086 

21-69° 

21-68° 

±0-01° 

Cd 6438 

16-79 

16-81 

-0-02 

Cd 4800 

22-64 

22-64 

±0-00 

Li 6104 

17-17 

17-18 

-0-01 

Cd 4678 

22-90 

22*90 

±0-00 

Na6893 

18-09 

18-10 

-0-01 . 

Li 4602 

23-02 

22-99 

±0-03 

Cu5782 

18-69 

18-69 

±0-00 

Hg4359 

22-70 

22-70 

±0-00 

Hg5780 

18-69 

18-60 

-0-01 

Fe 4132 

2P10 

21-15 

-0-05 

Cu6700 

18-97 

18-96 

±0-01 

Fe 4045 

19-98 

20-01 

-0-03 

Ag 6469 

19-99 

20-01 

-0-02 

Fe 3971 

18-72 

18-72 

±0-00 

Hg646I 

20-06 

20-06 

±0-00 

Fe 3872 

16-39 

16-38 

+0-01 

Gu6219 

21-13 

21-12 

±0-01 

Fe 3807 

14-37 

14-37 

±0-00 

Ag 6209 

21-17 

2M7 

±0-00 

Fe 3790 

13-78 

13-77 

±0-01 

Cu6154 
Cu 6106 

21-40 

21-60 

21-40 

21-60 

±0-00 

±0-00 

Fe 3749 

12-21 

12-18 

+0-03 


Table IV. 

Rotatory Dispersion of n-Butyl Tartrate at 20°. 

Supercooled to 20° ; setting point 21*8° ; = 1*0909 ; Z = 4 dcm. ; 

[a] = 0.2292a. 

Complex f ommla : [« J = 0-030 ' 



W 

[aJ 

w- 


[a] 


[a]- 

A. 

obs. 

calc. 

M- 

A. 

obs. 

calc. 

[ail- 

Li 6708 

8-66° 

8-68° 

-0-02° 

Cu6105 

11-39° 

11-40° 

-0*01° 

Cd 6438 

9-22 

9-20 

±0-02 

Cd 6086 

11-44' 

11-41 

±0-03 

Li 6104 

9-86 

9-86 

-0-01 

Cd 4800 

11-35 

11-28 ‘ 

±0*07 

Na6893 

10-26 

10-27 

-0-01 

Cd 4678 

11-00 

11;04 

-^0-04 

Cu6782 

10-46 

10-48 

-0-02 

Li 4602 

10-80 

10-80 

±0-00 

Hg6780 

10-48 

10-48 

±0-00 

Hg4369 

9-44 

9-44 

±0-90 

Cu6700 

10-63 

10-63 

±0-00 

Fe 4132 

6-87 

6-87 - 

-j-QvQO 

Ag 6469 

11-04 

11-02 

±0-02 

Fe 4064 

5-72 

5-73 

—Q'Ol 

Hg6461 

11-03 

11-03 

±0-00 

Fe me 

5-39 

5-39 

±0'00 

Cu5219 

11-33 

11-32 

±0-01 

Fe 3978 

3-91 

3-94 

-0 03 

Ag 6209 

11-32 

11-33 

-0-01 

. Fe 3879 

1-26 

1-30 

-0-04 

Cu 6164 

11-36 

11-37 

-0-02 

Fe 3860 

0-69 

0-71 

—003 


Table V. - 

Rotatory Dispersion of i^oBvtyl Tartrate in Ether ai 20°. 

26 g. OiaHaaOft in 100 c.c. of solution ; 1=4: dcm, ; [a] = a. 

n 1 ^ 1 r 1 24*986 18*741 

Complex formula : [oj = Jz—Qm ~ 

«"=[“] [<»i] [«]- . 0=[<i3 [oj] t 

oos. caJ 


A. obs. 
Li 6708 11-92' 

Cd 6438 12-69 

Li. 6104 13-72 

Erar5893 14-43 
Cn&m' 14-77 
|fe6780 H-77 
€a6700 16-00 

16-49 

i^6209 16-60 

Co 6164 16-74 


M 

calc. 

11-92° 

12*70 

13- 73 

14- 41 
14-76 ' 
14-77 
16-03 “ 
16-70 


[a,]. 

± 0 - 00 ° 

-O-Ol 

- 0-01 

±0-02 

±0^01 

± 0-00 

-0-03 

±0-60* 


16-60 

16-74 16-74 


1|^. 


A. 

Cu 5106 
Od6086 
Cd4800 
Cki4678 
U 4602 
Hg4369 

ya dm 

Fe‘4045 
Fe 3978 
Pe 337$. 


M 

calc. 

16-76° 

16- 79 

17- 21 
17-22 
17-14 
16-30 ” 
-1P75 


W- 

±0^01° 

± 0-01 

± 0-01 

±0-00 

±0-02. 
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The readings were made with an instrumeiit, the cost of which 
was defrayed by a grant from the Government Grant Committee of 
the Royal Society, to whom I am indebted. 

WEsmmsTsa TsAmmo CollegB) 

Looton, 8.W. 1. [Received, May X928.] 


CCXXXVn . — Synthetical Experitnents on theAporphine 
Alkaloids. Part III. A Synthesis of Corytvberine 
Dimethyl Ether. 

By JoHH Massoh GuiiAN© and Eobebt Downs Hawokth. 


Tme method described in Parts I and n of this series (this vol., 
pp. 581, 1132) has now been applied to the synthesis of 3 : 4 : 5 : 6- 
tetramethozyaporphine (IV), the d-fonn of which is identical with 
corytuberine dimethyl ether (corydine and iaocorydine monomethyl 
ether). 

2'-iVtiro-3' : 4i' -cUtne&oxyphmifkKeio-^Z : i^imedioxyphenyUthyl- 
amide. (Z) waa fimh 2-nii3»}-3 : 4-dimethozyphenylacetyl 

and j^vecatcyl^bytamine, amd converted into 2'-nUro~ 
6 : 7 VS' : : i-dihydroiBoguinolijie (IE) by 

tibteacri<mof^os{dh 0 raspeaitafihloride. This pale yddow, crystalline 
base, whidi fcoms a crystalline hydrochloride, was converted into its 
mtihiodid^ end the latter was reduced with zinc dnst and hydro- 
ohknio add to 2 ^-(b»»»o-6 : 7 :Z' \4:’-feircmethoxy-l-benssyl-2-m&1iyl- 
f^reAyiroSao^inoUne (HI). This oily base, which yields a crystalline 
dAydrociloride, diazotises readily and the diazonium Salts conple 
whh ^-naphthol in alkaline solution. 




baiM|[(Ql}j$^ in a mistine of methyl alcohol 

aeSft'ioiid emriaeil^ into Z : 4 5 : S-^irameihoxy- 
' This dl^basa is a pale yelbw oil 
Iteik' me&iodide has been prepened. The 

dt^iee means of d-tartaric acid, and 1-eorytu- 

herine dimethyl efter i-biyirtrate was thus obtained in crystalline 
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condition. <i-Corytnberine dimethyl ether ?-bitartrate was then 
prepared by liberating the base from the mother-liquors aoid oom- 
h ining it with l-tartario aoid. The d- and Z-bases were obtained 
from the bitartrates in the form oils. These gave ibe colour 
reactions described by Gadamer {Anh: Pharm., 1911, 249, 547) for 
the oily corytubeiine dimethyl ether, which he pr^ared by meihyl- 
ating naturally occurring d-ocuytuberine. 

As we do not possess a sample of the natural product, direct 
comparison has not bemi possible, but the melting points, solubihiies, 
and rotation values of the 1-bitartrate and the methoohknide d the 
synthetioal d-base are in close agreement with those which Gadamer 
(loc. 6if.) records for the oo^^pmding derivatiyes of the d-base 
obtain^ from natural sources. Further, the optically inactive 
carbetho£y<M»ytab»me dimetl^l dher (V), prepar^ by the action 
of sodium l^^oxide and ethyl ohlcaoformate on the ^nthetioal 
d- or (^-hase, appears to he identical with the product obtained by 
Osada (Arch. FhMm., 1^4, 262, 501} in a similar manner item the 
d-base of natural origin. 




This sjuithesis confirms the structure which Gadamer {ho. cU.) 
su^sted for corytuberine dimethyl ether (corydine and isooory^e 
mohbmethyl ether) , and we hope to detemtMe by analogous s^theses 
the positions of the phenoHc hydrozyl grbui» in these alkaloitlB. 

Expeeimektal. 

2'-Niiro-Z' : 4:'-dimahoxyphen,ylaceto- ^-3 : i-dinte^oi6yfhenl^e&^- 
amiie (I).^ — benzene solution of 2-nitro-3 : 4-ciimetb03yphen3d- 
aceiyl oldoride (prepared from 6 g. of add as described in this voL, 
p. 1134) and ^-vmratrylethylamine (3*7 g.) was cooled and shaken 
with a sli^t excess of 15% sodiiim hy^xide solution; The 
beszmie layer was washed with dilute hydrboMmio add and dhied 
wi^ Sbdkffia soljhate, and the sdvmit removed. - Ihe residual 
was dissolved in a little methyl fdoohol (in which it is very sblu^) 
mid mis^' etiite, the ided^ ‘was removed by wzhlnt^ trilh. 
wtAsry htid the ether was dried and IdfeWedto evaporaifeslo^lt^^ffi^ 
. Hlpwated in tdmost^co^etsdess noduke; m. pi 
of el$Bta^tioh uhfeh is-1^ 

mat^ ^ed 
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C, 59*6; H, 6*7%), This aimde is v^y soluble in the usual 
solvents mth the exception of light petroleum. 

2'-NUro ^ : 7 : 3' : 4i:'-MraimiTu>xy-l-benzyl~Z\4L~dihydT^ 

(II). — A solution of the amide (I) (5 g.), chloroform (50 c.o.), and 
phosphorus pentachloride (6 g.) was allowed to remain at room 
temperature for 36 hours. The solvent was removed in a vacuum 
from the bufE-coloured solid, the residue was dissolved in hot water, 
and the filtered solution made alkaline with ammonia. The solid 
base, collected after 3 hours, crystallised from ethyl alcohol in pale 
yellow prisms (3*9 g.), m. p. 159 — 160® (Found : C, 61-9; H, 5*9. 

requires 0, 62-2; H, 5-7%). This bcm is almost in- 
soluble in light petroleum, sparingly soluble in ether and cold 
alcohol, but readily soluble in benzene and chloroform. It dis- 
solves in hot dilute hydrochloric acid, and on cooling, the hydro- 
chloride separates in very pale yellow needles, m. p. 227® (decomp.). 
The meihi^ide was prepared by allowing the base to react with an 
excess of methyl io^de at room temperature for 12 hours. The 
^ excess of methyl iodide was then removed, and the residue crystal- 
lised from ethyl alcohol, in which it was readily soluble. It forms 
rosettes of yellow needles, which ccmtain solvent of crystallisation 
and md% at 105 — 107®, resolidify, and decompose graduaUy between 
180® and 190® (Found in material dried at 100® : C, 47-7 ; H, 6*0. 
CgiHjjO^al requires C, 47*7 ; H, 4-7%). 

2'-^miito-6 : 7 : 3' : 4'-feifame^Aoa:t/-i-6e«2{yZ-2-wieifeyZfefra%dmso- 
quinc^ine (III), — hot solution of the methiodide (2*3 g.) in water 
(26 c.c.) and concentrated hydrochloric acid (26 c.c.) was reduced by 
the gradual additi<m of zinc dust (7*5 g.). The liquid havmg been 
fiito:ed and made alkaline with ammonia, the base was extracted 
with ether and dried, and the solvent removed. The residual oil 
was dissolved in chloroform and saturated with dry hydrogen 
chloride ; the dihydrochloride of the base (III) separated in colourless 
needles (1*7 g.), m. p. 188 — 190° (Found in material dried at 100® : 
C, 56*8; H, 6*7. requires C, 56*6; H, 6*7%). 

The dibydrocUoirite was hygr(»copic and dissolved readily in ethyl 
alcohol. The addition of sodium nitrite to an aqueous solution of 
the dihydrochloridei produced a bright yellow solution which coupled 
with alkaline ^-naphthol, yielding a vermilion azp^ye which 
beeaame deep port- wine in colour when (fissolved i|^. 
su^urioamd. ■ _ 

^-Oorjfhib^ine dime&yl e&er — ^The dihydrodtoride:p^ tie 

^use (IH) (2 g.), di^lved in methyl aJcrfiol (10 e*c4 «md sulphuric 
arid .(l& e.c, of 2^,. was diazotised by the gradual addition of the 
aasqunt of 2^-sodiuin nitrite. The bright yellow liquid 
became de^ after boiling for J hour ; zinc dust (1 g.) and con- 
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centrated hydiocMorio acid (3 c.c.) -were added, and the boiling 
was continued for 16 minutes. The mixture was ffltered, and the 
residue extracted with boiling water. The combined filtrate and 
washing were rendered alkaline with ammonia and extracted with 
ether, the extract was washed with sodium hydroxide solution and 
dried, and the ether was removed. dl-Corytuberine dimethyl ei^ier 
(0*3 g.) remained as a pale ydlow oil which did not o^tahise. The 
hgdroMoride was very BoluWe in water and alcohol, and the hydr- 
iodide separated as a gnm when potassium iodide was added to an 
aqueous sdutimi of the h 3 ^ochloiide< The m^iodide, which was 
obtained by heating the dl-base with an exc^ of methyl iodide, 
crystallised £rom ethyl aledhdL in colourless prisms which darken 
slightly at about 220° and decompose at 248° (Found : C, 52'9; 
H,6-5. CaaHggO^NI requires 0,63-1; H, 6 - 6 %). 

Besolviion of ^-Coryttiberine Dimethyl Et^r . — When tH-oorytu- 
berine dimethyl ether' (1 g.) in absolute ethyl alcohol (16 o.o.} was 
mixed with an absolute-ethyl-alcoholio scdutiou of d-tartaric acid 
(3 o.c. of 2N), a gum separated. This disstfived on boiling, and the 
colourless crystals of l-cx>rytvberi7ie dim^yl effter d-bitartrate 
which ra^dly separated were collected by filtering the boiling 
solution and recrystallised from rectified spirit, forming colourless 
needles, m. p. 219 — ^221° (decomp.) (Found in material dried at 100° : 
0, S9-2; ff, 6-3, C 25 H 31 O 10 N requires 0, 69-4; H, 6-1%). In 
aqueous solution : . H = 1 , c = 1-005, = —1*49°, whence [«]» = 

-148-2°. On cooling, the hot filtrate d^sited a gum ; the blear 
supmnataaat Squid was decanted and evaporated to dryness and the 
base was {ib^ated by ^ ao^n of bodiiA hydroxide seflufion and 
extracfted with ^er. 3he extraet was tise exAvtSA 

rmnoved, smd the residual oil was dissolyed hi ahsoluie ethyl adteohdi 
(16 C.C.) and mixed with an abs<dute-eth^-a}c(&olic scdnticm di 
i-tartaric amd (3 0.0. of 237). d-Omytub^nne dimethyl e&er 
1 -l^bartraitea^arated ; itczystallkedfircHnieotafiedsptritim^oaziees 
needles, m. p. 219—222° ((^omp.). Oadamer (2ee. e»f.) ^es2i9 — 
224° (decomp.) (Found: 0, 69*3; H, 6-3. Calo. for : 

0^ 59-4; H, 6-1%). In aqueous sointimi, i = 1, c = i-017, «b == 
-f t*63°, Thence [«]d = + 149-7®. <3ad«mer (few. c*f.> 

“t" T50^. 

d- and the 1 -base were hberated as oils {rom the tfitartnAes 


by^ anMoci sodium hydroxide solutkm. With-eoocientraled 
srdphmio add^ eonemrtcated nitrie acid, Brdsaaun’srett^eal, Fi^d^s 
reii^gent, ICandel^'B 9<eag^, and a^eeldtlQu cf-4»Senk)a<^ 
e^iliaa^iled sid^mdesufid, the dfkm the l-base gave ebloor raaoHMis 
^«^itA£'l^ilni^eieD]e#t(t6h those described by Gadaoier 
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i-Corytuberine dimethyl ether methochloride was prepared by 
refluxing the d-base with an excess of methyl iodide for 1 hour, 
removing the excess of methyl iodide, digestmg the residual 
methiodide with an aqueous suspension of silver chloride for 2 hours, 
filtering the solution, and evaporating the filtrate to dryness. 
When ether was added gradually to a solution of the gummy residue 
in a little absolute ethyl alcohol, the methochloride separated 
in slender needles, m. p. 243® (decomp.). Gadamer gives m. p. 
234 — ^237® (decomp.). In aqueous solution: i = l, 0 *= 1-112, 
a© = + 2-17®, whence [a]© = + 196°. Gadamer gives 197*6°. 

Carbethoxycorytuberine dimethyl ether (V), m. p. 93°, was pre- 
pared from the synthetical d- or <B-base by the process described by 
Osada (loc, cit.) and appeared to be identical with that obtained 
from natural sources. 

Our thanks are due to the Research Fund Couamittee of the 
Chemical Society for grants. 

The University or Bubhah, The Dyson Perrins Laboratory, 
Abkstbonu Colleoe, Oxrorb. 

NBWCASTtB-ON-TYNK [jSeeeived, May 16^, 1928.] 

CCXXXVIII . — Syntheses in the Diphenyl Series. 

By ZiEONARD Eric Hinkel and Donald Holboydb Hey. 

The view (this vol., p. 1200) that 4:5: 5-tribromo-l-phenylcycto- 
hexan-S'One, when heated alone or with alcoholic potassium 
hydroxide, decomposes into 5-hromo-3-hydroxydiphenyl and 4 : 6- 
dihromo-3-hydroxydiphenyl has now been shown to be correct. 
The constitutions of the two compounds have been proved by their 
syntheses from 5-bromo-3-niteo-4-ainmodiphenyl throt^ 6-bromo- 
3-nitrodiphenyl and &-brofno-S“(i7ninodiphe7iyl in the first case, and 
through 4 : S-dibromO’S-nUrodipheni^ and 4 : 6~dibr€mO’Z-€mmodi^ 
p&enyl in the second. 

No trace of 4 ; 6-dibromo-3-nitrodiphenyl was obtained from 
5-bromo-3-iutro-4-aininodiphmi3d by dia^tisation in hydrobromic 
acid soluticm as described by Crosdey (J., 1904, 85, 278) ; tte 
amino-g^Qup appeared to be unaflected, but the bromine formed by 
^6 interaction of the nitrous and aoids reacted 

readily wi& the base, gmi^ rise to 6 : 4'-®HcmiCh3-Bitro4-a^ 
diphenyL 1M& goLd^-orange needles, m. p. 154°. Scar- 

Waters (J-, 1927, 1138), who obtained this compound 
^ Immhiatim 5-bromo-3-mtro4-ammodiphenyl, describe 
it as red needles, m. p. 158°. We have repeated their experiment, 
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cairying out the heating process for only 2 hours, and obtained the 
dibromo-derivative as golden-orange needles, m. p. 154®; longer 
heating, as carried out by them, not only diminished the yield but 
also produced small quantities of darker-coloured substances. 
Acetylation of the dibromo-compound gave a product, m. p. 153®, 
which was identical with a specimen kindly proTided by Bell and 
Robinson, who prepared it by the bromination of 3-nitro-4-acet- 
amidodiphenyl (J., 1927, 1130). Reduction of the b^e gave 
5 : 4'-di6rowo-3 : ^-diaminodiphenyL 

Expeeimbntal. 

5- Br(mi^-Z-nitroA>-ami7i^iphmyL — ^3-Nitro-4-aminodiphenyl was 
brominated as described by Scarborough and Waters (toe. cit). By 
slow crystallisation from methyl alcohol the product was obtained 
pure as deep orange needles, m. p. 100® (Found : Br, 27-2. Calc. : 
Br, 27-3%). 

Acetylation of the base gave 6-brbmo-3-nitro-4-acetamidodi- 
phenyl, which crystallised from alcohol in orange-yellow needles 
m. p. 95®, and was identical with the compound described by Bell 
and Robinson (toe. cit) as (5 ?)-bromo-3-nitro-4-acetamidodiphenyl, 
m. p. 94—95®. 

h-Bromo-Z-aminodiphenyl, — 6 -Bromo-3-nitrodiphenyl (Scar- 
borough and Waters, ho, cit.) was reduced in alcoholic solution with 
sodium hydrosulphite. After removal of the alcohol under reduced 
pressure, the base was extracted with ether. It crystallised from 
light petroleum (b. p. 40 — 60®) in light brown prisms, m. p. 88® 
(Found : Br, 32-1, GigHi^NBr requires Br, 32*3%). 

The aceiyl derivative, prepared in the usual manner, crystallised 
from alcohol-light petroleum in white prisms, m. p. 140® (Found : 
Br, 26-9. Cj^HigONBr requires Br, 27-6%). 

6- Bromo-S-benzoyhxydiphenyh — 5-Bromo-3-aminodiphenyl was 

diazotised in the usual manner in an 80% solution of sulphuric acid 
at 0®. After remaining for 1 hour at this temperature, the solution 
was gradually heated to boiling, then diluted, and extracted with 
ether. The dark oil remaining after removal of the ether was treated 
with sodium hy<faoxide solution. Acidification of the alkaline 
solution precipitated 5-bromo-3-hydroxydipheayl as an oil which 
owing to the small amount available was not further purified but 
convedieddij^llymto its benzoyl derivative; this cryjstallised from 
ateohd in- clusters of small needles, m. p. 108®, unchanged, by 
admixture with the b^oyi derivative of S-bronaOrS-hyditl^^ 
dij^imyl,(t^ vd., p. 1203). j /: J 

— 4 Cr. of 6-brcmio-3-:ifitro-4-.|##i^ 
diphenyl were diawtfeed' te/fie^bed abovet* 
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diluted "with ice-water, poured iuto a cold solution of cujir'oua 
bromide in hydrobromic acid, and gradually beated to boiling. 
Sxtractioii of the solution with ether gave a solid which crystallised 
from methyl alcohol in pale yellow needles, m. p. 126® (Found : 

44-6. CigHyO^NBr^ requires Br, 44-8%). Oxidation with 
chromic acid in glacial acetic acid solution gave 4 : 5-dibroino«3'- 
nitrbbenzoic acid (m. p. 182°). 

4 : 5-Z)i6rano-3-a(!eto?m<i^ — 4 : 6-I>ibromo-3-iiitrodiphenyl 

was reduced with sodium hydrosulphite, and the brown semi-solid 
base obtained was converted by the usual method into the acetyl 
derivative, which crystallised from aqueous alcohol in white needles, 
m. p. 177° (Found : Br, 4$-S. Oi 4 HiiOUBr 2 requires Br, 434%). 

On hydrolysis of the aceiyl derivative wi& concentrated hydro- 
chloric acid and subsequent treatment with antmonia, the base was 
obtained as a dark semi-solid mass^ which was converted into 
4 : 5-dibromo-3-hydroxydiphenyl by the diazo-reaction. This 
crystallised from light petroleum (b. p. 40 — 60°) in fine needles, 
m. p. 81°, and its benzos^ dimvative, prepared in the usual manner, 
crystallised from alodbtcd in smaSl, white neeffies, m. p. 104°. These 
m. p.’s were tmehlmged 'by adinlxture with the corresponding 
compoonds described in this voL, p. 1203. 

5 : 4'-I>i6rot»o-S : 4-dia»ntM3dtpAe»yl, obtained by reducing 5 : 4'- 
(hbrom0-3-mtro4-aimnodi|hei^^ with sodium hydrosulphite, 
crystallised from alcohol in white needles, m. p. 120° (Found : 
Br, Br, 46'8%). The dihenzoyl 

derivative, prepared in the usual manner, y?as sparingly soluble in 
boiling alcohol, from which it separated in mierosoc^ crystals, 
in. p. 278° (Found : Br, 29-2- requires Br, 294%). 

UmvBBSiTv ComsGS, Swaitsua* [iSeoetcisd^ JkFay 


(XtXXXlX. — Denm^ves of 7 : 8 

m^^Mtaearbaaxie and of 8 : 9 : 10 1 H-T^srah^o- 

By SaagHEs 8^ (goaot ' 

'3^ iekAgaiecinBaiiaada- ai^ its 9-fl^ 

iSInee ^«ii& siifee acid .^e 

or OS axid OS to doable liska^ 
(Pladiih lllia Haati, X. 1931, 119, 1825; 1923. 123, 676). made it 
hivadgaiam of 7:8:9: 10 -tetcah 3 ^-«p- 
f MflitlM tiiiibasoio (Z) and 8 : 9 : 10 : ll-tetrabydio-K'^'-oAphtha- 
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eaxbazole (II) alozig similar lines would present many interesting 
points. 

NH 


(I.) m (in.) 

These two compounds (named A^(^)-tetrahydrobenzo-a- and 
-p-naphthindole) have already been prepared by Borsche, Witte, 
and Bothe {Annalen, 1908, 359, 64) from cychhexs^mme-ac- and 
-p-naphthylhydrazone respectively, and these authors have estab- 
lished the constitution of (I) by oxidising it to a^-naphthacarbazole 
with lead oxide. There could be no reasonable doubt concenni^ 
the structure of (II), but it has now been confirmed by dehydro- 
genation with sulphur to a'^^-ziaphthaearbazole, thus ^sposing of 
the alternative ^^-naphthacarbazdle skeleton (HI). 

Attempts to acetylate 7:8:9; lO-tetrahydro-a^-uaphthacarb- 
asfoie directly with acetic anhydride failed, but the action of acetyl 
chloride on magnesium 11-7 : 8 : 9 : lO-tetrahydro-ap-naphtlm- 
oarba^l bromide yielded : 8 : 9 : 

napMka(mia7S€ie. The W-henzoyl ecmipound was similarly obtained. 
An investigation of the action of nikic add on 7 : 8 : 9 : KKtetra- 
hydro-a^-naphthacarhazole and its acetyl and benzoyl derivatives 
has yielded no crystalline substance, with the exception of a 
trimfro-derivative from the benzoyl Omaipoimd. 

The action of hot acetic aishydride on 8 : 9 ; 10 : ll-tetrdiyxiro- 
a'p'-iiaphthacarhazole in the presence of a few drops of concen- 
trated sulphuric acid gives first 7-acefy2^8:9:IO; 

but a dicbcetyl derivative is soon foamed in 
which one of the acetyl groups must be attached to carbon and the 
other to nitrogen. On boiling with aqueous-alodioiie potassium 
hydroxide, the acetyl group attached to zdtrogen is removed with 
th^pm&ctioii of C-rnmoiltcet^’S ; 9 : 10 ; 11 
m^a&de^ .1^ r^tore of whidi is confirmed by the fact that it ^ves 
an minim. The point of attachment of the O-aceiyl group has not 
been determined. and 7^ienzoyiS : 9 : 10 : ll-^rai^dro- 

can be meet conveniently obtained fay 
warm id ^ Qadgnaa^d r^be^cm in processes similar to 

iStISm ^tion c£ nitric add inghkdal add sohdion on ead^wf 
theesw^Wmlivas of a^ono^iko-derivative hns benuisoledhip 
none of 
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series have products formed by the addition of OH and NO 2 or OH 
and OH to the double linkage been isolated. It is not possible to 
state definitely that such reactions do not occur, since in many 
experiments a considerable portion of the product could not be 
crystallised nor its nature determined. 

Obmpounds (I) and (II) have been reduced to 7 : 8 : 9 : 10 : 14 : 16- 
hexohydro-a^-napMhamr^ (IV) and 8 : 9 : 10 : 11 : 12 ; 16- 

(V) respectively. Theoretically 


each of these hexahydro-derivatives should exist in two stereo- 
isomeric forms (cts- and trans-) analogous to the two forms of 
hexahydrocarbazole (Gurney, Perkm, and Plant, J., 1927, 2676), 
but the formation of the ^mn^-modifiication in other than very small 
quantities in each case is not to be expected on account of the 
much greater strain in these configurations. Therefore the two 
hexahydronaphthaearbazoles here described almost certainly have 
the cis-oonfigurations (TV and V). The former can be prepared by 
the elecfsolytic reduction of the corresponding tetrahydro-compound, 
but a similar method for (V) gave a very poor yield, hydriodic acid 
and phosphoras being used finally for the reduction. 

Expbbimbntal. 

7:8:9: (I). — a-Naphthyl- 
hydraaine hydrochloride, prepared from a-naphthylamine (100 g.) 
by the meth^ of Fischer (Annalen, 1886, 232, 236), was mixed with 
alcohol (1000 c.c.) and shaken for a ^ort time at 50 — 60^ with 
crystalHsed sodium acetate (80 g.) ; cychhexainone (60 o.e.) was then 
added and, after hour, the soluMon was diluted with water (2000 
C.C.). The hydiazone separated as a sticky ma^ which was washed 
witik water and wanned with 1100 o.c. d 14% sulphurie acid (by 
voL); the compound (Z) then separated in good yield. It was 
recaystallised from facial acetic add and obtained in colourless 
needles, m. p. 139 — 140® (compare Boieohe, Witte, and Bothe, 
Zor. eiZ.). It can also be obtained by boiling ihe alcoholic mixtwi^^ 
d cnaie hydroohlmide, sodium acetate, and 

The product soon begins to separate, and can be 
koUtei m a» condii^ by adding an equal volume of water 
aiiA ^ecdbig the mixtufe. Its pierate separates from benzene in 
Wfjr dWk bfown prisms, m. p. 172® (deeomp.). All attempts to 
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nitrate the compound (I) in either acetic acid or sulphuric acid 
solution faded to yield any crystalline substance. 

Oxidation of 7:8:9 : lO-Tetrahydro-a^-no^hthacarbazoU , — 
mixture of this compound (6-8 g.), sulphur {2 g.), and quinoline 
(20 c.c.) was boiled for 45 minutes, cooled, and poured into a mixture 
of ice and dilute hydrochloric acid. The sticky product was washed 
with dilute hydrochloric acid, dried, mixed with a little iron filings, 
and distilled. The ap-naphthacarbazole obtained crystallised from 
benzene-petroleum in colourless needles, m. p. 225 — ^226®. It 
dissolved in concentrated sulphuric acid to give a yellow solution, 
which changed to a dark green on the addition of a drop of con- 
centrated nitric acid. There is no doubt that this product is 
identical with the ap-naphthacarbazole previously described (com- 
pare, e.^., Japp and Maitland, J., 1903, 83, 267 ; Borsche, Witte, and 
Bothe, he. cit ; Bucherer and Schmidt, J. pr. Chem.^ 1909, 79, 384). 

ll-Acetyl-7 : 8 : 9 : lO-ietrahydro-oL^-mph^iacarbazole. — ^Magnesium 
(4-8 g.) was dissolved in a mixture of ethyl bromide (16 c.c.) and 
ether (150 c.c.). When a solution of the compound (I) (25 g.) in 
dry ether was slowly added, a brisk evolution of ethane occurred 
and a dark oil separated. . The mixture was treated gradually with 
acetyl chloride (15 c.c.), warmed on the water-bath for a few minutes, 
and then cautiously treated with ice and dilute hydrochloric acid. 
The whole was extracted with more ether, and the extract was 
washed with aqueous sodium carbonate and dried over potassium 
carbonate. After removal of the solvent, the residue was crystallised 
from glacial acetic acid or methyl alcohol, from which 11-acefyZ- 
7:8:9: lO-tetrahydro-a^-mphlMcarbazole separated in colourless 
needles, m. p. 125® (Found : N, 6*2, CigHj^ON requires N, 5*3%). 
This acetyl derivative is slightly soluble in cold ether and alcohol, 
readily soluble in benzene, and practically insoluble in petroleum. 

11-BenzoyUl : 8 : 9 : lO^drahydro-oL^-naphthacarbazole was pre- 
pared similarly, benzoyl chloride being used in place of acetyl 
chloride. The crude product was a dark yellow syrup, which 
crystallised on treatment with glacial acetic acid, and after re. 
crystallisation from petroleum (b. p. 100 — 120®) ll^beTizoyh 
7 •: 8 : 9 : 10-tetrahydro~cc^-mpMhamrbazoh separated in short, 
yellow needles, m. p. 146 — 147° (Found : N, 4-3. C23Hi90N 
requires N, 4-3%). 

When a solution of the benzoyl derivative (1 g.) in glacial acetic 
acid (10 c.c.) at 95® was treated with nitric acid (5 c,c, of d 1-4), left 
at 100® for I hour, and then kept over-night, trinUroAl-bemoyi^ 
7:8:9: lO-tetraJi^ro~cc^'^7mpM?H:tcarba^ separated ; aft^ re- 
<^yBtid&ation from.vaoetone, it was obtained in yellow needle 
m. p. 256° (decomp.) (Foumd 0, 60-8 ; H, 3*3 ; N, 12-2* " 
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reqTiiiBS 0, 60-0; H, 3-5; N, 12-2%). Attempts to control this 
reaction in order to isolate simpler products yidded no crystalline 
matanal. 

7 : 8 : 9 : 10 : 14 : 15-Hezahffdm-«^-napMiacatiazok . — A solution 
of the compound (I) (10 g.) in a mixture of sulphuric add (100 e.o. 
of d 1*5) and alcohol (100 o.c.) at 80® Tvas submitted to deotrcdytie 
reduction during 20 hours, lead electrodes aud a current ai S amja. 
(0*03 amp. per sq. cm. of cathode) being used. The mixture tras 
diluted uith ^vater (300 c.c.), filtered, and made alkalme tvith con- 
centrated aqueous ammonia. Ether extracted an oil whidi solidjjled 
when left in contact with petroleum. On recrystaUisation from a 
small quantity of methyl alcohol, 7 : 8 ; 9 : 10 ; 14 : 15-keaxtkpdn>- 
u$-nafj^1utoatiaeol& was obtained in cdourless needles, m. p. 88° 
(Pound: C, 86*2; H, 7*7. requires C, 86*1; H, 7*6%). 

The base soon derelops a mauTe colour on exposure to the air, is 
readily soluble in ether with a blue fluoxesoenee, and ^vee with 
mineral acids salts which are only tii^tly soluble in water. 

A sdution of the lose (2-2 g.) in facial acetic acid (7 c.c.), after 
bmng treated with eonoenhrated nitiie ac«i (2 o.c., previously treated 
with urea xdtrate) disecdved in aastic acid (3 c.c.), was diluted with 
water (ID c.c), aj^ made alkidine with ammonia. Ether extracted 
a syrup' ' whidh was crystallised from alcohol, dinUro- 
7 : 8 : 9 : 10 : 14 : 16-hexahtfdro-K^-ne^pMuuxiri^^ s^^taxating in 
anudl, yelhnr needles, m. p. 139 — ^140° (Pound : N, 13*6. CijHjgOgNg 
requires N, 13*4%). 

ll-Aea^7 : 8 : 9 : 10 : 14 : l5dieza^ydxo-%^mpMwmtbmAe . — A 
laixtime ci 7 : 8 : 9 : 10 : 14 : 15-hexshydio-a^-na]^t}raoaihasole 
(2 g.) and acetic anhydride (10 o.c.) was boiled iw 5 miimteB, allowed 
to eool, diluted with water, and left ovmr-night. The product 
crystallised from a small quantity of petrcfieum (b. p. 8OMLO0®) in 
ksig, odoorless needles, m. p. 132® (Pound : N, 5*3. CjsS^gOH 
requires N, 5*3%). 

lln6eiis^-7 : 8 : 9 : 10 : 14 : lS.jiemj^dbic-oeP-«qpAAoie^^ — 
The base (5 g.) was diahen with aqueous soitiaxa hydfoodde and 
beezoyi chloride (6 g.). The product a^iaiated as a mystaSine 
mass and after reeaystidlkBtyB' fiuiia meth^ ahxdHfi was oht^ed 
in coloQtiesB needles, m. p. 14)8—1^® (found : . N, 4-3. C^^BgjON 
requires N, 4*3%). 

8:9: 104 (IX). — This 

stance #es ohtaiBed hy iwpsaoess shuilair to that deathbed for cbm-" 
peaaii4 IQh' hot umie P-aaphti^ydrazme hydrochloride. It 
B0|i||('Blitt fomh g jia sio l acetis acid in oolouriees prisms, m. p. 137® 
{Viapd: Oak.: 0, 86-9; H, 6-8%). Borsche, 

Botibe Qoc, dt.) give the m. p. 152°. TOien equal 
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quantities of the compound (II) and picric acid were mixed in hot 
alcohol, the solution filtered and allowed to cool, ihspicrate separated 
in black needles, m. p. 194° (deoomp.). Attempts to nitrate the 
compound (11) yielded nothic^ crystalline. 

Oxidation 0 / 8 : 9 : 10 : ll-Tetrahydro-oi.'^'-naph^acarbazole. — This 
was carried out as described on p. 1843. The semi-soUd distillate 
was dissolved in toluene and the solution was dried over oalmum 
chloride, filtered, and treated with a toluene solution of picric acid. 
The crimson piorate, m.-p. 165 — 168°, which separated was decom- 
posed by grinding with dilute aqueous sodium hydroxide, and the 
product was dried and recrystallised from benzene-petroleum; 
a'^'-naphthaoarbazole then separated in colourless plates, m. p. 
134—135° (Found: C, 88-7; H, 6-1. Calc. : C, 88-6; H, 6-1%). 
The mixture with compound (II) melted completely below 110°. 
a'p'-Naphtihacarbazole, prepared in this way, dissolved in concen- 
trated sulphuric acid to give a yellowish-brown solution which 
turned yellowish-green on addition of a drop of concentrated nitric 
acid (compare UUmann, Awnalm, 1904, 332, 102), and gave a 
piorate which separated from toluene in crimson plates, m. p. 175° 
(compare Japp and Maitland, loc. dt.). There can be no doubt, 
therefore, that this product is identical with the a'^'-naphthacarbazole 
previously described. The isomerio pp'-nsphthacarbazoLe melts at 
330° (Graebe and Knecht, Anmd&n, 18^), 202, 1). 

A<xtyl I>eHvcitivea 0 / 8 : 9 ; 10 : ll-reiraftydro-a'p^TwpSiikscorlkKajfe. 
—Boiling aioetio smhydride alone has no action on the compound 
(II). When, however, the substance (10 g.) was boiled fdc 45 
minutes with acetic anhydride (60 c.o.) contaimng a drops of 
conc^tirated sulphuric acid, a dark green solid separated. After 
recrystallisation from glacial acetic acid containing some charcoal, 
a G-acetyl-7 -aoetyl-8 : 9 : 10 : 11-idrcdtydro-x'^' -napJc&aearbaeciA 
separated in greenish-yellow prisms, m. p. 185° (Found : 0, 78*8 ; 
H, 6-2; N, 4-7. CJaoHisOaN requires C, 78-7; H, 6-2; 4^%). 

diacetyl derivative (4 g.) was heated on the watw-bath for 
I hour with potastium hydroxide (8 g.) dissolved in aqueous aloohcd, 
the alcohol distilled off, and the residue treated with water ; C-oce^- 


8 : 9 : 10 : ll-tetraJtydro-a'^'-napMJuuxtrbaaole then rfenaihed ; aj^ 
after crystelHsatioa from alcohol was obtaioed in yellow |dates, 
m. p. 213° ^«u»d ; N, 5-2. requires N, 6’3%). This 

regenerated ti» diaed^ compound (m. p. 185°) when trusted wi^ 


acetic anhydride agd a drop <ff otmcenteated «dphiiirio 
water-beAh,.aosid when boiled f<w an hour witih an exmss of hy#B^i 
amine hyd]: 9 chlorideandsQ^uiiai -acetate in alcohQi,.ytelded 
whji^ .£icy^mlited.4^|^ yeHonpi^^wf#^ 
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When the compound (11) was warmed on the water-bath with 
acetic anhydride containing a few drops of concentrated sulphuric 
acid for 5 minutes only and the mixture cooled and diluted with 
water, the product, after crystallisation from alcohol and then from 
glacial acetic acid, yielded 7-aceiyi-8 ; 9 : 10 : ll-feimA^^dro-a'p'- 
vapMkacarbazole in colourless plates, m. p. 162° (Found : N, 6*2. 
CjgHiyON requires U, 6*3%). Owing to the readiness with which 
the diacetyl derivative (m. p. 185°) is produced, it is, however, 
difficult to prepare 7-acetyl-8 : 9 : 10 : ll-tetrahyro-a'p'-naphtha- 
carbazole in any quantity by this method, and a much more satis- 
factory process is to use the Grignard reagent as described above 
for the preparation of ll-acetyl-7 : 8 : 9 : 10-tetrahydro-otP-naphtha- 
carbazole. In this case the ju'oduct was practically insoluble in 
either the ether or the aqueous layer, and was collected by filtration 
and recrystallised from glacial acetic acid. 7-Acetyl-8 : 9 ; 10 : 11- 
tetrahydro-a'p'-naphthacarbazole was hydrolysed to the compound 
(11) on boiling its alcoholic solution with potassium hydroxide for J 
hour, the product being obtained on diluting the solution with water. 

7-Acetyi-8 : 9 : 10 : ll-tetrahydro-a'p'-naphthacarbazole (5 g.), 
dissolved in glacial acetic acid (60 cn.) at 95°, was treated gradually 
with nitaric acid (2 c.c. of d 14) in a little acetic acid. Almost 
immediately a yellow product {2-5 g.), melting indefinitely at about 
190°, separated. It was collected after a few hours and crystallised 
from toluene and th^ from cycfohexanone. After further reerystal- 
lisation from c^dohexanone a : 9 : 10 : 11- 

was obtained in bright yellow 
needles, m. p. 222° (Found : N, 9-0. CigHjgOgNg requires N, 9-1 %). 
It was evident that this is not the only product of this reaction, but 
efforts to isolate any other substance in a pure conditi<m have so far 
been unsueoessful. 

7-JSenzo^-8 : 9 : 10 : il-idraA|/iiro-a'p^wopitikKX^^ — This 

derivative was obtained by a proce^ similar to that described for. 
ihe corresponding ll-ber^yl-7 : 8 : 9 : 10-teitrahydro-Gcp-naphtha- 
carbaz(de. After crystallisation from glacial acetic acid, it separated 
In dusters of yellowieh prisms, m. p. 139° (Found : N, 4*3. 
requires ST, 4-3%). 

7-Benzoyl-8 : 9 : 10 : ll-tetrahydzo-a'^^mphthacarl^^ (2 g.) 
was dissolved in ^adal acetic acid (40 c.c.} at 80° and treated wiljh . 
nibric acid (1-S c.c. fd 4 1-5) in a iittie ^adal acetic acid. The 
mixtigire was coded and scnae days and the]^roductwas then 

edleeted and exysitallised from acetone, from which wmcmiro-l- 
bemoflS i #-: 10 ; separated m 

p. a»— 209° (Found : C, 748 ; H, 5-1. 
requires 0,74*6; H,49%). 
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8 : 9 : 10 : 11 : 12 : 15-HemhydTO-cL^'-7uipMia^ — mix- 
ture of the compound ( 11 ) (10 g.), red phosphorus (7 g.), and hydriodic 
acid (70 c,c. of d 1*9) was boiled for 18 hours, cooled, made altaline 
with aqueous sodium hydroxide, and extracted with ether. The 
extract was washed with water and dried over potassium carb- 
onate and then dry hydrogen chloride was passed into it. 
8 : 9 : 10 : 11 : 12 : hydrochloride 
separated ; after recrystallisation from hot water, it was obtained 
in small, buflE-coloured prisms, m. p. 265® with sublimation (Found : 
C, 73-7 ; H, 7-0. Ci 0 Hi 7 N,HCl requires C, 73*9; H, 6*9%). The 
base, liberated by treating the hydrochloride with aqueous sodium 
hydroxide and isolated by means of ether, was obtained only as a 
syrup, b. p. 198 — ^202®/10 mm. 

7 -Acetyl -8 : 9 : 10 : 11 : 12 : l5-hemhydro-a^'-7iaph^acarbazole 
was obtained by boiling the base with acetic anhydride for 5 minutes 
and then diluting the solution with water. It separated from dilute 
alcohol in colourless plates, m. p. 120® (Found : 5*2. OigHiaON 

requires N, 6*3%). 

7-Beim>yl-8 : 9 : 10 : 11 : 12 : 16-hemhydro-(xf^'-imphth£mrbazok . — 
A mixture of the base (2 g.) and benzoic anhydride (2*4 g.) was 
heated at 160®, cooled, dissolved in chloroform, washed with aqueous 
sodium carbonate, and dried over potassium carbonate ; the solvent 
was then removed and on crystallisation from petroleum (b. p. 60 — 
80®) the product was obtained in colourless prisms, m. p. 131® 
(Found : N, 4*3. CggHgiON requires If, 4*3%). 

One of us (S. H. 0.) desires gratefully to acknowledge the receipt of 
a grant from the Department of Scientific and Industrial Research 
which has enabled him to take part in this work. 

The Dyson Pubbins Labobatoby, 

OxroBD. [Beceived, April 24ih, 1928.] 


QCXL . — The Preparation amd Properties of Pure 
Phosphorus Trioxide. . 

By nwrRTS TTOA Obthoessask Mii^esb. 

Tes lumiiiesoeaoe exhibited by slowly oxidisiiig phosphorus tadoxide 
has been, frequently comment^ on and studied since the preparation 
at the oxide by Ihoipe and Tutton (J., 1890, 57, 515} and ihdff 
study of its properties. Many have been the attempts to find the 
relaticm between the flowing of phosphorus and the glowing 
its oxide. Although the .]3pt.Oi^uhti(B;ks for piodiurthm of 
in the two cases me by no 3aae8i>s tto same, tWe ' 
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points of resemblance; for example, Emeieus (J., 1925, 127, 1362) 
established the identity of the ultra-violet band spectra, and Down^ 
(i&id,, 1924, 425, 347) showed that the light from each is capable 
of ionising oxygen; also Scharff {Z, physihd. Chem^^ 1908, 62, 179) 
found that substances which inhibit the glow of phosphorus likewise 
inhibit that of the trioxide. 

The possibility of the glow being due to phosphorus in the oxide 
was considered by Thorpe and Tutton but rejected as unlikely. 
It is now shown, however, that Thorpe and Tutton did not study an 
oxide free from phosphorus, and that many properties supposed to 
be characteristic of phosphorus trioxide may, indeed, be due to 
dissolved phosphorus. 

In an earlier paper (Miller, Proc. Boy. Soc. Edin., 1926, 46, 76) 
it was shown that there was a connexion between the glowing of 
phosphorus trioxide and the prince of water vapour. The effect 
on phosphorus trioxide, in evacuated bulbs, of wate vapour derived 
from certain salt-hydrate mixture was such as to indicate the 
possibility of formation of hydrides of phosphorus. It has since 
beaa found, however, that the use of hydrated chlorides and 
sul^iateB leads to egromow results owing to the liberation of 
hyxirogen chloride from chlorides and of sulphur dioxide from 
s^j^tes. When chlozides are used, gaseous hydrogen phosphide 
has bew definitely proved to be amorgst the final products, but its 
formatioii is due to complicated reactions which ensue between the 
hydrochloric acid and the phosphorus trioxide, not to direct action 
of aqueous, vapour on the trioxide. When sulphates are used no 
hydrogen phosphide is produced. The very riight mcriKise of 
pressure observed when water itself was the source of moisture is 
now attributed to carbon dioxide initially dissolved hi okide 
and liberated in part by the ccmversion of phcK^orus trsoxide 
into pho6]^orous[acul. In subsequent experimarts water vapour 
at various pressures was obtained by the vm of aqueous solutions 
of ortlrophosphorie acid, which produced no pressure change in 
preset ct phosphors trioxide in evacualed bufibs. • 

The Baie of (hiicdion of Phoa^^ioma Trioxide. 

The rate of ^e^ridaiion hi msygm, at 4t i^oie^horus trioxide, 
to method and 

k acid ; 

fuMfoal ^ so ' so 90 97 

1*3S5 1*629 1*743 1*845 

16*7 4*0 1*2 0*2 

^ sorisliarlB was excliiided from tiie apparatus oxygen was absorbed at an 
didvr rate.) 
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The apparatus (shown to the left in Kg. 1) was a slight modification 
of that used with hydrate mixtures Qm. cU.) and consisted of a bulb 
into one end of which was sealed a glass boat. Phosphorus trioxide 
was run into the boat at a and phosphoric acid into the wide tube at 
h. On to the apparatus was sealed a mercury manometer, and the 
whole was held pivoted at c so that an up and down movement could 
be effected as shown by the arrow. The volume of the bulb was 
a TniTtiTnum, 30 c.o., so as to maintain the saturated vapour pressure 
of phosphorus trioxide, and the shaking device prevent film 
formation on the liq^uids. 

Fict. 1. 



In all experiments the same quantities of liquids were used, m., 
0-2 0.0. of j^osphorustrioxicte azul 8 e.a of aphoi^horic aoidsdu&tn, 
a ohoibe which did not introduce a marked change in the preesorev 
of water vapour as the oxide was used up. The apparatus eontaining 
phoEpluxue acid was evacuated, and oxy^, gmierated by heating 
potassium permanganate, passed in till its partial pressure wsa 
100^110 mm. After the appaiatus had been heated to l^pdd 
pho^lsOruB tdoMio was run into th&'boat and prassimei 
were made at iutes^vals. 'Thepi^ur»d£a3BeurveB(h^.2}iBiEH4Bale 
the x]itim9<oi>tite reso^’? > ‘ . 

Expdrim&ft oi- wii»'>sdpHsurldiMr.aM^>. 
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low — 0-2 mm. — oxygen was absorbed at a slowly increasing rate 
tmtil all had gone in 1| hours. During oxidation, glowing and 
Haabing took place in the vapour phase, the luminescence always 
tending to be away from the phosphorus trioxide source, f.e., not 
above the boat. Luminescence was all the time of the same nature, 
but brighter at lower pressures, and it faded and disappeared 
abruptly when nearly all the oxygen was used up. Most of the 
phosphorus trioxide seemed to be oxidised. 

Eio. 2. 

120 



20 


20 40 60 80 100 120 

Tifm {minutes.) 

0 Pressure of ioater vapour 0-2 mm. ; □ 1*2 mm. ; 

X 4*0 mm, ; • 16*7 mm. 

EpsperimeM 2. The rate of absc^tion of oxyg^ in presence of 
1-2 mm. pressure of water vapour was similar to that in Expt. 1, 
but the rate fell oS after about 70 minutes, ^e glow phenomena 
up to this pmnt ymce also similar, except that glowing took place 
to a slight extent above the boat. After 90 minutes, when the rate 
of oxidatkm was slower, there was permanent glowing round numerous 
aolM parades in the boat. This was not observed when the pressure 
water vapour was very low. No phoq>horus trioxide remained. 
Sxpmmeni 3. When the pressure of wat^ vapour was 4 mm. 
the rate oxidation for 40 minutes was similar to that in the two 
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preceding experiments. The glow tended very early to pass above 
the boat, and steady glowing showed at numerous points in the boat, 
earlier than in Expt. 2. The passing of the glow to the boat coin- 
cided with a reduction in the rate of absorption of oxygen and with 
the disappearance of phosphorus trioxide. 

Experiment 4. With a high pressure of water vapour, flashing 
occurred after a few minutes above the boatf and in 10 minutes 
steady glowing took place in the boat. The phosphorus trioxide 
was practically all used up. After ^ hour the only glowing was 
that round the solid particles in the boat, and the fairly rapid 
initial rate of oxygen absorption had given way to a very slow 
absorption. 

In these experiments it was found that the bulk of the phosphorus 
trioxide was converted into phosphorous acid, which did not absorb 
oxygen under the conditions prevailing. When the pressure of 
water vapour was high, this conversion was very rapid, and the 
subsequent slow rate of oxygen absorption was therefore not due to 
phosphorus trioxide. In all experiments, after the oxygen was 
used up, a small, insoluble residue, consisting of minute particles 
surrounded by liquid, remained in the boat; this was apparently 
phosphorus, for it glowed in air. The glowing previously observed 
in the boat was around these particles. As a test, 40 mg. of phosphorus 
were disintegrated in 2 c.c. of a 50% solution of phosphoric acid 
and part of the mixture was oxidised as in Expts. 1 — 4. Glowing 
took place round the solid [particles and the pressure fell at a 
measurable rate, depending on the quantity of mixture present and 
on the amount of liquid surrounding the particles. The appearance 
of phosphorus in the boat in Expts. 1 — 4 was attributed to phosphorus 
originally dissolved in the phosphorus trioxide and set free by the 
conversion of the oxide into phosphorous acid. As the phosphorus 
trioxide might contain 1% of phosphorus, as judged by results of 
analysis, its rate of oxidation was compared with that of a 1% 
solution of phosphorus in parafiSn oil. With the latter the pressure 
of oxygen fell 100 mm, in 3 — 4 minutes. This rapid rate of oxid- 
ation therefore bore no resemblance to the rates found for phosphorus 
trioxide. Glowing appeared only at the surface of the paraffin 
solution. 

The rate of oxygen absorption by phosphorus trioxide, with low 
water- vapour pressure, was examined at constant pressure and 
volume. The boat tube was connected as shown in Kg: 1 with a 
45—55 c.c. oxygen reservoir, to which were attached a mercury 
manometer, reading up to 800 mm. pressure, and a flask in Which 
oxygen was , generated by heating potassium permanganate, apad 
dried by pass^. a ishort eplumn of phosphcra ' 
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The boat apparatus was provided with a manometer, registering 
up to SOO mm. pressure, which on account of its weight was attached 
at e by means of rubber tubing to the reaction bulb. The latter 
was moved up and down as before. The boat apparatus and as 
much as possible of the reservoir were put in a thermostat at 26®. 
The volumes of the reaction vessel and of the reservoir between 
6 and e were known for all pressures. 

Tn an experiment, the reservoir was charged with oxygen at a 
pressure about 300 mm. above the constant pressure required; 
8 c.c, of a 97% solution of phosphoric acid and 0-5 g. of phosphorus 
trioxide were run into the reaction bulb and the apparatus was 
quickly evacuated between a and d. Tap / was closed and osygen 
admitted to the evacuated bulb through tap 6 until the pressure 
was just below that required. The rate of inflow was controlled 
by means of the narrow capillary, gr. When the apparatus had 
been 10 minute in the thermostat, the pressure in the reaction 
vessel was carefully adjusted to the constant-pressure mark by 
admitting oxygen from the reservoir. Immediately after closing 
tap 6, the time was noted and the pressure in the reservoir read off. 
Pressure in the reaction bulb was ntext aflowed to fall not more 
ihan 5 mm. and then raised by admianon of oxygen to about 5 mm* 
above the constant-pressure mark. The pressure fell again from 
this point, and the times of reaching the constant-pressure mark 
and ^e pressure cS the reservoir were noted. Headings were made 
at intervals for If hours or until the phosphorus trioxide was 
exhansted.. Prom &.e change in PF, the product of the pressure 
and the veiume of the reservoir, the amount of oxygen absorbed in 
a given time could be determined. For an exp&nmmt p^formed 
at 25° and at constant pressure ^100 ± 4 mm.) the following results 


ware obt^ed : 

t (mias.). 

F (cm.). 

F 

PF. 

(FF)e-(PF)* 
« (aPF),. 

0 

31-35 

50-5 

- 1583 

0 

7-5 

31-0 

50-5 

1566 

17 

25 

30-15 

50-4 

1520 

63 

2fh5 ' 

29-9 

60-4 

1507 

76 

36 

29*55 

$0-35 

1487 

96 

42 

g9-2 

66-3 

1469 

114 

49 

28*8$ 

50-3 

1451 

132 

57 

28*3$ 

$0-2$ 

50^2 

142$ 

15$ 

67 

27-8 

1395 

188 

76 

27-4 

60-15 

1374 

m 


26-9 

$0-1 

1348 

235 

90-5 

264 

. 50-1 

1323 

280 


The in PF in am tune t, (&PF)„ was equivalmit to the 
fiSmm dIbmtbeA (in e.e. at 25® and 1 cm. pressure). 

Sxnept for a e^kt initial retardation, the rate of absorption was 
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practically constant. Experiments performed with the pressure 
of oxygen constant at 600, 300, 200, and 60 nun. gave results of 
the same type, but showing diifferent rates of absorption of oxygen. 
In order to compare the rates, the amount of oxygen absorbed in 
60 minutes, (§PF)6 oj "^as determined for each and the correspond- 
ing curve constructed (Eig. 3). It was unnecessary to correct for 
the change in volume of the reaction vessel with pressure, for the 
reaction only took place in the bulb part, which was the same for all. 

An experiment at 25 mm. pressure was unsatisfactory, as the rate 
of oxidation on two occasions suddenly increased considerably. 
Pig. 3 indicate that the rate of oxygen absorption may become v^y 
great at pressures below 60 mm., an indication, probably, of ignition. 


Pig. 3. 



The results, which were all obtained with one specimen of phos- 
phorus trioxide, showed that the rate of absorption of oxygen beffcween 
600 and 300 mm. pressure was practically constant but increased 
regularly as the pressure fell below 300 mm. This bore aresemblamie 
to the rate of oxidation of phoa^orus in moderately dried oxygen 
(see Russell, J., 1903, 83, 1263). 

In all experiments the position of the lummescenee was striking. 
Bright dashiz^ occurred principally below the Imat, just above tiie 
acid surface, or at the end of the tube beyond the boat, i.e., away 
from the source of phosphorus trioxide and near ihe water-vapeur 
source. Attention has already been directed to the appeeraame of 
luznmescence at sources of me^istare at coirsiderabla dtetancas^fem 
the Proc^ Soc: ESn., 1926, 48, 339). M 

the e&m with 
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paoiiially evacuated apparatus, it was difficult to imagine that in 
every instance phosphorus trioxide existed where luminescence 
appeared. Could the luminescence have been due to dissolved 
phosphorus ? And if so, why did not luminescence appear at the 
suiface of the liquid oxide as in the case of phosphorus dissolved in 
paraffin oil? The only explanation seemed to be that phosphorus 
trioxide prevented the luminescence of phosphorus. Phosphorus 
trioxide vapour containing phosphorus would therefore only lumin- 
esce if something were present to destroy the phosphorus trioxide. 
Water vapour, which is essential for the luminescence at the ordinary 
temperature, has this effect. One would then expect phosphorus 
trioxide to destroy the glow of slowly oxidising phosphorus. The 
following experiment was performed. Below the boat of the 
apparatus in Pig. 1, 5 c.c, of a solution of phosphorus in paraffin oil 
were introduced. Oxygen was present initially at 50 mm. pressure, 
and the solution glowed quite brightly at the surface. The pressure 
fell 29 mm. in 28 minutes. The experiment was started afresh, and 
after a minute 0-5 g. of phosphorus trioxide was run into the boat. 
The glow was immediately extinguished, and the pressure afterwards 
fell only 16 mm. in 170 minntes. This was not further studied, but 
the ob^rvation favoured the foregoing explanation that the glowing 
of phosphorus trioxide might be due to dissolved phosphorus. 

Owing to its mode of preparation, the crude phosphorus trioxide 
contained phosphorus, which was no doubt partly removed by dis- 
tillation. When the distillation proceeded too far, small globules 
of phosphorus accompanied the liquid phosphorus trioxide into the 
receiver and appeared not to dissolve to any extent. The phosphorus 
trioxide ordinarily used was therefore probably a saturate solution 
of phosphorus in phosphorus trioxide. Distillation over copper 
was not specially effective in removing phosphorus. Analysis, as 
previously mentioned, su^ested the presence in the oxide of 1% of 
phosphoras. The well-known reddening of phosphorus trioxide in 
light has also been attributed to dissolv^ phosphorus. It is 
significant that the actual extent of decomposition is slight ; for 
InstaaEsoe, Thorpe and Tutton (J., 1891, 50, 1019) found only 1% of 
red phc^horus in a sample of oxide exposed for 7 months to light. 

In oxder to deteErmine the part, if any, played by phosphorus in 
luminous oxidation of phosphorus trioxide, it was obvious that 
the psepsration of a phosphorus-free oxide was desirable. An 
unsueceesful attempt was made to dehydrate pure phosphorous acid. 
In asm&er attempt phosphorus trioxide was exposed to light in an 
evaeuated bulb, and Ihe oxide was volatilised from the red solid 
at 25® into a second bulb where it was again exposed. Reddening 
occurred as before and the process was once more repeated. The 
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reddening effect was purely a superficial one. The light seemed 
to affect the white, opaque phosphorus trioxide, not the transparent 
crystals which sometimes formed, li the latter were melted and 
resolidified, they gave a white opaque solid which was affected by 
light. As there was apparently no diminution in the amount of 
reddening in the third bulb, this attempt to separate phosphorus 
was abandoned. 

The next method adopted was the recrystallisation of freshly 
distilled phosphorus trioxide from a suitable solvent. Carbon 
disulphide is by far the best solvent for phosphorus but phosphorus 
trioxide also dissolves readily. A preliminary trial showed, how- 
ever, that it could be employed if the temperature of recrystallisation 
was about —18° and the amount used was small. The solvent 
was dried and distilled over mercury before use. Carbon di- 
sulphide is known to be a strong inhibitor of the glow of phosphorus, 
but it was found that there was no diminution of the glowing of a 
specimen of phosphorus trioxide after it had been dissolved in carbon 
disulphide and the solvent removed by evaporation, finally with the 
aid of a pump. 

The Recrystallisation of Phosphorvs Trioxide, — As a trial a small 
quantity of freshly distilled phosphorus trioxide was recrystallised 
four times from carbon disulphide in an atmosphere of carbon 
dioxide. The solvent was then expelled by a fairly rapid stream 
of carbon dioxide, and the purified oxide, about 26% of the original 
bidk, transferred to a boat apparatus (Fig. 1 ) and oxidised at 25° 
in presence of a 97% solution of phosphoric acid and oxygen at a 
constant pressure of 100 mm. (comparep. 1851). At firstno glowing 
was seen, but after a time there were occasional bright flashes with- 
out pressure change in 60 minutes. It was suspected that a trace 
of carbon disulphide was responsible for the lack of oxidation. The 
apparatus was therefore re-evacuated and fresh oxygen passed in. 
Slight glowing occurred and the pressure fall corresponded to 
(§PF) 4 o == 5*2. After a further evacuation and addition of oxygen 
the pressure fall was practically the same. The rate of oxidaiuon 
of ordinary distilled phosphorus trioxide was previously found to 
be represented by ($PF )40 = 108 (see table, p. 1862), therefore 
the rate of oxidation of the purified oxide was reduced to one- 
twentieth of the original, probably corresponding to a similar 
reduction in the amount of dissolved phosphorus. The phosphorus 
trioxide obtained from the mother-liquor was found to oxidise at 
the normal rate. 

These results showed that greater care had to be taken in eliipisat- 
ing solvent, from tbo , purified oxide. The apparatus % 

Pig* 4 was design^ed fo 35 |€py^ expeaiments. It 
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of a flat-bottomed tube provided with a side tube through which 
the mother-liquor from the crystals could be poured. It was 
further provided with a rubber stopper holding a small tap-funnel, 
and with a glass rod to which was attached by platinum at the 
low^ end a perforated porcelain disc of nearly the same diameter 
as the tube. The disc could be moved up and down the tube Eke 
a piston. Dry carbon dioxide was passed into the apparatus as 
shown. IVesUy distilled phosphorus trioxide and carbon disulphide 
were mixed by stirring in the tube and cooled to — 18°, the perforated 
disc being moved up and down to prevent formation of crystals 

Fig. 4. Fig. 5. 

E 




onthewalls. The^ciystals were then sdlowed to settle and the disc was 
pressed down to force out the Uquor . The latter was quickly poured 
oS into the side bulb and thence removed. The recrystalHsation 
was repeated and the carystals were finally washed with cooled 
carbon disislphkie. The purified oxide was melted, transferred to 
a smaH tube, and solvent removed by evacuation with an oil pump, 
the oxide meanwhile being inany times melted andresoEdified. THke 
ykM of oxide was sli^tly i^^er than before. The specimen glowed 
whw rubbed on the fing^, and in ozonised oxygen, bnt did hot 
on cotton wool. oxidised according to the usual 

metliod the imioimt of oxygen absorbed was (BPV}^^ = 9, sEghtly 
mkm than before, and there was quite bright flashiug at intervals. 
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The waamom amoimt of oxygen absorbed by this oxide corre- 
sponded to little more than 0-1% of dissolved phosphorue. 

light petroleum (b. p, 40—60®) was tried in ease the preceding 
results were due to carbon disulphide. JReoryst^lIisation was 
effected five times and the solvent removed as before. The amount 
of oxygen absorbed by a portion of the .oxide was equivalent to 
(SPF) 4 o = 27, three time* the value found above. If the oxidatiou 
was due to phosphorus alone, this result indicated that there was 
three times as much phosphorus left in the oxide as in the jweoeding 
experiment and one-quarter of the amount present in the ordinary 
distilled oxide for which was. 108. One might expect to 

obtain identical results for the rate of absorption of oxygen by the 
three specimens of phosphorus trioxide obtained by saturating the 
two purified oxides and the unpurified oxide (if not aJ^ady saturated) 
with phosphorus at 26®, For the first two the values of (&PF) 4 j 
were found to be 92 and 90, and for the last, 100. The two lower 
values. were attributed to the fact that caily minimum quantities of 
the solutions were prepared and phosphorus sepEuated slightly while 
the oxides were being measured out. This did not happen with the 
third specimm. The value 100 was lower than that previously 
obtained for phosphorus trioxide, viz., 108. The latter value was 
due to the use of oxide melted at 30 — 40°, which contained sufficient 
phosphorus to saturate it at a temperature above 25° and mcae ibmi 
enough to saturate it at 26°. 

The lecrystallisation of a much larger quantiiy of phps^orus 
trioxide was att^pted. light petroleum was apparently not so 
effective as carbon disulphide in removing phcMqi^rus, but it had 
the advantage that larger quantities could be used, A comlnnation 
of methods was therefore adopted, tlie recrystallisation, being 
effected with carbon disulphide and the crystals washed with 
petroleum. 40 C.o.of freshly distilled pho^horustrioxidewmremixnd 
with one-third of the volume of pure carbon disqlphi^ and re* 
crystaHised at —18°. The crystals were pressed as firee as possible 
of liquor washed with 16 o.c. of oooled light petroleum. The 
prpcesswas twice repeated witit diminiahiTig quantities of the scdvents, 
and f(dlowed by two final washings with Ight petrcleiQU {6 P-c- 
and IQ c.c,). The crystals were melted and filteored throng ^ass- 
wool into a hottle from which air was displaced by .cssrheu 
dioxide. The yiehi was about one-third (ff the (ofgpdbp^. 

The psdfie the mQthsr-ljqnoEs was rec 9 v«e 4 , -off 
phoseas removed, and the oxide ^stiUed andf8ciysts$yiisnd|iq||fhil- 
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solution in the Tisual manner and distilled in a vacuum to give a clear 
phosphorus-saturated solution of phosphorus trioxide. 

A little of the purified oxide *was oxidised in presence of 4 mm. of 
■water vapour. The total amount of oxygen absorbed corresponded 
to about 0-02% of dissolved phosphorus. Bright flashing occurred 
under the boat during the first J hour ; after 3 hours no glowing 
was seen and the pressure remained steady. This experiment 
indicated further removal of phosphorus from the oxide. A drop 
of this purified material when rubbed on the fingers gave a bright 
but momentary glow, whereas a drop of the ordinary oxide gave a 
glow sufficiently bright and lasting to illuminate the whole hand. 
It was supposed that the purified oxide ^owed and absorbed a 
minute quantity of oxygen because of the retention of a trace of 
phosphorus. Elimination of this trace by further recrystallisation 
was impracticable, but it was thought that it might be eradicated 
by exposure of the oxide to sunlight, a process in which there was 
no further introduction of substances with an inhibitory effect on the 
glow. According to expectations the oxide reddened in sunlight, 
but not to the extent shown by the unpurified oxide. The apparatus 
shown in Kg. 5 was designed. Initially only that part was used 
which Gonsosted of the three glass bulbs joined together as indicated. 
Phosphorus trioxide was drawn into bulb A and x was sealed off. 
The three bulbs were then thoroughly evacuated and the taps closed. 
As large a surface as possible of the phoq^horus trioxide was exposed 
to li^t for a few hours and considerable reddening took place. The 
apparatus was re-evacuated and the phosphorus trioxide in bulb 
d volatilised into bulb B by heating A to 40° and cooling The 
oxide was cbgaJn exposed to light, whereupon further reddening 
occurred, and then transferred to bulb 0 for a third exposure. In 
bulbs B and G the reddening was not so extensive as in bulb A. 
The second part of the apparatus, which had not been contaminated 
with phosphorus trioxide vapour containing phosphorus, was now 
sealed on to the three bulbs, and the tube E charged with phosphoric 
oxide. The whole apparatus was evacuated and the phosphorus 
trioxide in bulb £7 volatilised ihrough the phosphoric oxide into the 
rec^ving bulb 2>. The drying tube and the bulb Z> were then filled 
witik pure, dry csarbon dioxide to atmospheric pre^ure, and portions 
of &e oxide removed as required. 

The Prt^erUe$ of Purified Phosphorus Trioxide. — 1. At the 
oidmairy temperature the oride was a transparent, crystalline solid, 
laokm^ the opaque, waxy appearance of the unpurified product, 
cawed probably by the separation of phosphorus from solution, on 
scdidification, 

2. A clear, colourless sample of purified phosphorus trioxide 
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contained in an evacuated bulb was exposed to light for 10 weeks 
in a well-lit laboratory, but, although it was several times melted 
and resolidified, it remained colourless and transparent. Crude 
phosphorus trioxide similarly treated was readily affected by light 
(see p. 1854). A second sample of purified oxide, which was kept in 
an atmosphere of carbon dioxide and used for the following experi- 
ments, was also exposed to light. The colourless crystalline mass 
assumed, during the first few hours’ exposure, a faint pink tinge 
which did not deepen on further exposure for 6 weeks. The colour 
was due to the separation of a very small quantity of red 
substance. 

3. When rubbed on the fingers the purified oxide gave no glow, 
and for a short time there was a pungent acid smell resembling that 
of hydrochloric acid. The phosphorus smell so readily detected 
with ordinary phosphorus trioxide was entirely absent. The pure 
oxide when spread on cloth did not ignite as does the ordinary 
product, but when mixed with a small proportion of the crude 
oxide, or with phosphorus, glowing and ignition were restored. 

4. The m. p.’s of the purified and unpurified oxides were deter- 
mined in a vacuum in small melting-point tubes, the oxide in each 
case having been initially volatilised through phosphoric oxide. 
The values found were : Purified oxide, 23*8® ; unpurified oxide, 
22-4®. 

5. In order to obtain an indication of the amount of phosphorus 
dissolved in the unpurified oxide, the depression constant of the 
pure oxide was found by determining by East’s method (Eer., 1922, 
65, 1051) the lowering of free 2 ±ig point produced by naphthalene as 
solute. With solutions containing 1-98 and 2*67% of naphthalene 
the lowerings were 1*85° and 2*4® respectively, giving for the depres- 
sion constant the values 11,700 and 11,200. For the lowering 
of freezing point produced by phosphorus, viz., 1-4°, a depression 
constant of 11,000 gives 1-6 g. as the amount of phosphorus (as P^) 
dissolved in 100 g. of trioxide. 

6. The pure oxide and the oxide saturated with phosphorus at 
25® were analysed quantitatively : 0-15 — ^0*25 g. was melted under 
water in a small flask and heated at 40 — 50° till converted into 
phosphorous acid. The pure oxide left no residue, whereas the unpuri- 
fied oxide left a residue of phosphorus. An excess of liquid bromine 
was added and then 3 — 4 c.c. of dST-sodium hydroxide, since hypo- 
bromite is known to oxidise phosphorous acid. Phosphorus was 
also completely oxidised. After a short time 6 e.c, of concentrated 
nitric acid were added and the solution was boiled to free it from 
bromine. The phosphoric acid was precipitated twice as magnesium 
ammonium phosphate, which was converted into pyropihoBphiiite 
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(ffoimdi, for purified oxide : 100'04, 100*05 ; for unpurified oxide : 
101-37, 10147%). On the assumption that the purified oxid© 
was entirely free from phosphorus, the last two results correspond 
respectively to 1-74 g. and 1-87 g. of free phosphorus in 100 g. of 
trioxide. 

7. The solubility of phosphorus in the purified oxide at 25° was 
detennined by shaking a weighed excess of purified phosphorus 
with about 1 g. of phosphorus trioxide in a small stoppered tube, 
in an atmosphere of carbon dioxide. The tube was first heated 
sufficiently to melt the phosphorus and then allowed to stand at 
25®. The excess of phosphorus collected into a globule which was 
easily removed, washed, and weighed. The weight of phosphorus 
dissolved corresponded to 1-71 g. per 100 g. of trioxide. Experi- 
ments 5, 6, and 7 therefore showed satisfactory agreement. 

8, The behaviour of the purified oxide in oxygen was studied. 
At 25® and in presence of 4 mm. of water vapour, the oxide nether 
glowed nor absorbed oxygen at 100 mm. or 18 mm. pressure, in 
contradistinction to the absorption of oxygen, accompanied by 
luminescence, exhibited by impure phosphorus trioxide (see Expt. 
3, p. 1859). In presence of concentrated sulphuric acid it gave no 
depQflitkm of oxides at 25® in oxygen at 600 mm. pressure, whereas 
uupurified phosphorus trioxide, under similar conations, deposited 
phosphorus tetroxide (see Miller, Proc, Soy. 8oc. Edin., 1926, 
239). At higher temperatures, the following phenomena were 

0-S— 0*3 G. of oxide was mixed with phosphoric oxide 
and Volatihsed into a 6 c.o. bulb into which pure dry oxygen was 
passed to a pressure of 300 mm. The bulb was sealed and heated 
graduisdly, but no glowing or fuming was seen below 200®. At 
about 22i0®, fuming was obeerved, accompanied by a very faint glow. 
The action was not bride, fear after J hour ^ heating at thiR temperature 
oxygen was still present. With undried phosphorus trioxide and 
moist oxygmi the result was much the same, but in a second 
similar experiment oxidation appeared at 130®. Unpurified 
trioxide gave an entirely diSerent result, igniting at 
40^ in dry oxygen at 300 nuru psressirre and using up all the o^sygen* 
When oxygem containhig 1% of ozone was passed at a slow 

rate over tlie pure phesj^homs trioxide at 25®, oxidation occurred 
without l uiftifiene enee. Undear similar conditions, ordinary phos- 
trioxide ^owed br^btiy and difficulty was ezperienced in 
fverasting %iiition. 

* Wheai the purified oxide was melted under excess of water 
and ffadmOy, it was simply converted into phosphorous 

acid, until a temperature of 75 — ^80® was reached. At this point 
defisamporitioii set in, bubbles of gas passed up through the water 
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from the oxide, and yellow and red solid products were formed. 
The gas fumed at the surface of the water and gave bright flashes. 
XJnpurified phosphorus trioxide exhibited the same phenomena 
at a somewhat lower temperature. 

When purified phosphorus trioxide in excess was sealed in an 
evacuated bulb with a small quantity of water, a clear yellow syrup 
formed, which after several days became opaque. Hie bulb was 
opened under water, but no gas was present. The amount of 
yellow solid was so small that accurate analysis was impossible — 
it is possibly a suboxide. 

10. When the purified oxide was heated m a vacuum at 300°, 
red, yellow, and white decomposition products were formed, 
phosphorus tetroxide being amongst them. The thermal decom- 
position of ordmary phosphorus trioxide gives a similar result. 

11. A portion of the pure trioxide was saturated with purified 
phosphorus at 25°. The oxide so obtained assumed on solidification 
the white, opaque appearance of unpurified phosphorus trioxide, 
glowed in air, ignited on cloth, and reddened in light. 

Summary, 

A study of the rate of absorption of oxygen by phosphorus 
trioxide in presence of water vapour at various pressures led to 
the conclusion that the luminescence of the oxide was essentially 
oonheoted with the presence of dissolved phosphorus. 

Phosphorus trioxide, as prepared by Thorpe and Tutton’s method, 
invariably contained phosphorus, the bulk of which could be removed 
by several low-temperature recrystallisations from carbon disulphide. 
The remainder was removable by exposure of the oxide to light aaad 
subsequent volatilisation from the r^ product. 

The pure oxide so obtained melted at 23-8°, i.e., 1-4° higher 
than the unpurified product, and lacked many of the proj^ies 
formerly attributed to phosphorus trioxide. For instance, it 
neither glowed nor oxidised m moist or dry oxygen at the Ordinary 
temperature and was unaffected by sunlight. When it was heated 
in a sealed bulb with dry oxygen at 300 mm. pressure, fuming and 
very faint glowing were observed at about 200"^. By addition of 
pure phosphorus to the pure oxide the properties previously regarded 
as eharaoteristic of phosphorus trioxide wc^e restored. 

The trioxide was found to dissolve 1-7 g, of pho^hmrus per lOO g, 
when saturated at 25^ 

It is not yet krmwn if the absorption of oxyg^ by the 
oxide is due to phosphorus alone or to i^osphorus and 
trioxide tc^ether, but^.this point is beiog investigated^ ' H 

A stu^y of the m 
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of phosphorus trioxide in oxygen and ozonised oxygen is being 
continued. 

The author wishes to thank Professor Sir James Walker, !F.R.S., 
for the interest he has taken and the encouragement he has given 
her in the prosecution of this investigation. 
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CCXLI . — The Action of Fluorine upon Aqueous 
Solutions of Chromium and Manganese Salts. 

By Friedrich Fichtbr and Ernst Brunner. 

Our researches on electrochemical oxidation of organic compounds 
have fully demonstrated the efficiency of a platinum anode as a 
powerful oxidising agent, and we noted especially the formation of 
organic peroxides and peracids, j^ch. are the intermediate products 
in the different forms of the Kmm reaction. Since this effect is to 
be attributed to oxygen formed under a very Mgh potential, and 
•^ince there is no fundamental difference between electrochemical 
oxidation and ordmaiy chemical oxidation, we anticipated that 
similar results could be achieved by purely chemical means if the 
reagents furnished oxygen of the same high potential. 

The positive end of the table of electrochemical potentials (first 
supplement, Deutsche Bunsen-Gesellschaft, 1916), measured in 
iV"-solutions of the respective salts, represents a number of such 
oxidising agents, several of which (6.gr., hydrogen peroxide, quadri- 
valent fead, and ozone) are frequently employed : 


Lower stage of oxidation. 

2HsO 

Co- 

Pb'- 

O* -f HsO 

2F' 


Higher stage of oxidation. 
+ 2H- 

Co- 

Pb 

O, + 2H- 
Fa 


Potential. 
H- 1-8 volts 
4 - 1*8 „ 

+ 1-8 M 

+ 1-9 „ 

■f 1*9 » 


The figures in the table are somewhat imceartapi, and the value for 
fluorine is probably too low. Von Wartenberg {Z, anorg. Ghem.^ 
1926, 151, 313) has recently found that the heat of formation of 
1 g.-mcd. of hydrogen finmnde m aqueous solution is equal to 74*6 
Cal., ms^iead ai Galv, the g^sisraliy adopted value of Berthelot 
and Moissaa. Amer. Chem. Soc,, 1926, 48, 2868) 

estimates, p^tsastial d gaseous fluorine to be as high as + 2*85 

being impossible, since fluorine reacts 

ixi8taid»iie^^ water. 

the well-known and powerful chemical affinity of 
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fluorine, its effect upon aqueous SQlutions of mineral salts does not 
appear to have been examined by Moissan, and even Ruff, who 
used gaseous fluorine in the preparation of the highest fluorides of 
the platinum metals, does not mention its use in this way. 

Our assumption that fluorine, owing to its position in the 
potential table, would act as the most powerful oxidising agent 
proved to be correct, for we have prepared crystalline potassium 
and ammonium persulphates by its action upon the corresponding 
bisulphates, and perphosphates, percarbonates, and perborates in 
a similar way (ifeZt?. OAim. 1923, 6, 640; 1926,9,467; 1927, 
10, 649). The oxidising power of fluorine is, therefore, at least 
equal to that of a platinum anode. The formation of persulphates 
from bisulphates might be written as 2KHSO4 + I'g = + 

2HP + 42*6 Cal., or as 280/' + Fg = SgOg" + 2F'. Ji we adopt 
the first equation, we should write the electrochemical formation of 
persulphates in a similar way : 2KHSO4 + 0 = + HgO, 

whereas the usual explanation emphasises the ionic reaction 
2SO4" = SgOg" + 2 Q. The difference between the two con- 
ceptions is purely formal. 

The oxidising power of fluorine, however, surpasses that of a 
platinum anode, for by introducing it into sulphuric acid of medium 
concentration we obtain sulphur tetroxide (H2SO4 + Fg = SO4 + 
2HF), a very labile compound which exists oialy a few hours and 
decomposes with evolution of ozone. Berthelot had previously 
obtained this tetroxide by treating a mixture of sulphur dioxide 
with excess of oxygen in an ozoniser. Our method gives better 
yields, but the tetroxide cannot be isolated from its solution. The 
production of ozone in the electrolysis of concentrated sulphuric 
acid with platinum anodes must, apparently, be explained by the 
intermediate formation of the same labile s^phur tetroxide. 

These reactions of fluorine upon acids or anions are capable of 
wide extension, for we have recently found that nitric and per- 
chloric acids furnish extremely labile p^oxides or peracids. We 
now describe the action of fluorine upon kations of a lower valency. 

Marshall discovered that a w^l-cooled solution of cobaltous 
sulphate in sulphuric acid gives, by electrolysis, the sulphate of 
tervalent cobalt ( J., 1891, 69, 760), and Fichter and Wolfmann {Bdv, 
Chim. 1926, 9, 1093) prepared the same salt by passing fluorine 
into a solution of cobaltous sulphate in suljfliuric add. The latto: 
noted that in such cases the anion of the salt is d importance,) im 
only the sulphate can be thus oxidised and the concentration^ cl 
free sulphuric acid has to be kept hetwemi certmn limits. 
this $|;^^obaitic sulphate requirea a 

concentration d 
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orthodox ionio explanaticai (2Co’* + Fg = 2 Co*’* + 2 F') has hith^o 
been sngg^ted, but we prefer the hypothesis that the labile suiphur 
tetroxide, formed by interaction of fluorine and sulphuric acid, k 
the true oxidising agent : 2 C 0 SO 4 + SO 4 = € 10 ^( 804 ) 3 . 

Our experiments with chromium salts corroborate this con- 
ception. ' A solution of chromium alum, acidified with rery dilute 
sulphuric acid, is not altered by the passage of fluorine for several 
hours, but if the concentration of free acid is as high as h5Ny a 
regular oxidation to chromic acid sets in, and is easily recognised 
by the change of colour from violet to orange-yellow. Higher 
oonoentraticHis of sulphuric acid up to 7*SN have the same effect. 
Ihe oxidation is certainly indirect, for if the amount of chromic 
acid is determined by titration, the fresh solution, which evolves 
ozone, has about 1-5 times the possible oxidising power. After 
standing over-night or heating on a water-bath, the excess of 
ox^hring substances is destroyed^ and the solution has an oxidiring 
value corresponding exactly to the theoretical amount of dbromio 
acid. The oxidising substsmce must be sulphur tetroxide, for it is 
effective at 0 °, whereas persulphate oxidis^ chromic salts only at 
hi^er temperatures. 

We may oosadude these esqp^dxnents that the electrochemical 
oxida^on of cfaroinium ahmfc to diromic add is also an indirect one. 
SiiBse it is essential the sul]|diuric acid be concentrated (Hdch- 
ster Farbwedfee, 10S,866, 1998), we suggest that this is 

becsuise aidd must be slroi^ mKyugh id furnish sulphur tetroxide. 

If a dilute SdlutioU el potassium dichromate is treated with 
Suorine, it becomes green and is reduced to a chromic salty most 
probabfy the fluoride. Our crude fluorine always contains free 
hydrdgen fluoride; the action of fluorine upon an aqueous eolation 
f umishesf hy&o 8 uorio add, and its oouoratration would be 
for tiie foEmation of chromic flucuM^. Xn this case, fluorme acts 
as a redudsg agent. This dontisMfletmy behaviour must be 
explained hy the intermediate formation of hydDic^en peroxide, 
tke^r 2 H 3 O + Fg H^Og -f 2HF- The fcnmation of hydrogen 

-j- .1 ju.. • 


[ i": It I V;€ : * I sY if tT;l» iT S j iJ k iT.iAi n ! 1^7 r f ^ jiTSTiiW 


iield ^adi la the propoa ce of mUi^bMia ftcM; ondeir ihe^ 
odii#fioiis tted hj pE@p(0F ae«&^ the hhte perchroauc 

h9i Aoid b texj oastaUe, loerag 

jfldHU||^plie|iHi^ldaM9|-'it tl^ aumner the seduces lot 
te tfnUSdllfwl' ^^jiPuiiMta^Tefy by prokogad tteot- 

'^‘^l^^^li»iyi|aiiilto^plaaiBaddngBdintheo!ade±ieifteit ebiMiininTn 
aW fiist, it fazoMes Ibe 

0li^|ldtf4diilbil&, tte true caidising agent, aod, fondly, it pie^emte 
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the formation of hydrc^en peroxide, and hence erf perchromio acid 
which would lead to reduction. 

Both reactions which chromium compounds undergo under the 
induence of gaseous fluorine must he explained by intermediate 
products fmxued by the action upon m>ter ox sulphuric acid. Con- 
sequently, in oxidations with fluorhm, an excess of this gas is rflten 
detrimental, iox it destroys, by secondary reactioiffi, the substamses 
which it formed fimt. 

The eleotroohemical oxidation of manganese salts has been 
inTestigated hy several authors (see a review by Sem, Z. EkMro- 
ckem., 1915, 21, 425). As the action of fluorine is in most cases a 
true counterpart of electrochmuical oxidation, we directed our 
attention to the similarity as weU as to the difierence of the two 
methods. 

When a snspensitm of manganous fluoride in water is treated with 
a stream, of flumine, it dissolves slowly, fumMung a red liquid, from 
which a aatnrated solution of pota^um flmnide precipitates the 
complex p<flassium manganifluevide, (discovered by 

dwisteDsm, J. $r. Chem., 1887, 35, 57), a pnk crystalline powder. 
In this case, we admit the possibility of a direct oxidation without 
formation of aa intmmediate {ooduot ; but teie reaction is far from 
bdngoompl^: theformatkmof hydrc^^peroxideoanbedetectel 
ftmn the beginmng, and, moreover, we have a oomjhcated equi- 
librium tetween manganous and mangamo fluorides, hydrofluoric 
a^, and hydiR^w peroxale, where the t^pmatyre, ooncmdmtion, 
ami doraftioa of timteeatm«at with fluorine are (^influence. Some- 
times the pink odour dimintehes even dnrii^ the expmimmit. 

The formation of niacganese tetrafluoride proved to be im- 
possible by this method. 

Ik most oases we used platinum vesselB for our experimente, hpt 
the metal appeared to have a oatdytlo effect in decompoGfr^ sails 
d hi^ vdenoy (compare hydrogm peroxide), espeeially ahau it 
had lost its smoothness. To avoid this dmiger, we en^byed 
gra|hite bealcara, but even wffh this preeauMon it wus impossihlB 
to obtaan manganeae tetrafiuodde. ikrther, a d itha 

yellow compbex salt, (Weii^md and iutvig. 

Ghem., 1899, 20, 40), was immediately reduced to the red salt by 
fluorine. This inability of fluorine to oxidse manganous fiuoaMe 
to mamgasmae teteffncaidB iao<mqfldii^fBcal]elto.'tbe falfane to 
effeet thia .rBsotaon. by aamdio. madataon. (Muefermad Skiffte, j&Mt# 
1910, 68, 160). - H 
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easy to recognise, by the red cdottr. On continued passage of 
fluorine, this colour changes to a brownish-red and finally to a dark 
brown, and the oxidising power corresponds to a nearly complete 
transformation into the labile sulphate of quadrivalent manganese, 
^ 0 ( 804 ) 2 . If the concentration of the sulphuric acid is not high, 
hydrolysis sets in, and manganese dioxide is formed ; but, although 
it is easy to obtain a yield exceeding 90%, the formation of man- 
ganese dioxide is not a certain proof of the primary formation of a 
salt of quadrivalent manganese, for it may be formed by hydrolysis 
of manganic sulphate, one-haM of which is reduced to manganous 
sulphate and subsequently re-oxidised. 

In order to bring the oxidation to the highest stage, permanganic 
acid, it is useful to have a low concentration of manganous ions and 
a high concentration of sulphuric acid, the latter being necessary to 
avoid the formation of hydrogen peroxide. In these circumstances, 
the characteristic colour of permanganate ions becomes visible the 
more quickly the smaller the concentration of manganous sulphate. 

Manganic phosphate is very stable; a strong solution of man- 
ganous carbonate in an excess of phosphoric acid turns a deep 
amethyst-red on treatment with fluorine, but the oxidation is not 
compbte. This is easy to understand, for the solution contains 
traces of hydrogen peroxide. We assume that fluorine acts first 
upon the phosphoric acid, forming monoperphosphoric acid, which 
readily oxidises manganous siil|fliate in acid solution to manganic 
phosphate. Schmidlin and Massini, who first prepared monoper- 
phosphoric acid, considered the amethyst colour to be due to per- 
ma^anic acid (Ser., 1910, 43, 1166), but spectrc^aphic examination 
shows at once that the dark lines are lacking. 

All the experiments with manganese salts and fiuorine correspond 
exactly wiA the results of electrochemical oxidations. In all oases 
fluorine has'pioved to be at kast as powerful an oxidising agent as 
a platinum and our observations throw a new light on the 

B^hazustn of such oxidations, which are by no means simple. They 
depeiri on tii© anions, and also on intermediate products 

lormod by ^mary oxidation the acids, which are ignored in the 
theory of ai^iaentation of poritiVA 

Exee^hmehtai*. 

For sake of .we gim for each reacticm only one out 

of immlw carried out. (Puller detafls 

wi& be pnidislied in £. Brunner’s thesis.) 

Jb C^mm Ahm md J&oriae.— ( 1 ) 0-9734 G. of chrome alum, 
50 watePy and 2 o;g. €& concentrated sulphuric were placed 

in a piatemm crucible, oooled with ice, and treated with a current 
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of fluorine during 75 minutes. The solution became orange and 
evolved ozone. After addition of potassium iodide and starch 
solution, 84*17 c.c. of O*l^-thiosulphate solution were needed; 
this corresponds to 0*2808 g. of CrOg, whereas the possible marimum 
is only 0*1949 g. 

(2) 1*1365 G. of the alum and the above amounts of water and 
acid were treated as before. After standing over-night and being 
heated on the water-bath, the solution was mixed with potassium 
iodide and titrated with O-ljW’-thiosulphate solution (Found : 
0*2281 g. CrOg. Calc. ; 0*2276 g.). 

B. Potassivm Bichromate and Fluorine, — (1) Formation of per- 
chromic acid. One drop of 0*5^-potassium dichromate, 40 c.c. of 
water, and 5 c.c. of 2^-sulphuric acid were placed in a platinum 
crucible, carefully cooled with ice and salt, and a few bubbles of 
fluorine introduced. By shaking with ether, previously freed from 
organic peroxides, the dark blue colour of perchromic acid was 
extracted. 

(2) Bedwtion to chromic fluoride. 0*5216 G. of dichromate was 
dissolved in 50 c.c. of water, and, after cooling in ice, treated during 
3 hours with fluorine. The green solution was partly evaporated in 
a platinum dish on the water-bath and then precipitated by 
ammonia; it furnished 0*2664 g. of chro mi um oxide (Calc.: 
0*2695 g. Yield 98*9%). 

C. Mangmom Fluoride and Fluorine. — (1) Manganese fluoride 
was suspended in water, by a stirrer, in a platinum crucible, and 
treated with fluorine until nearly all was dissolved ; the unattacked 
fluoride was removed by filtraticm through a hardened filter in a 
parajBGmed funnel, and the clear solution mixed with a saturated 
solution of potassium fluoride, whereupon a pale red crystalline 
powder separated, which was washed with very dilute hydro- 
fluoric acid and dried at room temperature (Found : Mn, by con- 
version into MngO^, 22*37 ; active F, 7*67. Calc, for ElgMnF5,H20 : 
Mh, 22*32 ; active F, 7*72%). 

(2) 0*6384 G. of manganous fluoride, suspended in water, cooled 
in ice, and treated during 1 J hours with fluorine,, dissolved and 
became red. After addition of potassium iodide and hydro- 
chloric acid, it required 48*02 c.c. of 0*12V-thiosulphate solution, 
i.e., yield = 69*9%. 

J>. Manganous SuIphicOe and Fluorine.— (1) Fomaiion of tnan- 
ganese dioxide. 10 C.c. of a l*llj0^-solution of manganous sulphate, 
with 0*3039 g. of Iflh**, were treated exactly as in C(2); the 
soluticm renamed, colourless, but manganese dioxide was precipit- 
ated* and the precipta^ weseo distil|ieiil‘ with 

hydroeWesi®. 
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section of potaesium iodide. The liberated iodine oonsnmed 101-2 
c.c* erf O-lif-tMosulpIiate solution. If the manganous salt had been 
transformed completely into dioxide, 110*6 c.c. would have been 
needed ; the yield was therefore 91-6%. 

(2) Formation of the sulphate of quadrivalent manganese, A 
mixture of 2 c.c. of a l-llA'-solution of manganous sulphate, with 
0-0608 g. of Mn**, and 4-0820 g. of concentrated sulphuric acid 
(96-64%) was cooM in ice and treated with fluorine during 6 hours ; 
it became red, then browner^ and finally dark brown. Concentrated 
hydrochloric acid and potassium iodide were added and the iodine 
was titrated [Found : 19-2 c.c. Calc. : 22-1 c.c. Hence yield of 
Mn{S 04)2 == 86-9%]., This result is probably too high, for the 
solution may have contained sulphur tetroxide in addition to 
quadrivalent manganese. 

{3) Formation of permanganic acid. Three djc^ of a l-lliV- 
soltttion of manganous sulphate, 10 c.c. of water, and 3-3902 g. 
of concentrated sulphuric acid (96-64%) were treated with fluorine. 
After 15 minutes, the violet colour of permanganic acid appeared 
and became mmre and more distinct; the spectroscope revealed 
clearly the five absorption bands. With two drops of the manganous 
aiAphirfe seflution the violet colour appears after a few minutes ; 
withtoiE drops a treatment of one hour is needed, but the colour 
becomes very rich. 

The Basle. Ma^ Zlst, 192$.] 


C!OXLII . — On the PossibUittf of Bing-ehain Vokney 
Tautomerism, and of a Type of Mc^»k-hydrogm 
Tq/Kfigm&ism anahgovs to the Wagner-Me^rvifin 
Part 111. Orwnlaikm of some 
Cydic IherimHtm of Phorone. . 

. By Osss^ramEa Kelk IsaoiiD aad Ghaslss Wilioau 
■ ' SHOKraiB, 

-lliiiaicrajpi vho fiiet exwaiaed the 

aacaiW type 1 ^, but iu 

Fadi I (this Tid., p. 36§) it was ^ovm t^t forauds of. type I ore 
m to aaeouut fear the im^icam of the 
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Amongst the derivatives studied in Paart I was a series of acyl 
and alkyl derivatives of “ bromohydxoxyphorone and hydroxy- 
phorone (X = H, Br; Y = 0). The acetoxy- and methoxy- 
componnds were definitely shown to have structure I, and tLiR has 
now been confirmed as regards the acetoxy-derivatives (III) and 
(IV) by the preparation of the crystalline oxime (VI) of the dihydro- 
compound (V) : the oxime, on complete reduction, yields 2 : 2 : 3 : 3- 
tetramethylcyctopentylamine (VII). 


(in.) , (iv.) (V.) 

(VI.) 

The benzoyloxy-derivatives (VIII) and (IX) were not definitely 
oriented in the previous communication, but a number of reactions 
were studied, and of these the most significant is the formation of 
an oxime, to which formula (XI) was assigned, from the benzoyloxy- 
compound (IX) with extrusion of the benzoyl group. 


CTm.) (ES.) (X.) 

HON (XI.) (xn.) t 

BzO-CH 


Me, 


2 


(xni.) noBz 


The reaction was illustrated by means of Francis and Willson’s 
formula, but it was pointed out that definite structural conclusions 
could not be reached without knowledge as to whether the oximino- 
group enters the same position as, or another position than, that from 
which the extruded benzoyl group had been removed. This point 
has now been elucidated. In the first place, the constitution 
assigned to the oxime has been confirmed by reduction via the 
(Xn) to 2:2:3: S-tetramethylcyclopentylamine 
the benzoyloxy-compound, although unaffected 
and by sodium amalgam in acetic acid, wae successfully 
reduced to a dihy&o-derivative (X) by means of hydrogen in the 
presence of palladised barium sulphate. This compound is identical 
with the n^re fusible, b^izoyl dmvative of tetramethyjeyiefc- 


peQt«jnckme, described ^ Part II (thfe voh, p- 1662), ^ 

eonstitutimi of ^ the 
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conversion of its benzoyloxime (XTTI) into 2:2:3: 3-tetramethyl- 
cycfopentylamine. These reactions show that the benzoyloxy- 
bromo- and benzoyloxy-compounds possess the structures (VUI) 
and (IX) and that in the oxiinination of the latter the benzoyl 
group is extruded from another position than that into which the 
oxiinino-group is introduced. 

Th^ action of hydroxylamine in causing the fission of an ester 
grouping in this and in some other parallel cases which are recorded 
in the experimental portion appears to be analogous to the process 
of hydrolysis, and we have confirmed the fact that hydroxylamine 
may exhibit this action on simple substances by showing that phenyl 
benzoate m broken down into phenol and benzoic acid by boiling 
with hydroxylamine in alcohol. 

Investigation of the p-bromobenzyloxybromo- and p-bromo- 
benzyloxy-compounds (XIV) and (XV) has shown that these 
poss^ structures similar to those of the benzoyl derivatives. The 
p-bromobenzyloxy-oompound (XV) is extremely resistant to 
reduction and it had been found (this voL, p. 376) to yield an oxime 
(XVI) which, when reduced, gave a hydroxy-amine isomerio with 
that obtained by teductioii of the oxime (XI) . He former hydroxy- 
amine has now been reduced to 2 : 2 : 3 : 3-tetramethyk^cZopentyl- 
aome and must therefore be a geometrical and not a position 
isomedde. 



(R - C,H,Br.) 


Padf I reccsded a study of the oxidation of hydroxybromo- and 
hydroxy<-phm:oBa and certain derivatives, and it was su^ested 
that the observations could best be interp^ted on the assumption 
that the monooyclio unsaturated fc^ms of these substances could 
o^dative fission in two directions (o) and (6) (formulae 
bdewj, The^^atudjes have now been extended with results which 
tbe table below and appear to surest that the normal 
fission by oxidation with potassiian f emcyanide 

wHfct fissiW hydrc^m peroxide eoeurs preferentfedly 
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Expebimbntal. 

5-Aceioxy-2 : 2 : 3 : S-tetrimethyhjolop&iicmmeoxime (VI). — ^The 
pure diiiydroaoetosy-derivative, b. p. 120 — 121“/10 mm. (3*0 g.), 
hydrozylamine hydrochloride (1*2 g.), and a^ydrous sodium 
acetate (1-4 g.) were heated together in absolute alcoholic solutimi 
on ihe steam-bath for 3 hours. On pouring the product into water, 
an oil was precipitated, the ethereal extract of which was washed 
vrith sodium hydrogen carbonate solution, dried, and evaporated. 
The pale yellow oil obtained did not crystallise after being kept for 
2 months; the ethereal solution was therefore treated with dry 
hydrogen chlmide at 0°, and the oxime hydro<Moride was obtained as 
a colourless crystalline solid, m. p. 136 — 137° (with evolution of 
hydrogen chloride). 

Solution in 21V’-sodium carbonate and extraction with ether 
yielded the oxime as a rapidly solidifying oil. It separated from 
ligroiu (b. p. 40 — 60°) in well-formed prisms, m. p. 93° (Found : 
0, 61*9 ; H, 9*2. CuHiaOjNT requires C, 62*0 ; H, 9*0%). 

Bedvxtian of the oxime (VI). The oxime (1*0 g.) was reduced 
with 2|% sodium amalgam (50 g.) by the method ^ven in Part I 
(this vol., p. 393), and the product identified as 2:2:3: 3-tetra- 
methjdc^ck^entylamine. 

lUd/uctim of the oxime (XI). The oxime was first reduced in tihe 
uBiml manner with sodium amalgam mid facial acetic add; the 
basic portion d Ihe product was then bdled with hydriodic add 
(d 1*7) aM Ptd ^oeg ho r o B under reflux for 2 hours. The product 
was distflled in steam, the di^llate being cBso^arded ; the con te aats 
of the flask were then made s^on^y alkaline and again steam-dis- 
tilled. The ethereal extract of the d^uSate, dried with anhydrous 
potassium carbonate, was evapomted to small hulk under a oolumn, 
and treated with ethereal picric add. The resulting pimate was 
identified as that of 2 : 2 : 3 : S-tdramethyh^dopentylamine. 

Beduciion of b-Bmzoyloxy-2 : 2 : 3 : Z-tsiirameSi^-t^-tsyxiiio- 
penieaione toUh Palladium and Sydrogea (IX). — ^Vhen an acetic add 
solution of the pure derivative, m. p. 68° (1*9 g.), was shaken with 
palladised barium sulphate (equivalent to 0*5 g. paHadinm) !n an 
atmo^here of hydrogen at ordinaxy iressure, absorption ceased 
after 1 hour, 150 o.o. being taken up (calc, for 1 mol. of hydrc^en, 
k60 c.o.). ^e mixture was poured into water, and an eihesKnl 
extract of the product was washed twice with ice-cdd 5% soteun 
hydroxide solution and dried with caldum chloiMe. lETOporatiaa 
yiefated the reduction product as a rabidly orystaSisrDg o£L ^ B 


p; 40 — 80°) in pearfy plates, m. pJ Wr. , 
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Redudim of 6-^p-Br(mobenzyloxy-2 : 2 : 3 : 3-feimme%Z-A^-cyclo- 
penterume (XV). — ^The pure derivative (1-6 g.) in glacial acetic acid 
solution was shaken with palladised barium sglphate and hydrogen 
(pressure, 30 lb./s(j. in.). Little absorption took place, and thejbulk 
of the product was recovered unchanged. A substance, m. p. 
26 — 27°, was isolated, but the quantity was insufficient for analysis. 

Reductim of the Acetyl Derivative of 6-T}-BromQbenzyloxy~2 : 2 : 3 : 3- 
ietrame&yl-A^-cyoloj^rUeiwrieoxiine (XVI). — ^The acetoxime (1-0 g.) 
was reduced with 2|% sodium amalgam (100 g.) in acetic acid in the 
usual manner, and the basic portion of the product isolated and 
converted into the picrate of 5-hydroxy-2 : 2 : 3 : 3-tetramethyl- 
cycZopentylamine, m. p. 210 — ^216° (decomp.) (compare this voL, 
p. 403). The picrate was boiled for 2 hours under reflux with 
hydriodic acid {d hi) and red phosphorus, and the liquid was made 
alkalin e and steam-distiUed. The reduction product was isolated 
by extraction with ether and identified as 2 : 2 : 3 : 3-tetramethyl- 
c^cZbpentylamine by conversion into the picrate. 

Fission of Esters in Preseme of Hydroxylamine. — Phenyl benzoate. 
The ester (2-0 g.), dissolved in absolute alcohol (20 o.c.), was treated 
with hydroxylamine hydrochloride (0-7 g.) and anhydrous sodium 
acetate (0-85 g.) on the steam-bath for 1 hour. The product was 
worked up into neutrsd, cbcid, cmd quasi-acid fractions : the latter 
two yielded benzoic acid and phenol respectively. The benzoic 
acid weighed 0*23 g., which is equivalent to 20% hydrolysis. A 
blank experiment in which the hydroxylamine hydrochloride was 
omitted yielded no trace of benzoic acid or phenol. 

5-5enzc^2bzy-2 : 2 : 3 : Z-UtrarmthylojclopeTUaTume (X). The 
derivative (1-0 g.), hydroxylamine hydrochloride (1-0 g.), and 
anhydrous sodium acetate (1-2 g.), when similarly treated for 3 
hours, gave an oily oxime (compare this vol, p. 1669) and 
practically pure benzoic acid (yield, 0-26 g.). 

5-Ar6£Aozy-2 : 2 : 3 : 3-fe^mwielAyZ-A^-cyolqpe»fe7wwi6. When the 
mathoxy-ccmpound was similarly treated with hydroxylamine 
hydrochloride (sev^lmols.) and anhydrous sodium acetate -for 3 
hours,, the product consisted mainly of a solid, together with a trace 
of oil. The solid was washed with ligroin and crystallised twice 
StombdHBg alcohol; it then hadm.p. 210—211° (decomp.) (Found : 
C, 68-6, 68^7; 8-8, 8-7; N. 14-6, 14-6, Calc, for 

C, 18-7 ; H, 8-7 ; and was identified as the dioxime 

of 3 : 3 ; 4 : 4-tekamethy4^^ : 2-dione by direct com- 

parison aiid by pom^ 

OxidaUm o/ : 2 ; 3 : 3-fetome%?-A^-cyclop€«. 

ienom (IX).— (A) WUh potassium ferricyanide. The benzoyloxy- 
compound (1*0 g.) and anhydrous potassium carbonate (2-0 g.), 
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dissolved in dilute alcohol, were treated at 60° with potassium 
ferricyanide (9*3 g.) in alcoholic solution during 5 days, and the 
mixture was left for 5 days at the same temperature. The solution 
was acidified and the acid products were removed with ether; on 
evaporation a mixture of solid acids was obtained. After successive 
removals of benzoic acid, by solution in water, cooling to 0 ° and 
filtration, an acid was obtained which, after crystallisation from 
ethyl acetate-ligroin, had m. p. 140° and was identified as the 
lactonic acid of yy-dihydroxy-aapp-tetramethylglutaric acid by 
mixed melting point and by hydrolysis (Found : C, 53*2; H, 6-9. 
Calc, for C 9 H 14 O 5 : C, 584; H, 6^9%). 

(B) With hydrogen percmie. The derivative (0*5 g.), dissolved 
in an aqueous acetone solution of sodium carbonate containing a 
trace of ferrous sulphate, was treated with 24 c.c. of 3% hydrogen 
peroxide at 0°. Benzoic acid was precipitated on acidification and 
removed by filtration. From the fiiltrate, an acid was obtained which, 
after two crystallisations from ethyl acetate-Iigroin, had the charac- 
teristic form and m. p. (144°) of aapp-tetramethylglutaric acid. 
The melting point of a mixture with a genuine specimen was 143 — 
144°, but that of a mixture with the above lactonic acid was depressed 
to 115—120°. 

Oxidation of 5-Acet(Kcy-2 : 2 : 3 : 3-Mrameihyl-A^-Gjclopente7ione 
(IV). — The pure acetoxy-compound was prepared from the hydroxy- 
ketone by treatment with acetyl chloride in pyridine solution. 
The pale yellow oil (0-6 g.) and anhydrous potassium carbonate 
( 1*0 g.)s dissolved, in dilute alcohol, were treated with alcoholic 
potassium ferricyanide (6-0 g.), added during 3 days, and the 
mixture was left for 3 days at 46°, After extraction with ether, the 
liquid was acidified and again extracted with ether. This extract 
yielded a solid acid which, after crystallisation from ethyl acetate- 
ligrom, had m. p. 190° and was identified as tetramethylsuccinic 
acid. The yield was poor and the neutral ethereal extract gave 
some unchanged acetoxy-compound on evaporation. 

Oxidation of 2:2:3: 3-r€iramefAyl-A®-cyclopc%fe?i-6-oZ-4-owe 
(2:2:3: 3 -refmme%Z-[ 0 ,l, 2 ]-dicyclo 2 )e 7 itow- 4 -oZ- 5 -o»e), — ^This was 
carried out with the quantities and by the procedure given above 
for the acetoxy-compound. A good yield of tetramethylsuccinic 
acid, m. p. 190° after crystallisation from ethyl acetate-Iigroin, 
was obtained. 

One of us (C. W. S.) wishes to record his indebtedness to the 
Boyal Oommission of 1851 for a Senior Str^entsbip. 

Tbs Hkzvebsity, Lexus. [Received, Mag 25iA, 1928.} 
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CCXLIII. — DiehJoro-o-xyUnes. 

By Lsoitabd Eeic KxieMi, Ebotist Ebwass Ayusg, and Ltt.tatt 

fin r.T.runt Betan. 

With the exception of 3 : 6-diehloro-o-xylene (Croasley, J., 1902, 
81, 1536) there appears to be no trnstwortibiy infonnatirai concerning 
the dichloro-p-zylenes. The direct chlorination of o-iylene was 
considered by dans and Kantz {Ber., 1886, 18, 1367) to yield only a 
liquid diobloro-derivative, b. p. 227° and solidifying at 3°, which 
dans and Gronew^ {J. pr. Ghem., 1891, 43, 362) bdieved to be 
4 : d-dichloro-o-xylene. Koch, however, showed (Ber., 1890, 
2321) that the liqnid was a nuztnxe, which dowly deposited a 
dichloro-o-aylMie, m. p. 73°. Villiger (Ber., 1909, 42, 3629), 
moreover, considered the dioblorophthalio anhydride obtained by 
Clans and Gronew^ from the liqnid derivative to be a mixture. 

Feirand (Oompt. rend., 1901, 133, 169) daJms to have identified 
three diohloro*derivatives from the chlorination. He regards the 
solid, m. p. 73°, as the 3 : 4‘dicU(wo.«-xylene and the two liquids, 
b. p. 226 — 228° and 229-6 — ^231*6°, as mixtnres of the 4 : 6- and 
3 : fi-dichkHTO-derivatives ; little rdiance, however, can be placed on 
his rince he employed o-xylene containing as much as 10% 
d From the solid, he obtained a dichlorophthalic 

anhydride, m. p. 186°, omxesponding to the 4 : 6- and not the 
3 : 4HdidUan>anhydride as he supposed (compare Villiger, loe. dt.). 

The ehlorinaiaon of pure o-xylmie under condirions dmgned to 
pcoduoe diehloro'dlerivatives has been studied with the result that 
all the diohloro-o-xylenes can now be described. The only one about 
whidi doubt exists is 3 : B-dichloro-o-xylene. It te pcodhti^m 
sadk smafi soatouist that ^ baa not been possible thoroit^iy . to 
investigsie its paoperties, but it wiU, be desexflbed more fuSty when 
m^erinmnts now in pn^ress for its ^thesis sre completed. 

The first scticm of chlorine <m o>xylene results in Ihe fannation of 
and o^i^axmoefahHO-derivatives in the proportian of 1 to 2 
(£ingar. Bar., 1886, 18, 1766; Glaus and Basyer, Amuden, 1893, 
274^ 304^ and on bsothor dfiorinatian the fiumer should yidd ihs 
3 : 4> and An 3: 6- and the latter the 3 : 4- and the 4 : 5-dichhHO- 
derivativeB. Iliehloraiatioii, therefore, should yield prindpedly 
3 : 4- and 4 : d-dichhnD-o-xylenes together with a aman quantity of 
3 : 6-diohlorcMKxylene. Tills has bemi proved to be the case. 

The diohkvoxyieue of m. p. 76° yields on oxidation a diohloro- 
phthalic anhydride, m. p. 187°, and is therefoxe 4 : ShdickJaro-Chsiylme 
(compare Villiger, Zoo. eU.). On nitration it yields 4 : 5-iieMoro- 
S-nitro-o-xykne, reduction of which gives 4 ; 5-dicRlcro-o-Z-xylidine. 
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Diazotisation of the xyKdine by the Gattermann process gave an 
altogether unforeseen result, tetraohloro-o-xylene being formed with 
the expected 3:4: 5-tricbloro-o-xylene. The former probably 
results from further chlorination occurring in the presence pf the 
cuprous chloride and concentrated hydrochloric acid. 

The liquid dichloro-o-xylene, b, p. 234*", on nitration gave as the 
main product a wMmo»i>o-derivative. Substitution of chlorine for 
the amino-group in the corresponding amine {m. p. 63®) gave 
3:4: 5-trichloro-o-xylene, m. p. 96® (I) (compare Hinkel, J,, 1920, 
117, 1296). This trichloro-compound could theoretically be 
obtained from all the dichloro-o-xylenes except the 3 : 6-isomeiide ; 
consequently, since the constitution of the 4 : 6-isomeride has been 
established, the liquid compound must have the chlorine atoms 
either in the 3 ; 4- or the 3 : 6-positions and the dichloro-o-xylidine, ' 
m. p. 63®, must therefore be represented by (II) or (HI). 


Me Me Me 



3 : 6-Diehloro-o-4-xylidme (11) has been synthesised by Crossley 
from o-4-acetoxyEdide (J., 1904, 85, 264) and has now been obtained 
more conveniently from 3 : 5-diobloro-o-xylene. The melting 
points of the amine so prepared and of its acetyl derivative have been 
raised to 47-5® and 196®, respectively. The amine of m. p. 63® must 
ecmsequently be 6 : 6-dicft?oro-o-4-syZidme (HI), and the liquid of 
b. p. 234® 3 ; i-4ichloro-0’Xyhm, This orientation has hem sub^ 
$timtiated by the conversion of 3 : 4-dmhl(rro-^2ylene into the 
corresponding dicMoro-o-diaminef which gave the characteristic test 
for o-diamines with phenanthraquinone. 

Xhe constitutions of three out of the four possible dichloro-o- 
xylenes are thus definitely established and the fourth isozneride, 
mu p. therefcare be 3 : 6-dicWbro-o-ayfe««. Eeduction of 

its mononiti^Q-desriYative gave the cacre^nding xylidine. Replace- 
ment of the amino-group by chlorine in the usual manner gave, 
instead of 3 : 4 ; fi-trichloro-o-xylene (compare Hinhel, Zoc. cU.), 
a mixture of chloro-compounds which, owing to the small quantity 
available, could not be further investigated. 

The three dichloro-o-xylenes yield the same tetrachloro-o-xylene 
on furthef chlorination. 


Exr EBIMnNTAXi. 

CSdorme was passed into pure o-xylene (b. p. 143-6®) 
presence of irc^ gam in 
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2 atoms of chlorine. After beii^ washed with water and with 
sodium hydroxide solution, the liquid was dried and distilled ; on 
boiling, a vigorous evolution of hydrogen chloride occurred due to 
the decomposition of intermediate additive compounds. Three 
main fractions were ultimately collected : (i) 225 — ^230° ; (ii) 230 — 
236^ (iii) 236— 246^ 

Fraction (i), when cooled in ice, deposited 3 : Q-dichloro^o-xylene, 
which crystallised from methyl alcohol in white, iridescent flakes, 
m, p. 68°, b. p. 227° (corr.) (Found : CJl, 40*9. C 8 H 8 CI 2 requires 
Cl, 40-6%). 

Fraction (ii) gave 3 : ^-dicMoro-o-xylme, b. p. 234° (corr.). This 
solidified when cooled in a mixture of ice and salt and melted at 
.9° (Found: a, 40-7%). 

Fraction (iii), when cooled in ice, gave 4 : S’-dicJdoro-o-xylene^ 
which crystallised from methyl alcohol in long, transparent needles, 
m. p. 76°, b. p. 240° (corr.) (Found : Q, 40-6%). 

Conversion of the Dichloro-o-xylenes inio TetracMoro-o-xylene . — 
Fetch of the dichloro-o-xylenes was chlorinated as described by 
Hinkel (J., 1920, 117, 1300). Repeated crystallisation from alcohol 
or ethyl acetate of the tetraohloro-o-xylene so prepared does not 
entirely remove the last trace of any trichloro-o-xylene formed during 
the chlorination, but this can be readily achiev^ by crystallisation 
from carbon tetrachloride containing a small quantity of chloroform. 
The pure compound so obtained melts at 227°. 

Oxidc^ion of 4t : 5-Dichioro-o-xykne. — 2 G. of 4 : 6-dichloro- 
0 -xyIene were heated with 15 c.c. of nitric acid {d 1*16) in a sealed 
tube for 7 hours at 180°. The resulting liquid was evaporated to 
dryness over solid caustic soda in a vacuum. The acid obtained 
melted at 199 — ^200° after crystallisation from water. The anhydride, 
pirepared by heating the acid with acetyl chloride, separated from 
carbon tetmchlorMie in small crystals, m. p, 187° (compare VilSger, 
Ibe. e^.). 

4 1 5*l}icliIoTo~Z^7iiiro~o^xylene,’^2 G. of 4 ; 5-dichloro-o-xylene 
were added to 20 c.e, of a mixture of fuming nitric acid (3 vols.) 
and ^ facial acetm acid (1 vol.) and heated on a steam«Bath for 
7 minutes. The solution was poured into water; the solid which 
separated crystallised from alcohol in fine white needles, m. p. 117° 
(Found : Ca, 32-5. requires a, 32-3%). 

4 . S^DtdiloroS • Q'^iwiro^O'-xylene, — 1 G. of 4 : 5-dichloro-o-xylene 
was hea^ for 10 minutes with 5 c.c. of sulphuric acid and 3 c.c. of 
nitric acid. The white solid that separated crystallised from alcohol 

in dfiourless prisms, m. p. 210° (Found : a, 26-65. CoH«O.NoCL 
requires a, 26-8 %). s e 4 2 *2 

4 : S’‘Diehloro-o-3-xyUdine , — mixture of 3 g. of 4 : 5-dichloro- 
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3-mtro-o-xylene, 9 g. of iron filings, and 30 c.c. of glacial acetic acid 
was heated mth frequent stirring for several hours on a steam-bath. 
The resulting solid was made alkaline and distilled with steam. The 
solid product crystallised from aqueous alcohol in long, silky needles, 
m. p. 88® (Found : Cl, 37-2. OgH^ag requires a, 37-3%). The 
acetyl derivative, prepared in the usual manner, crystallised from 
aqueous alcohol in small rosettes, m. p..l97® (Found; Cl, 30'8. 
OigHiiONQg requires Q, 30*6%). 

Conversion of 4 : 6-Dichloro-o-B-xylidine irdo 3:4: ^-TricMoro- 
o-xylerie - — ^The amine, 0*5 g. at a time, was dissolved by heating in 
10 c.c, of concentrated hydrochloric acid and 25 c.c. of water. 
The finely divided hydrochloride obtained on cooling was dia 2 sotised, 
and the whole was poured into a solution of cuprous chloride and 
distilled in steam. The solid obtained, after crystallising from 
methyl alcohol, softened at 95° and melted completely at 105°. It 
was obviously a mixture, although not consisting of 3 ; 5 : 6- and 
3:4; 5-trichloro-o-xylenes, which melt at 47*5° and 96° respectively. 
Repeated fractional crystallisation from carbon tetrachloride 
containing varying amounts of chloroform resolved the mixture into 
3:4: 5-triehloro-o-xylene, m. p. 96°, and tetrachloro-o-xylene, m. p. 
227°. 


4 : B-Diddoro-S : B-diamino-o-osylene. — 4 : 5-Dichloro-3 : 6-dinitro- 
o-xylene was reduced in alcoholic solution by means of sodium hydro- 
sulphite. After removal of the aleohol under reduced pressuie,-tiie 
solid was crystallised from alcohol, the diamine separating in small, 
white needles, m. p. 186°, deoomp. 187° (Foi^^d: (3, §^;4- 
CgHjjNaCaa requires a, 34-6%). „ ^ . j,' . 

3 :4-jDicWoro-6-miro-o-rr5ffe«e. — 3 : 4^ZSohl^-a-xylSiet 
nitrated as described on p. 1876. The solid obtained was crystallised 
from alcohol, and separated from a small quantity of the 6-nitro- 
isomeride by washing with light petroleum {b. p. 40 — ^60°) at 0°. It 
finally crystallised from light petroleum in clumps of hard, prismatic 
needles, m. p. 78° (Found: Q, 32-0. C8H,O^C32 requires Cl, 
32-3%). 

3 : 4-2Kdybro-5 : 8^dinitro-o-xyUne, — ^3 : 4-Dichloro-o-xylene was 
nitrated as described on p. 1876. The resulting solid crystallised 
from ethyl acetate in prismatic needles, m. p. 172° (Found : Cl, 
27-1, CgHeO^NgOla requires Cl, 26-8%). 

5 : Q-DicJdoro-Q-^~xylidine , — ^3 : 4-Dichloro-5-nitro-o-xylene was 
reduced as described on p. 1876. The solid product crystallised , 
from aqueous alcohol in a felt-like mass of white needles, m. p. 
(Found: Q, 37-1. requires Q, 37-3%). The 

derivative ciystallised from aqueous alcohol in fine needles, m. 
147° (Found : O, 30*6. requires (3, 30-6%). " ^ 

3q2 
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3 : 4-2)*cftforo-5 : Q-diamino-o-scylene. — 3 ; 4-Di«hloto-5 : 6-dimtro- 
o* 3 ^l 0 Zite vas ledaced soditua hydiosulpMte as described on 
p. 1877. Tfae diamine obtsdned ciysiialllsed from aq[Tieoas alcohol in 
hair-like crystals, m.p. He® (Found: 0,34-8. CgHioNgOa r^tut^ 
0, 34*6%). Ihe and phenanthraqninone in acetic acid gave 

a yellow precipitate. 

3 : 6~J)iehloro-i-mtro-o-xylene.—S : 6-Dichloro-o-^leae was 
nitrated under the conditions described on p. 1876. The solid ob- 
tained crystallised from methyl alcohol in small, white needles, 
m. p. SS® (Found : 0, 32-2. requites 0, 32-3%). 

3 : 6~Didhioro-4 : ; S-dinitrch-o-xyleTie, prepared from 3 : 6-dichloro- 
o-zylene by the method described on p. 1876, crystallised from 
alcohol in small, transparent, colourless prisms, m. p. 220° (Found : 
0,26-4. 08H804U2a2 r^uires 0, 26-8%). 

3 : 6-Diekhro-o-i-«ylidine, obtained by reduction of 3 : 6-dichloro- 
4-nitro-o-3ylene as deseribai on p. 1876, crystallised from aqueous 
alcohol in white, silky needles, m, p. 82° (Found: O, 37*2. 
CgH^NOg requires O, 37-3%). It could not be aoetylated by the 
ordinary methods, but when it was heated for 1 hour on the water- 
batb with acetic anhydride^acetyl chloride the dncuxtyl derivatiTe 
was obtained. This crystallised &om alcohol in transparent prisms, 
m. p. 141° (Found : 0, 25-8. OjaHj^OgSrOg requires 0, 25-9%). 

3 : S-DicMonh^niiro-Chxylene . — 5 G. of 3 : 5-dichloto-o-3ylene 
{Hrepazed acocnding to CtosbI^ (J., 1902, 81, 1533} were heated for 
30 niiuutee tm a water-ba& with 125 e.c. of a miziure of fuming 
tiifriEoa(^(3Ttls.)andgIaehdaeetioaoid(l vol.}. Thesdidobtained- 
hy pouring the mixture into water crystallised from alcdrol'ih a ielt- 
fiii masi^ m. p. 92!*, which became wazy when pressed. It could 
iiM ^ fixmt ties small quantity ^ d-nitro-isammlde a£io 
ftimed ^ioribag ilie rsfzs^cn (Fofund: €1, 32-1. 
]ieqtiitii»a,^-3%). 

’ 3 : ^-JXeAlera-o^x^idine . — ^The crude 3 : 5-dudikiro-4-nitrb-o- 
zyleAe iiht. p. SS°) (5 g.) was reduced with iron filiogs and acetic acid 
asdeBazftedcHip.1876. The solid produced was dissolved in alcdtd; 
a few ye&dwUh-trllte zmedles, m. p. 171°, then Separated. IDre 
Skate from tiiese crystals (which Were ptohabfy 3 : 5-dichloro- 
6-amino-o-3yleQe and Weici not forilter ezmnined) was diluted 
sli^tly with water ; the Sue needfes iht^ separated mystdOised from 
aqueous alcohol in small rosettes, m. p. 47-5°. The aceiyl derivative, 
prepared in the usual manner, crystallised from boiMng water in 
fine needles, m, p. 196® (Crowley gives m. p. 44^6** sad 186°, 
respectively). 

VmvwsrrY College, Swa^tsea. 


lEeceived, April 14M, 1928 .] 
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CCXLIV * — The Nitration of m-FluorophenoL 

By Hebbbbt Hsistby HoDasoN" and Joseph Nixok, 

Althotjoh m-fluorophenol has been prepared (Swarts, BuU, Acad, 
roy. Belg.y 1913, 241), no mention of the nitro-derivatives appears 
in the literature. The present investigation proceeds on similar lines 
to those of the m-chloro- and ?w-bromo-analogues (J., 1925, 127, 
1699 ; 1926, 155). A trustworthy method for the preparation of 
m-fluoronitrobenzene from w-nitroaniline is described. 

Monosulphonation of 3-fluoro-2-nitrophenol in the cold or at 
100 — 120® appears to give exclusively 3*-fluoro-2-nitroph6nol- 
4-sulphonic acid, since only 3-fluoro-2 : 6-dinitrophenol could be 
obtained from it by further mononitration. 

The orientations proposed for the dinitro-compounds follow from 
the modes of preparation and by analogy with the oorr^ponding 
chloro- and bromo-compounds (foe. eii.). In addition is the following 
evidence : (1) All three dinitro-compounds are convertible into 
3-flnoro-2 : 4 : 6-trinitrophenoI, indicating that the two nitro-groups 
in each compound are in meta-positions to each other. (2) The 
4 : 6-dinitro-compound gives 4 : S-dinitro-w-phenylenediamine, and 
the2 : 6-and2:4-isomeridesgivethesame2:4-dinitro-9»-phenyfene- 
diamine, when heated in a sealed tube with aqueous ammonia . 
(3) 3-Ilucaro-2 : 4- and ^2 : €>4imtropi^^ois bofe ^tm 2 : d-dinife^ 

Certain laarkeddifferenees in 
halogeno-analogues have been ebservei t (a) 
phenol forms a stable, yeHow, crystalline ®lver derivative wlddiA)06 
not exhibit iransformations similar to those of the chloro-, bromo-, 
and iodo-oompounds. The silver derivative of 3-fluoro-2 : 6-di- 
nitrophenol, however, is produced initially as a yellow gel which 
rapidly passes through an orange-red gel stage into a permanent 
orange-red crystalline form. (6) The silver derivative of 3-fluoro- 
2 ; 4-<iinitrophenol has a deeper red colour than its 2 : 6-isomeride — 
the chloro- and bromo-analogues are yellow, orystaHine substances, 
(c) All the silver derivatives are readily soluble in aqueous ammonia 
(compare the insolubility of the silver derivatives of the 3-halogeno- 
2:4: 6-trinitrophenols and the varying solubility of the lower 
nitrated products), {d) The 34uoro-2-, -4-, and -6-niiaropheaiols 
resist acetylation, (e) Anomailies are exhibited in the m. 
e,g,^ 3-fluoro-4-nitrophenol has m. p. 66*5®, its analogues have 
m. p/s 122^ 131®, and 124®; 3-fluoro-2 : 4 : 6-tnnitroph®i^ h^ 
m. p. whereas the bromo-, andiodo-oompounde g 

114®, 149®, and 197^ ^ ^ 
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Expebimei^tal. 

Initial MtUerials. — solution of ?n-nitroaniIine (140 g.) in 60% 
hydrofluoric acid (450 c.c.) in a copper beaker was diazotised at 0° 
with a rapid stream of nitrous fumes (30 minutes) and added 
gradually to 60% hydrofluoric acid (75 c.c.), in a lead pot with a 
copper reflux condenser, heated on a boiling water-bath. The 
mixture was kept hot for 1 hour and the 7W-fluorordtrobenzene then 
isolated, in 25% yield, by steam-distillation. It was reduced to 
«i-fluoroaniline, which was converted in almost quantitative yield 
into w-fluorophenol (Hodgson, E.P. 200,714). 

NUralim. — ^The methods of preparation of the 3-fluoronitro- 
phenols are those described for the corresponding chloro- and bromo- 
analogues with appropriate modifications. 

B-Flvoro-6-mtrophenol (yield, 6 g. from 29 g. of m-fluorophenol) is 
volatile in steam and orystaUisas from light petroleum in yellow 
needles, m. p. 32®, having a characteristic sweet nitrophenolio odour 
(Found : JT, 9-1. CgH403NF requires If, 8-9%). The sodium salt 
crystallises from water in red needles. The orange-brown silver 
salt, which deepens in colour on keeping, is readily soluble in aqueous 
ammonia and gradually decomposes in boiling aqueous solution. 
The mdhyl ether crystfiJlises from light petroleum in colourless 
micro-parallelepipeds, m. p, 52® (Found: N, 8*3. C7H3O3NF 
requires N, 8-2%), and the benzoaie in colourless micro-scales, m. p, 
110 — 111® (Found : If, 5*6. 0i3H8O4lfF requires N, 54%). The 
acetates of this substance and of its isomerides could not be prepared 
by any of the usual methods. 

S-FluoroA^niirophend (yield, 9 g.) is non-volatile in steam and 
crystallises from water or fight petroleum in long, colourless needles, 
m, p. 42® (Found ; N, 9*2%), The sodium salt crystallises from 
water in long, pale yellow needles. The bright yellow silver 
although more soluble in water and aqueous ammonia than its 
isomerides, also decomposes on boiling (Found: Ag, 40-6. 
CgH^O^fFAg requires Ag, 40’'9%), The mkhyl ether crystallises 
from light petroleum in colourl^ needles, m. p. 56’6® (Found: 
N, 8*3%), and the benzoaie in colourless, rectangular micro-plates, 
m. p. 118° (Found : N, 5-6%). 

i-Fluceo-2-niiFophenQl, prepared by the nitration of disulphonated 
m-fiuorophenol (J., 1925, 127, 1600), passes over on hydrolysis in a 
current of steam as a reddish oil which, after being frozen and 
pressed, crystallises from light petroleum in short red needles, m. p. 
39° (Found : N, 9*0%). The formation of a hydrate could not be 
detected (compare J., 1926, 156, 631). The reddish-brown sodium 
salt is exceedingly soluble in water, and the very deep reddish-brown 
silver salt is readily soluble in hot water, but gradually decomposes, 



THE OTEEATIOK OE Wl-SliXJOBOPHENOL. 


1881 


and in aqueous ammonia. The methyl ether crystallises from light 
petroleum in long, colourless needles, m. p. 43-5® (Found : N, 8-4%), 
and the benzoate in clusters of white needles, m. p. 114® (Foimd : 
N, 6-5%). 

Z-Fhwro-i : &-dinitrophenol was prepared from 9w-fluorophenol and 
from 3-fluoro-6- and •4-nitrophenols in the same way as the corre- 
sponding bromo-compound (foe. cit, p. 158). It is readily volatile 
in steam and crystallises from water or light petroleum in colourless 
needles, m. p. 80® (Found : if, 14-1. OgHgOglfaF requires If , 13-9%). 

In each preparation a non-volatile product was 3-fluoro-2 : 4 : 6 
trinitrophenol. The silver salt, prepared like its analogues (locc, cit., 
pp. 1603, 159, 634), separates very gradually in long, fine yellow 
needles and does not exhibit the phenomena recorded for the other 
three analogues. It is soluble in aqueous ammonia and stable in hot 
water (Found : Ag, 34-6. CgHgOgN^FAg requires Ag, 34-9%). 

S-Fluoro-2 : Minitrophenol was prepared by recorded methods 
(focc. cit, pp. 1602, 159) from 3-fiuoro-2- and -6-nitrophenols. It 
crystallises from light petroleum in colourless needles, m. p. 68-5® 
(Found : N, 14-05%). The silver salt is readily soluble in aqueous 
ammonia and hot water, giving deep yellow solutions; from the 
aqueous solution, on cooling, it separates in orange-red micro- 
needles (Found : Ag, 34-7%). 

Z-Fluoro~% : i-dinitrophenol was obtained together with 3-fluoro- 
2 : 6-dinitrophenol when m-fiuorophenol was disulphonated and then 
diini3*ated aa in the procedure for tiie chloto-anaiogue (foe. cij., 
p. 1602). The prodimt was hydrolysed in a of iSm 

long, colourless needles of 3-fiuoro-2 : 6-dimtFopheiHfl^h^^ 
from the distillate on coofing were removed, aaod 
rendered alkaline and concentrated to a Email bulk; on acidification, 
Z-fiuoro-2 : i^dinitroyheniol was precipitated. It crystallised from 
light petroleum in pale yellow micro-parallelepipeds, m. p. 138 — 139® 
(Found : N, 13-9%), and was much more soluble m water than the 
other two isomerides. The deep red silver salt (Found : Ag, 34*6%) 
is readily soluble in hot water and aqueous ammonia, giving deep 
yellow solutions. * 

Action of Ammonia on Z-FluoroA ; 6-, -2 : 6-, and -2 : 4-dintfro- 
'phenols , — ^These (0-5 g.) were separately heated in sealed tubes with 
concentrated ammonia ( 5 c.c.) at 150® during 2 hours. On cooling, 
the products were obtained as brownish-yellow needles. The 
4 : B-dinitro-Jw-phenyienediamine obtained from the first-named 
compound melted at about 300® (compare NietzM and Schedler, 
JBer., 1897, 30, 1667) (Found: N, 28-6. Calc.: If, 28*3%). 
3-Fluoro-2 : 6- and -2 : 4-dinitrophenols each gave 2:4-dibitro- 
w-phenylenediamine, m. p. and mixed m. p. 264® {Barr, jBer., 1888^ 
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21, 6545, gives m. p. 250° ; Hodgson and Moore, he. cit., give m. p. 
258°) (PoTind : N, 28*4% and 28*2%, respectively). 

The two specimens of 2 : 4-dinitroreBorGinol obtained from 3-fiuoro- 
2 : 6- and -2 : 4-dinitrophenols by the action of boiling aqneonssodinm 
hydroxide melted, alone or mixed with each other, at 146° (compare 
he. eft., p. 160). 

S-Fltu)To-2 : 4 : Q-trinitrophenol crystallises from water in char- 
acteristic, almost colourless, hexagonal plat^, m. p. 173° (Found ; 
N, 17-1. require N, 17-0%), which are not volatile in 

steam but sublime slowly from boiling concentrated sulphuric add. 
This property is exhibited also by the other halogeno-aixalogaes. 
The substmice does not possess the violent sternutatory properties 
of the iodo-analogue, forms deep yellow soluMons in water and 
alcohol, and is not brominated when its aqueous solution is treated 
with bromine. The bright yellow crystalline sUv&r salt is r^wiily 
soluble in aqueous ammonia and hot water. 

The authors’ thanks are due to the British Dy^uffs Corporation 
for ^fts of chemicals. 

Techhio&Ii ComxaE, HuoDEBSEiaij}. [Received, April 27th, 1928.] 


C5CXLV . — Studies in Colour and ConstiiuMon. Part 
III. The Inpumce of the MelhyltMol, Mefhozy-, 
and Chlorine Grou/ps on the Colours of the Nitro- 
hemaMehydephenylhydrazones. 

"Bj Heebeet Henbt Hodgson and Fkbdbeiok WhiEUM Handley. 

The study of the rnfluence of the methylthiol, methosy-, and 
ehhwine grooqw on the edoum of simple azo-dyes (this vol., p, 1^) 
has been extended to certain nitrobemzaldehydej^enylhydrazones 
containing ihese subsiatuents in oriho- and para-positions in the 
beozalddiyde and phenylhydrazine residues, respecMvely. In 
addition to the visual observations, absoirptimi speoiza data are 
included; work in ttie latter field has been recorded by Baly and 
Tuck (J., 1^, 882), Hewitt, Johnstm, and Pope (J., 1914, 105, 

364), and CSuaa and Bastclli (AUi B. Accad. JAncei, 1919, 28, ii, 366 ; 
1926, 29. ii, 146 ; QtmeOa, 1922, 52, ii, 121, 126). 

Tnatworthy oondusions could not be deduced from the colours 
of the solid hydraames because of their wide variation wiih the mode 
of aystaHisatimi, but equimolecnlar alcoholic solutifflaa 
a well-defined order. The absorption spectra curves of the p-nitro- 
benraldAydephenylhydraaones confirm the results of the visual 
obsm'ations, and the relative order of the effects of the substituents 
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is the same whether these are present in the aldehyde or the hydr- 
azine residue and is independent of the position of the nitro-group, 
viz., 


o-a 

Lemon-yellow 


o-SMe, jj-d, H, o-OMe, p-SMe, p-OMe. 

>- Deep redaish-orange 

Increasing depth 


The iniauence of the substituents is, in general, less marked than 
in the case of the azo-dyes ; (1) o-methoxyl is much less batho- 

chromic; (2) p-methoxyl, which is only slightly bathoohromic in 
the dyes, has a strong effect in the hydrazones, equalling or even 
exceeding that of p-methylthiol; (3) the feeble hypsochromio effect 
of o-chlorine in the dyes becomes most pronouncedly so in the hydr- 


azones. 



I 'p-ifUrohenzaldehyde-o-chloro* 

phmylhydrassoM . . . S 90 
II p-^Nilrobenealdehyde-o-r^ 

fhiolpkenylhydrazme • . 405 

III p - hUrohenzaiMiydephenyl- 

hydrazone 425 

IV p-NUrobmza^hyde-o-methozy- 

phmylhydrazone . . . 433 


bi^ 

I p-2^4£rQ6e»zii2i&^^ ' 

phefvylkydrazfmz . . . 413 

hydfcacme 425 

III p-Nifro6efi2(iZ<ie%(Ie-p-fneAp{- 

thi(dphei^ylhydraz(me . . 455 

IV p-Via'o6en«a&eAy(2e-p-ww^Aoa^- 

pSunylhydrazdne . . . 465 


The colours of the solutions in alcoholic potash of all the 
hydrazcaiee studied were in acccffd \rith the generalisations of 
Chatfcaway aid demo (J., 1923, 123, 3041) ; as, howerrar, the same 
marked diSerences in colour did not occur, no further conoludons 
have been drawn therefrom. 

The C&romoiscmeri^ of p-Niirobmecidelipdephenylh^iratxtiii^ — 
CiMa and Veceiotti (AUi B. AemA, Imeei, 1911, 20, i, 803) leooDp^ 
the existence two polymorphic forms of p-nit*ol»nzaId^|g^- 
phenjilty^nMBone, aad ^ following related jhanrunena have itow 
heeh observed ; ; (1) cpystaUises hrom gl^eM 
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HODGSOlSr AND HANDLEY : 


acid in yellow needles, m, p, 194®, which slowly become pale orange 
without alteration of m. p. (2) Exposure to ultra-violet light for 
some hours or to sunlight for some weeks failed to bring about any 
such change as that noted by Ghattaway (J., 1906, 89, 462) for 
benzaldehydephenyihydrazone. (3) Addition of water to a solution 
of p-nitrobenzaldehydephenylhydrazone in glacial acetic acid 
precipitated a yellow variety which changed in a few seconds into 
the red form of CSusa and Vecciotti, a transformation which occurs 
in the absence of sunlight. 

Attempts to prepare o-methylthiolbenzaldehyde were unsuccessful. 
Experimental. 

4:-MethyUhi(dphenylhydrazim^ which could not be prepared 
satisfactorily by the methods of Hodgson and Beard (/. Soc. Ghem, 
Ind.^ 1926, 45, 66t) and Thompson (J. Soc, Byers and Col., 1921, 31, 
7), was obtained as follows : Hie diazonium compound obtained 
from 4-thioanisid£ne hydrochloride (8 g.), concentrated hydrochloric 
acid (40 e.c.), and 20% aqueous sodium nitrite (18 c.c.) at 0® was 
reduced at 0° with stannous chloride (24 g.) and hydrochloric acid 
(24 C.C.), and the hydrochloride product was collected after 1 hour, 
washed with a little concentrated hydrochloric acid, and recrystallised 
from hot water, ^parating in colourless, glistening plates (Found : 

15-0 ; d, 18-45. G7H3^2S,H(31 requires 14-8 ; d, 18-6%). 

liberated from a hot aqueous 
solution of the hydrochloride by alkali or sodium acetate, crystal- 
lised from water in colourless plates, m. p. 60® (Pound : S, 20-8. 
requires S, 20-66%). 

%-MethyUhi6lphenylhydrazine . — ^The reaction product obtained by 
the above method from 2-thioanisidine hydrochloride consisted of 
a mixture of a pale brown, amorphous substance A (1-1 g.) a 
^lourlees, crystaUine substance B (7 g.). A melted below 100®, was 
insoluble in cold and decomposed by boiling water, and was probably 
analc^ous to certain compounds described by Thompson {foe, 
who suggested a diazo-hydrazide structure for them (compare 
Bambeatpr, Ber., im, 28, 840); it has not been studied further. 
B e<miained tin, which was removed frean an aqueous solution of the 
suhstanoebyhydrt^ensidpM addition of alkali or sodium acetate 

thesi gave 2-m^f^iothydrimne, which crystallised from water in 
colourless needles, m. p. 40° (Found : S, 20-6. requires 

S, 20*65%). Both 2- and 4-methyithiolph6nylhydrazine reduce 
Fehling's solution and ammoniacal silver nitrate in tiie cold, and 
decompose on keeping. 

4-Methylthiolb^izaldehyde (phenylhydrazone, m. p, 138®) was 
obtained by Friedlander and Jink's method (Ber., 1912, 45, 2084). 
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Preparation of the Hydrazones. — A mixture of the aldehyde in 
glacial acetic acid and of a slight excess of the hydrazine hydro- 
chloride in aqueous solution was warmed gently for 5 minutes. The 
hydrazone separated on cooling and was recrystallised from dilute 
acetic acid. 

Comparison of the 
Aldehyde. 

o-Nitrobenzaldehyde, 

9»-NitrobezizaIdehyde. 
p-Nitrobenzaldehyde. 

Hydrazine. Substituents in the benzaldehyde. 

o-l^itrophenylhydrazine. o-GI, p-Cl, H, o-OMe, p-SMe, p-OMe 

-<-YeUow ^orange -<-seddi^-orange — ^ 

^7i-Hitrophenylhydiazme.-<^YeUow >- -^raaage de^ erange — 

p-Nitrophenylbydrazine. -^Yellow ^ -grange red<fish-orange-> 

Colours wiOb Alcohdic Potash. — A concentrated alcoholic solution 
of potassium hydroxide was added to a portion of each of ihe above 
solutions until no further change in colour occurred. The final 
colour is recorded below after the m. p. and is followed by the 
change on heatii^. 

o-Ohhrobemcdddiyde-o-niiiFopJ^^ oraaoge needles^ m. jp. 

178® (Found : Q, 12*7. requires Q, 12-9%). I?eqp 

blue. Unc^tanged. 

P’GhlmobenzcMdiyde-o-nUtophenyVi^^ sc^yciet ^oedfeSi m. ]rJ 

203 — ^>4® (Found : Q, 12'9%). Blue. UnchaDged: 

o-MethooisybeuzaMehyde-o^nUrophenyJhydrazoney bright red needles, 
m. p. 176 — 177® (Found : N, 15-7. C14H13O3N3 requires N, 15^5%). 
Violet-blue. Unchanged. 

p-MelhoxybenmMehyde’O-mtropJimylhydTazone, scarlet needles, 
m. p. 204® (Found : N, 16*8%). Blue-violet. Unchanged. 

p-MeihyltMolbenzaldehyde-o-mtrophenylhydrazoTie, scarlet needles, 
m. p. 226—226® (Found : S, 11-3. Ci4Hi303]Sr3S requires S, 11-1%). 
Blue-violet. Unehanged. 

o-Chhrobenzdldehyde-m-nitrophenylhydrazone^ pale orange needles, 
m. p. 171® (Found : Q, 12-8%). Brownish-yellow. Deeper, 
p-G}ihrobenz(ddehyde-m-niir<^h€nylhy^^ orange-red plates, 

m. p. 172® (Found : Q, 12-6%). Brownish-yellow. Deeper. 

o-JlfeiAoa;;y6e7m2de4y(fe-m-mtrqpAe»y2feydrozowe, reddish-orange 

plates, m. p. 176® (Found ; IST, 16-8%). Orange. Brownish-orange. 

'p-Me&oaeybenmldehyde-m-nitrophenylkydra orange-yrfiow 

plates, m. p. 166® (Found ; N, 15^%}. IfeowBi^ydlow.-, Beeper.! 


Colours of O-OOlN-AfcoSoZtc Sohdiom. 

Substituents in the hydrcbzine. 

Order of increasing redness — > 

0-C51, o-SMe, p-Cl, H, o-OMe, p-SMe, i:>-OMe 

Lemon- -< — orange-— deep >red 

yellow orange orange 

Pale yeUow< yello w - > < orange — ^ 

Yellow< — orange ^reddish-orange > 
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■p-Me&yUhioiWematd^i^-m-nitropheaylhydrazom, old-gold prisms, 
m. p. 146“ (Found : S, 114%). Brownish-yellow. Deeper. 

p-€^lorobenziM^yde~p-nitroplimylAydrazone, deep orange spears, 
m. p. 224“ (Fonnd : d, 12'7%). Violet. Deeper. 

o-JUdhoxybemaldAyde-'p-nitrophenyUiydrazone, hrick-red needles, 
m. p. 204 — 206“ (Found : N, 16-3%). Violet. Deeper. 

p-M^hyMiolbenzaldAyds-p-niin^hmyUiydmzow, deep orange 
needles, ni.p. 183“ hnttnmsydlow at 140 — 146“ (Found: S, 11'3%). 
Violet. Dei^r. 

o-NUrcienzcM^yde-o-me^ltiiiolpAmylhydrazcme, deep orange 
needles, m. p. 87—88“ (Found: S, 108%). Yellowish-green. 
Olive-green. 

o-NUreimmild^yde-p-m^yltkiolphenylhydrazom, brownish-red 
prisms, m. p. 204“ (Found : S, 11*3%). Olive-green. Bluer. 

m-Nitrobmzdldehyck-o-methylihiolpkmylhydmzicme, orange prisms, 
m. p. 118“ (Found : S, 11*5%). Yellow. Brownish-yellow. 

m - NitnAenzidd^yde • p - mdhyMiolphmylhydmsone, orai^-red 
plates, m. p. 162“ (Found : S, 114%). Brown. Deeper. 

p-Ni^oUnzaidehi^-o-meth'^thidpAmylhydrazom, red needles, 
m. p. 147“ (Found : S, 10’9%). Olive-green. Bluish-green. 

yi>>Niin)betisxiJdekj/de-p-m^yl&M^AenyU’ydna^^ scarlet plates, 
m. p. 179“ (Found ; 6, 11*3%). Olive-green. Bluish-green. 

BeTmiddAf^-p-me^yl&idphmyThydrazone, colourless plates, m. p. 
93“ (Found: S, 13-6. requires S, 13*2%). Yellow. 

Deeper. 

p-MethyUhioUtenzaldehydepheny^ydrc^one, m. p. 138“ (Found : 
S, 134%). Yelkw. Deeper. 

Absorption Spectra. — ^13iese were obtained by means of a glass 
spectrograph, the source of light being an iron arc, and are shown in 
the figure. 

The anthmu desire to thankDr. H. Lowery for advice with respect 
to the abH>rption ^lectra, and the British Dyestufis Corparation for 
^Sta of chmnkals. 

TncBHKiiii CkOiitcm, Hussbbsheixi. ISeeeivei, 9A, 1023.) 


CCXLVI , — The Influence of Iniemive Drying on the 
Bysiem NUrogm P&ronMer-Nitfic Oxider-Oxygm. 

By JoHK WnnuM Smith. 

It was observed by Baker (J., 1894, 66, 611) that when carefully 
purified gaseous nitrio oxide and oxygen, which, had been dried 
»parately over phosphoric oxide for 10 dajre, were mixed, no 
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combination occurred, and on opening the container under dry 
mercury no contraction in volume was noted. When a trace of 
moisture was introduced, however, combination immediately took 
place. Hasche (J. Afmr, 8oc., 1926, 48, 2253) found that the 
velocity of reaction between carefully dried nitric oxide and oxygen 
was reduced by 20% it the walls of the reaction vessel were coated 
with paraffin wax. This he ascribed to a protective action, prevent- 
ing the gases from coming into contact with the walls of ihe vessel, 
which would hold adsorbed water vapour. Biiner (J. CMm, 
physique^ 1926, 23, 848) unsuccessfully attempted to repeat Baker’s 
observations : although the duration of the drying in each case 
ranged from 3 months to a year, in no case did the gases remain 
colourless on mixing. 

The thermal dissociation of nitrogen peroxide into nitric oxide 
and oxygen has been fairly fully worked out, notably by Richardson 
(J., 1887, 51, 397), Bodenstein and Katayama {Z. physihai. Chem., 
1909, 69, 44), and Bodenstein, Boes, Lindner, and Ramstetter 
(ibid., 1922, 100, 68). At pressures of the order of 1 atmosphere, 
considerable dissociation occurs at 500 — 600®. Hence it was thought 
that, if nitrogen peroxide were heated in the intensively dried state, 
interesting phenomena might be observed. Three possibilities 
presented themselves : (a) The nitrogen peroxide might not dk- 
sociate, i.e., the colour of the gas would not diminish on strong 
heating, (b) Complete dissociation might occur into nitric oxide 
and oxygen, which might not recomfame on cooling, (c) Some 
intermediate stage might be attained, and a de&nite i^t in the 
chemical equilibrium might be observed, oorrespmoKfiiig to a 
in the inner equilibrium in the case of dried Hgnids.^. ^ ^ 

Experimental. 

Apparatus No. 1. — ^The first apparatus employed was an adapted 
form of that used by Lewis and Rideal in their work on the synthesis 
of hydrogen bromide and the dissociation of hydrogen iodide. 
(J. Amer. Ghrni. 8oc., 1926, 48, 2664), The whole was constructed 
of “ Durosil ” glass which had been freed from capillaries by the 
method recommended by Smits and his oo-workers (J., 1926, 2857). 
The apparatus (Fig. 1) consisted essentially of a horizontal tube 
carrying a series of reaction bulbs, E, F, 0, H, J, each of which was 
connected to the horizontal tube throu^ a capillary neck suitable 
for vacuum sealing. This tube connected at one end to two bulbs, 
B and A, for use when charging with phosphoric oxide, as deacritoed 
below, and at the other end to the vacuum pump system and to % 
bulb to serve as a nitrogen peroxide reservoir, connected 
the diagram. r- ^ ^ 
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After being cleaned with chromic acid, washed thoroughly, and 
dried roughly by heating to 300® in an electric oven, the apparatus 
was assembled and connected to a high-vacuum pump system 
through the tube J. After being tested for leakage, the whole 
apparatus was heated at 300® for 2 days, a high vacuum {10^® mm.) 
being maintained in it during this period. 

Dry air was then admitted, and pure resublimed phosphoric 
oxide introduced into A through X, which was immediately sealed 
off. The apparatus was again evacuated, all the tubes except bulb 
A being heated to 300®. It was then allowed to cool and bulb A 
was heated. In this way the pentoxide was sublimed in a vacuum 
from bulb A to bulb J5. Bulb A was then removed by sealing off at 


Fig. 1. 



the constriction a. The reaction bulbs were heated strongly again, 
and, after cooling, the pentoxide was sublimed into them by heating 
the bulb B, The bulb I was kept free from the pentoxide, so as to 
serve as a standard of comparison, and a free space was left in each 
of the other bulbs to admit of colour observation being made 
iiirou^ the tube. Each had been drawn from a tube of uniform 
diameter^ so that rough quantitative colour comparison could he 
earned out. The bulb B was then drawn off at the constriction 6, 
and constriction c was also sealed. This disconnected the bulbs 
froffld the vaeuiun pump system and from the reservoir bulb D. 
Dry air was then admitted to 0, followed by a little phosphoric 
oxide and a few c.c. of dry nitrogen tetroxide. The tetroxide was 
frozOT in liquid air and the bulb was evacuated again. Occluded 
air was removed by allowing the tetroxide to re-melt in a vacuum, 
after which it was frozen again and the bulb re-evacuated. When 
a hi g h vacuum was reached, the whole apparatus was sealed off at 
the constriction d. 
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After being left for a few days to allow the nitrogen peroxide to 
dry , the bulb C was cooled in ice, and the septum H broken. The 
gas was allowed to reach equilibrium with the liquid at 0°, and the 
separate bulbs were sealed off. Thus these bulbs were all sealed off 
at the same known pressure, viz., the vapour pressure of nitrogen 
peroxide at 0® — ^264 mm. The bulbs were matched on a tinto- 
meter to a Lovibond scale. 

After the gas had been allowed to dry in the bulbs for a further 
3 days, one of the bulbs was heated at 250 — 300° for li hours. On 
cooling, the colour of the gas had diminished to about one-half of 
its original intensity, and after a further 5 hours’ heating it became 
practically colourless. At the same time the phosphoric oxide 
changed completely in appearance, passing from a j&nely crystalline, 
snow-like mass into colourless transparent plates of a type that had 
not been obs^^rved previously under any conditions. None of the 
other bulbs became so nearly colourless, bAt in each case a very 
marked diminution in the intensity was observed. 

The fact that the gas became so nearly colourless was at first 
thought to be due to an almost complete shift of the equilibrium 
towards the dissociated side. At this stage, however, I was privi- 
leged to see a private communication from Dr. Hartung to Professor 
Donnan, in which it was noted that nitrogen tetroxide reacted with 
phosphoric oxide at temperatures above 20Q°, yielding an addition 
compound. The formation of this eompottnd aj^peared to account 
for the great diminution in the colour of the bulbs, so, as other lines 
of attacking the problem were being commenced, this invest|ga|j^ 
was abandoned. 

Some months later, however, a rough analysis of the residual ga^ 
was carried out by breaking the tip of a bulb under pure, dry, 
recently boiled mercury. In tube 1 the colour intensity was about 
one-quarter of the initial intensity. On opening, the volume of 
residual gas was 4*43 c.c. The mercury, however, rose steadily, and 
after 24 hours the volume was 2-26 c.c. An attempt was then made 
to introduce a small drop of water into the tube, but the mercury 
only was moistened. An immediate further contraction in volume 
was observed. This was complete in 6 minutes, a further 24 hours’ 
standing causing no further change. The residual gas was then 
mainly nitric oxide, for on introduction of a drop of ferrous sulphate 
solution a brown colour was produced. A small bubble of other gas 
of unknown composition remained, however. The total volume ol 
the tube was 13^04 c.c., so the pressure of the gas remaining aftei 
heating was 238 mm. The bulb had been filled at a pies^e oj 
264 mm,, so it w^ concluded thatsomecombinationmust have tak^ 
place with the ^osplKwcic oxide, 
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small compared with the colour change. Hence it was concluded 
that the colour chax^ge was not due entirely to a simple absorption 
of the gas by the pentoxide. 

This was confirmed by tube 2, in which the colour was too faint 
to match on the tintometer. The tip of this bulb was opened under 
mercury which had been carefully purified and dried over phosphoric 
oxide for a year. On the introduction of moisture, the residual gas 
immediately turned dark brown and contracted in volume from 
3-02 c.e. to 1-30 c.c. The peroxide formed gradually acted on the 
mercury, leaving a bubble of nitric oxide at the top of the tube. 
The residual gas pressure (130 mm.) was here again large compared 
with that to be expected from the colour change. 

Hence it seems quite clear that the tubes contained nitric oxide 
and oxygen, and that the moisture introduced caused recombination. 
The actual temperature of drying is here unknown — it may have 
been carried out before the tube was heated, or at the higher tem- 
perature when the gas was somewhat dissociated. At first sight, this 
result seems to be in conflict with that obtained later with apparatus 
No. 3, but it may be accounted for if the drying were effected while 
the gas was slightly dissociated. However, the residual gas appears 
to have been much more dksociated than normal nitrogen peroxide 
would be on heating to the same temperature under the same 
pressure, so a definite shift in the equilibrium seems to be indicated. 
These experiments seem to confirm Baker’s observation of the 
oo^existeEice of nitric oxide and oxygen gases m the intensively dried 
state. 

Apparatus No. 2. — It was thought desirable to be able to test the 
residual gas in the absence of the nitrogen peroxide-phosphoric 
oxide o(niq[Kmxid, since it might be alleged that admission of moisture 
to the tubes liberated the peroxide from this compound, theareby 
eauslz^ the dark brown coloration. Such an explanation was 
irtgwded as very improbable, for the moisture was introduced only 
of the meanuiy and no gas was seen to rise from the 
wliich ipms covered with mercury. This explanation, 
afo, dfid net aceomst for tkempidvoloine change. In this apparatus 
the bulbs were prepared with a constriction in the middle. Phos- 
phoric oxide was sublimed into one section of this only, so that the 
compound could be removed before testing. The bulbs were sealed 
off at the same 'preemxxt m before. 

Tube No. 6 was heated at 300® for 18 hours, the gas being then 
quite colourless. After cooling, the tube was divided, and the 
section free from the phosphoric oxide was opened under dry 
mercury. A considerable volume of gas remain^. On the intro- 
duction of moisture, very little effect was noticed, however, and the 
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residual gas proved to be 2-81 c.c. of oxygen and 1*41 c.c. of nitrogen. 
No nitrous oxide could be found. The ratio of osygen to nitrogen 
(2 : 1) is here so exact that it must be supposed that the peroxide 
had completely dissociated into its elements, although it does not 
normally do so at any appreciable rate at this temperature. The 
volume of the bulb was 22-17 c.c. The loss was presumably due to 
the compound formation. The bulb containing the compound was 
treated in exactly the same way, but no coloration was observed on 
introducing a little moisture, and no volume contraction occurred. 
Hence the results obtained with tubes 1 and 2 were shown not to be 
due to the decomposition of this compound. The introduction of 
excess of moisture caused only comparatively slow decomposition. 

Tube 7 was heated at 300® for 6 hours. It was then cooled, 
divided, and opened under mereury as in the previous case. T3ie 
mercury was not so dry as that used before, and the residual gas 
gradually contracted in volume and became deeper reddish-brown 
in colour. Bather more moisture than was desir^ was then added, 
and a definite aqueous film was produced. This caused a sharp 
contraction in volume which was complete in a very short time, 
further standing producing only a minute further oontraction. The 
residual gas was again nitrogen and oxygen, but in about equal 
parts- The fact that the proportion of oxygen to nitrogen was 
lowerinthisoasemay be attributed to the interaction of some of 
mixogm peroxide irith maro^, yieldixig oxide, whieh 

absorbed more cdi^gsm, ani| so ^ ir^^essca to oonirp^ iM 

observations made with tubes 1, 2, and 6, * . ; 

The decomposition of the nitric oxid© 
catalysed by the large surface of the phosphoric oxide, wh^ was 
veiy finely divided indeed. It has been found that the elem^ts 
are not formed to any great extent on heating the nitrogen peroxide- 
phosphoric oxide addition compound, and also that they are not 
formed to any extent if the tubes are heated in the inirial sts^es to 
temperatures of about 350®, at which the phosphoric oxide passes 
into the glass-like form. The evidence of these experiments shows 
that a temperature of about 300® and prolonged heating favour the 
decomposition of the nitrogen oxides into their elemente, a reaction 
which is almost entirely absent at slightly lower temperatures. 

The Effect of Intmsim Jurying a,t the Oriiimry Temperature on Hhe 
Thmnal Dis&oeiaticm of Niirogm Perooaide into Nitric (hnde and 
Oxygm, — The apparatus employed (Fig. 2) embodied the cireui- 
atiou principle us^ by Smite, de liefde, Swart, and CSaassen 
1926, 26S9). T^mHquMevaporated from the btdb-d, passed 
the|9rd^horte U-tube 

whioh was en W 
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tube, as shown. IVom here it ran back aloiig the tube L into A 
The apparatus was coimected to a bulb, jD, in which the liquid ooulc 
be frozen out, and to a series of bulbs, j&, G, etc., in which smaJ 
amounts of the gas could be sealed off for testing purposes. Th< 
apparatus at this side ended in a connexion to a high- vacuum pumj 
system through the constriction M. The constrictions joi ning th< 
bulbs to the horizontal tube were not made very narrow, but th< 
walls at these points were made very thick so that the bulbs coul( 
still be readily sealed off in a vacuum. This avoided the usua 
restriction on the diiBEusion of gases, and hence also of moisture 
from the bulbs — b. veiy serious drawback to capillaries in diyin| 
apparatus. 

The whole apparatus was constructed of capillary-freed “ Pyrex ’ 
glass. It was heated under a high vacuum for a week, after whiol 
phosphoric oxide was sublimed into the U-tube B, The nitrogei 


EiG.2i 



p^roxkle was introduced into D, where it was frozen out, thi 
apparatus was evacuated, and the constriction M sealed off. Th< 
apparatus was kept in an air thermostat at about while a strean 
ci ooM water was passed through the inner vessel, C, In this wa] 
a steady circulation was maintained, the average amount condensing 
bem^ about 10 drops a minute. 

After 3 months, the liquid was all condensed in hulb D. This wai 
then placed in a bath at 0®, and when equilibrium was reached a bull 
of the gas was sealed off. The colour of the gas in this bulb, whei 
matched on a tintometer, was not appreciably different from tha 
of a blank undried specimm. The bulbs were slowly heated togethe 
in an electric furnace. The colours deepened similarly up to abou 
400°; on raising the temperature further, however, the colour of th 
undried gas appreciably lightened owing to dissociation into nitri 
oxide and oxygen, but that of the dried gas remained constant, s< 
far as could be judged visually. The colour difference was qmt< 
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perceptible at 600°, and at 600° it was very marked. It being 
thought possible that the rate of dissociation was very much retarded 
by the intensive drying, the bulbs were maintained at 550° for 24 
hours. Even after this period, the nitrogen peroxide did not appear 
to have dissociated to any appreciable extent. On slow cooling, the 
colour of the moist bulb became about the same as that of the dry 
bulb at about 400°. On further rather rapid cooling to room tem- 
perature, the dry bulb remained somewhat darker than the undried 
one. About 3 hours were required before the colour of the former 
returned to that of the moist bulb. This was evidently due to the 
slow rate of polymerisation of the NO^ molecules. 

Erom this simple experiment the following deductions may be 
drawn, {a) Intensively dried gaseous nitrogen peroxide does not 
dissociate very considerably into nitric oxide and oxygen, even on 
heating at 550° for 24 hours, (b) The rate of polymerisation of the 
coloured NOg molecules to form the colourless N2O4 molecules is 
retarded by the intensive drying. 

After drying for 6 months, another bulb was sealed ofiP from the 
same apparatus. The complication had now arisen that the vapour 
pressure at 0° had so far increased that the colour of the gas iu 
equilibrium with the liquid at 0° was much darker than in the 
specimen “ wet ” tube. Accordingly, the liquid was cooled in a 
freezing mixture until the colours were as nearly matched as possible. 
The bulb was then sealed off. It was observ^ later that this bulb 
was a little lifter in colour than the standard tube. On heating 
to 600°, however; it was appiedab]^ darker. The tubes were mam<* 
tamed at about 620° for 24 hours, this tempeorature, as pear to 
the softening point of the glass as it was thoi^bt sa& to 
bnlb. The bulbs were then of equal colour intensity, €md on cooisig 
and re-heating all abnormality seemed to have disappeared from the 
bulb. This was probably due to the fact that at such high tem- 
peratures the “Pyrex” glass tends to decompose superficially, 
evolving a small quantity of water, 

Summary, 

When nitrogen peroxide is heated with phc^phoric oxide, at least 
three reactions take place ; (a) The pentoxide combines with the 
nitrogen peroxide, yielding the compound described by Hartung 
(private communication), [b) The nitrogen peroxide is dissociated 
into nitric oxide and oxygen to a greater extent than in the moist 
gas, and these products do not recombine on cooling, (c) The nitric 
oxide decomposes into its elements at a greater rate than normafiy. 
This reaction may be catalysed by the laige surface of the ;^o^orie 
oxide. 
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A temperature of about 300° and prolonged heating favour 
reaction (c). 

Sifaxjgen peiroxide which had been intensively dried at the 
ordinary temperature did not dissociate very considerably into 
nitric oxide and oxygen, even on heating at 550° for 24 hours, but 
on heating at about 620° for the same period, it seemed to revert 
completely to the normal form, probably owing to a superficial 
decomposition of the glass. 

In the dried gas the rate of polymerisation of the coloured 
molecules to form the colourless molecules is iretarded. 

In conclusion, the author desires to express his thanks to the 
Department of Mentific and Industrial Research for a grant, and 
especially to Professor F. G. Donnan, F.R.S., for his helpful advice 
and criticism throughout the progress of this research. 

The Sm Wn^muic Rajicsay Labohatobies oe 
Inobganio A2snD Physioaii Chbihstby, 

Univebsity Coixbqe, London. Ifiecdved ^ May 4 ih , 1&28.] 


(XKLVII . — The Thermal Decomposition of 
Thioibemmilide. 

Bj AffimuB WnxiAH Geaiuahi. 

Xt ia <»x leoord (Jacobacoi, Ber., 1886, 19, 1067} that thiobeozamlide 
deoozQposeB distilled, gelding hydrogen solphide and 1-phenyl- 

h^DsthiazoIe (I). As the thermal decomposition the iSf-phenyl 
ether of thiobenzanilide (^-phenylbenziminophenyl thioether) had 
teoea&j been investigated (J., 1926, 2296), it appeared desirable 
to stod^ the decompositiQn of the parent thioheozanilide in greater 
deflail, and, after a prelimiiuuy trial had confirmed the original 
alateiBcnt that hydn^m sulphide and 1-phenylbenzthiazole were 
fKodnoed, esperiments were carried out to determine if possible 
the preoffle mechanism of the change. 

ISie simplest reaction by which 1-phenylbenzthiazole m^t be 
pxodimed is the ioQowii^ : 

Cj*HjjNS = Ci3H;S[S-1-H2. 

Experi]nai.t drowed that hydrogen k not evolved in the decom- 
poeitkm, so if this zeedhm does take pla(%, all the hydrogen is 
absorbed by some reducible material. 

Under certain conditions, tfaioanilides are readily ozidised to 
thiazoles (ccmpare Jacobson, loe. c^.) and the formation of thiazole 
in this ease might be attributed to atmospheric oxidation. The 
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reaction, however, proceeds equally well in an atmosphere of an 
inert gas, so the osygen of the air plays no part in the decompositian. 

The hydrogen sulphide is not produced by direct reduction of 
the thioanilide thus, 

PhO(SH)ami Phcsansph + h^s, 

since neither benzalaniline nor benzaldehyde was detected among 
the products of the reaction. 

Separation of all the products of decomposition was attempted 
and a-diphenylbenzenylamidine (11) (yield, 11 — 19%), stilbene, 
and tetraphenylthiophen (HI) were isolated in addition to hydrogen 
sulphide (37 — 40%) and 1-phenylbenzthiazole (38 — 58%). The 
quantities of stilbme and tetraphenylthiophen formed could not be 
determined. 

The presence of the amidme indicated that aniline was present at 
some stage of the process. The yield was not affected by careful 
dr 3 dng of the material before heating, and the formation of the 
amidme could therefore not be attributed to hydrolysis of 
anilide. Aniline could, however, be formed by reduction of the 
thioanilide thus, 

Ph-OS-NHPh Ph-CHS + HgN-Ph, 

the necessary hydrogen being furnished from the production of tbs 
thiazole. The thiohenzaldehyde would then decompom (eompece 
Baumann and Elett, Ber., 1891, 2i, 3307), ykidbng hydnc^en’ 
SB]^dde, '^and te^j^KsiyffMophea, aB whielt wncb 

actoafiy -• ^ 

It appears very prbbfthie'-fiiai 
the correct one, as it is also is agreeBoMl’II^ 
isolated in the separations. The complete seiiee reaolidQS eedirlili 
represented by the scheme : 

Ph-CS-NHPh (I) PhC^>CeH4 + 2H. 

2H + Ph'CS'NHPh — ^ Ph-lSHa + Ph-CHS. 

Hi-NHa + Ph-CS-NHPh — > (H) + HjS. 

Ph-csEs cHPhtcHPh + + HjB. 

ExPEBIUB]!rTA.L. 

Numerous experiments were performed the results of which, were 
all in agreement. Ihiobezmanilide (5 g.) was placed in a large test- 
tube boated hr an oil-bath fmd fitted with inlet and outlet tubes to 
eoal^ th^ air be.repjaeed by or^lxm dioxide or niiaxgeai. The 
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exit tube was connected in series to a cooled U-tube, so that any 
volatile liquid product might be condensed and observed, and, in the 
experiments for the detection of hydrogen, to a mtrometer, or, in 
the other quantitative experiments, to a series of wash-bottles 
containing standard iodine solution to absorb hydrogen sulphide. 

Decomposition occurred at 250® and brisk evolution of gas took 
place at 270® and above, the gaseous product being swept out by the 
current of nitrogen or carbon dioxide. The bath was maintained in 
different experiments at various temperatures between 250® and 
310®. Above 270®, the decomposition was practically complete in 
an hour, but at 260® about half the material could be recovered 
unchanged at the end of that time. 

The hydrogen sulphide formed was estimated by titration of the 
iodine solution in the absorption vessels. A trace of non-aqueous 
hquid, insufficient for examination, condensed in the connectiog 
tube. It was probably aniline, as Jacobson detected a trace of 
aniline among the products obtained under his conditions. The 
residue in the tube was a very dark brown oil which crystallised on 
cooling. It was dissolved in ether, and the solution extracted 
repeatedly with dilute aqueous sodium hydroxide. The alkaline 
extract yielded unchanged thiobenzanilide on acidification. The 
ethereal solution was then evaporated, the residue extracted several 
times with hot concentrated hydrochlorio acid, and the extract 
pouredintofivetimesits volume of water. A voluminous precipitate 
of l-phenylbenztfaJazole was produced which on crystallisation from 
alcohol gave colourless needles, m. p. 1 13 — 1 14°. "^en the aqueous 
acid filtrate was made alkaline with sodium hydroxide, s-diphmyl- 
boozenylamidine was precipitated (long prisms, m. p. 146® after 
crystallisation from rfcohol). The identity of every substance 
isolated in this investigation was confirmed by direct comparison 
and mixed melting-point determinations with an authentic specimen 
prepared by a known method. 

The residue insoluble in hydrochloric acid was dark brown, oily 
above 100®, and hard and crystalline at room temperature. It 
represented about 20% of the weight of the ordinal thiobenzanilide. 
After a number of attempted separations had indicated the nature 
of the material, the following method of purification was adopted, 
the residue from several batches of heated thiobenzanilide being 
used. Part of the material was submitted to steam-distillation; 
a small quantify of white solid distilled over, which on crystallisation 
from al<x>hol gave colourless scales, m. p. 114 — 121° (120® when 
mixed with stilbene}. Further purification of this small specimen 
was not attempted. The remainder of the residue was distilled 
(b. p. 300° to above 400°), and the distillate crystallised from 
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alcohol. Slender needles of tetraphenylthiophen (m. p. 184 — 185° ; 
very sparingly soluble in alcohol) were obtained. The mother- 
liquors were evaporated to dryness and the residue was tahen up in 
carbon disulphide and treated with a slight excess of bromine, A 
precipitate of a-stilbene dibromide was immediately produced, which 
was purified by washing with absolute alcohol, in which it was very 
sparingly soluble (m. p. 237° decomp.). 

The author wishes to express his indebtedness to the Chemical 
Society for a grant which has defrayed part of the cost of this 
investigation. 

The Um xve bsi t y» SHganEin, [Received, May I2th, 1928.] 


CCXLVIIL — The Action of Nitrous Acid on Amino- 
compounds. Part IL Aliphatic Amino-acids. 

By Thomas Weston Johns Taylob. 

The action of nitrous acid on aliphatic amino-acids is largely used 
for their estimation by the method of van Slyke (J. Bioh Chem,, 
1911, 9, 275; 1912, 12, 275); a large excess of nitrous acid is 
employed, and the progress of the reaction followed by measuring 
the volume of nitrogen evolved. Apart from qualitative estimates 
of the relative speeds of reaction of various acids, however, no 
measur^ente ci reaction velocity have been made, with the excep- 
tion of the work of Dunn and Schmidt {ibid.^ 1922, 53, 491), who, 
using van Slyke’s method, investigated a series of acids and showed 
that the reaction was more rapid the hearer the amino- and the 
carboxyl group were in the carbon chain. They also state that the 
amino-acid disappears at a rate in accordance with the unimolecular 
law, although their experimental results are far from consistent. 

The amino-acids react with nitrous acid much more rapidly than 
do methylamine and ammonia, and in order to throw light on this 
difference, measurements of the reaction velocity in the cases of 
glycine, a-alanine, and ^-alaniue have been made. For reasons 
pointed out in Part I (this voL, p. 1099) any method similar to that 
of van Slyke is unsuitable, and the reaction has been followed by 
estimation of the amino-acid. It is shown that the difference referred 
to arises from the fact that, with an amino-acid NHa'E^CO^OH, the 
form KH 5 +*E’C 0*07 is able to react rapidly. 

MdSwA €md Materiais . — The reactions were investigated at 
^5*^ i 9*1°. The solutions were made up from standard solutions 
of the amino-acid, of sulphuric acid and of pure barium nitrite; 
mixture was protected by layer of medicinal 
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tlirough which passed a small stirrer and a tube ; through the latter, 
samples were withdrawn from time to time by pipette. 

The sample was Immediately nm into excess of aqueous baryta 
and Ihe amino-acid content estimated by a modification of Sorensen’s 
formalddiyde titration method (Biochem. Z., 1908, 7, 45), Phenol- 
phtbalftin was added and dilute sulfuric acid run in from a burette 
until the pink colour just disappeared ; excess of 20% formaldehyde 
solutiozi, which had been previously neutralised to phenolphthalein 
by baryta, was then added and the amino-acid was titrated with 
O-Odif-baryta. The method was found by blank experiments to 
give results accumte to 1% in the case of glycine, if tiie final con- 
centration of the glyciae was not less than about 0*01 JT ; with nmre 
dilate solutions the end-point is not very definite. In the case of 
the two aminopropionio acids the end-point is not so good and the 
accuracy consequently suffers; no other method giviz^ a greater 
accurate is, however, available. 

The glycine was a commercial A.Bi. sample which had been 
recrystallised three times from aqueous alcohol. a-Alanine was 
prepared hy the method of ZeliTwky and Stadnikoff (Ser., 1908, 41, 
21^1) and ^-alanme from soociniimde (Holm, drc&. Pharm., 1904, 
24^, S97) ; after Hmee reerystallisatioBs £rom aqueous alcohol the 
c-conrpoeind melted at 295* (con.) and the p at 206* (oorr.) ; the 
latter point is 10° higher tlran that usually accept^, but 

agrees with iAe observation dt Lmgfdd and Stieglitz (dmer. Chem. J., 
1892,15; SOB). 

BemiUa. 


The three acids show qualitatively the same hdiaviour towards 
nikous acid. At a dilution of 0*05^ with an equivalent of barium 
nitrite no leaotion oould be detected over a period of 6 hours. Wirix 
an eqnivakot nitrons add there is a rapid reaction unlike Hie 
oases of metl^lamine and ammonia; the rate of this leacHon is 
knrered by the addition of minaal adds or of nentral salts. 


— Carveslandn of Fig. 1 show the rate of reaction with 
an equivalent of nitrous acid in 0*05^’- and 0*025^-solution respec- 
ttvefy. The reacticm is so fast that nitrogen bubMee freei!^ kom 
Hie sdutimi and thus the spontaneous dectunpositiQn of the nitrous 


add is pronounoed; oonsequeni^ the inter^etatioa of the 
is not so aim^ as in the case ofmethyiamine (Part I, 
fi&we tlie vdodiy is kiwsred the laeeenoe of Bal|d^d|^1i&d 
(Curves m a^ IV, Kg. 1) and shmu a product of Hie reaction is 
aoSl, eopli&aeiHB warn o^ out wiHi which 

«ddbd (Curve I, Kg. 1% 

(9:251’), however, velodty <4 
idwhkidliieireissoiwgativeaatocatalydB. - 
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The reaction with one equivalent of nitrous acid is approximatd.y 
of the thiWl order. !Prom the smooth curves shown in Fig. 1 values 
of the glycine concentration at intervals of 10 minutes were read 
and &om these termolecular velodty ooeffidents were calculated; 
these are shown in Table I for both O-OSJr- and 0-(@5Ji^*sola1ions ; 
h cannot be euqpected to remain constant because of the marked 


Ro. 1. 



spcmtuieous decompomtion of one of the leactmuts. If, however, 
these values are |dotted against time, as in the upper part of Big. 1, 


sfarai^t lines-are drawn through them, the lioes for the two 


r:-r 


wtsiWfiMS' erpeoted, j^nee t&te ■ 
the nitrous acid'is greats 
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Tabib I. 

Glycine. 

0*052/-So]ii. 0-025W-So]n. 

k *^rmrH. (min -i)i X nonn. h termol. (mm.-*). 

0-025 

18-2 0-0227 17-0 

14-9 0-0208 17-0 

13-9 0-0198 15-9 

12-8 0-0188 16-4 

12-0 04)180 14-9 

11-4 0-0174 14-2 


'Sjs. 2. 


12-8 

10 


5 

0-05 . 

i 





imn. 

X norm. 

0 

0*05 

10 

0-0372 

20 

0-0317 

30 

0-0285 

40 

0-0265 

50 

0-0250 

60 

0-0238 


10 20 30 40 60 

Time (mmulea). 


I. 0-05N-o-Afcm»iw + 04fiW-B3IO,. 
n. OHOON' „ -fO-OSSN- „ 

m. 04Kffir- -f 04MW- 


+ o-fiN-sa 


60 


ol jwfisage of ^ bob^BO ttuoogh tiie liquid. H ao^ 
order is no Mnd of convergence of 

thft i Wdbb; wwVminE s qaadiimcdecular reaction, which gives 
mote oonstaact valnee f(» k at any one dilution, the extrapolated 
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value for k at O'OSiV' is 390 minri, and at 0*025^ 720 miTi - i ; and 
for a bimoleoular reaction 0-78 at O-OSif and 0-43 at 0-026Ar. 

Szperiment showed that doubling the concentration of nifxous 
acid increased the rate of reaction much more than doubling the 
concentration of glycine. Hmice of the three reactii^ molecular 
speeies, one must be glycine in some form and the other two nitrous 
add; there is an immediate analogy with the case of meihylaniine, 
whezB the reaction velocity is proportional to the product 
[BHHj-piOj'lEHNOa]. 

a-AUtnim and ^-Alanine. — ^Precisely the same holds for these 
two acids, except that ^-alanine reacts much 1^ ipadily, so that in 
0‘Q252ir-soluidon the velocity is too slow for accurate measurmnent. 
Measuremmits were therefore made in Q‘05N~ and 0-041V'-solution. 
The results are shown in Figs . 2 and 3 and in Tables n and HI. 


Table n. 

«-Aiamne. 

O-0527-SoIii. 0-02aiy-SoIn. 


tmiiL. 

X norm. 

k tennoL (min.' 

a; norm. 

i termoL (niin.~^ 

0 

0*05 

— 

0-025 


10 

0-0401 

11-1 

0-0233 

12-1 

20 

0-0354 

10-0 

0-0222 

10-7 

30 

0-0326 

9-0 

0-0212 

10-4 

40 

0-0306 

8-4 

0-0204 

10-0 

50 

0-0290 

7-6 

0-0198 

9-5 

60 

0-0279 

7-4 

0-0193 

9-4 


Table m. 

^•Alaai^. 

0-052f-S(^. ' O-OAfT-Soln. 


t min. 

0 

X norm. 

0-05 

k torpioL (minr^). 

0-04 

k termol. {min.“^), 

10 

0-0460 

3-33 

0-0380 

3*40 

20 

0-0436 

3^0 

0-0364 

3-25 

30 

0-0418 

2-87 

0-0360 

3-16 

40 

0-0402 

2-74 

0-0339 

3-07 

50 

0-0388 

2-66 

0-0329 

2-99 

69 

0-0375 

2-80 

0-0321 

2-88 


libw an aliphatic amino-aoid, KH 2 *B*CO'OH, in solution tc^jetiier 
with the weak add nitrous acid exists almost entirely in the hwo 
forms NHs+’R'CXX)" (A-*") and IJHj+'BCJO'OH <A'‘’) (Bjerrum, 
Z. pk^ika. GktM., 1933, 104, 147). B the totid eoacentration of 
j^cphso-acid is tQ tiis-t of the nitinns acid and ^ 
fE^pi^/rd^aoidispras^seilieismA'*',wchave • 

fi, *• 

wiidti$'!lt '0 is the add <fis 0 (kiati(m con^anl 
3 b ' 
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[H*] is the hydrogen-ion concentration. Further, since the whole 
solution is electricaUy neutral, [NOg'] = [H‘] + [A+], which gives 

[NO*']=/a: + [H*]and[HNOj] = (l-/)*-[H-]. . (2) 

Therdore, if Xu is the dissociation constant of nitrous acid, 

{/a; + [H'])[H']/{(l-/)x-[H*]}=Xs . . (3) 

li'.liiniTift.t.inw of [H*] between equations (1) and. (3) leads to a cubic 
equation connecting x and /. Numerical valnes were substituted 
for Ka, Xs and x, giving to the last the values 0-05X and 0-025X 

Fia. 3 . 

4*01 i 1 1 1 1 n 



2-0 

0-05 





0-03 L If I 

6 10 20 30 40 50 60 


Time (mintties), 

I, O’OSN’fi-Alanine + 0-062V -HNOj. 

n. o-o4]sr- „ + 0-04V- „ 


successively, and values for (1 — /) 'were calculated; these are 
shown in Table IV. 

Table IV. 


^ (l-/),0-05xV. (l-/),0-025xV. % Change. 

Glycine 4-7 x 10 -** 0-786 0-800 1-75 

a-Atanine 2-46 X 10^* 0-721 0-718 0-43 

/SUAIaaine 2-49 x 10 -«t 0 


* BiemxBOf Isc, eit, 

t CftlcBlatoci from Ley's results (Bear., 1909, 42, 374), 


It can be seen that Ae fraction of the amino-acidl 
fonn hardly changes in value on alteration and 

the assumpticmk made hare tiiat it is indepedS^ of concentration. 
TUsmima of the wiino-acid which reacta with nitrous acid may be 
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A+ or A+" or both. Now addition of sulphuric acid lowers the 
reaction velocity; if A+ is the reacting form, the concentration of 
this form will he increased by addition of mineral acid, and hence 
the nitrite ion must be involved in the reaction, since there is no 
other derivative of nitrous acid whose concentration is decreased 
by mineral acid. 

If, however, A+“ is the reacting form, the concentration of this is 
decreased by increasing the hydrogen-ion concmitration (compare 
equation 1), and thus the velocity may be proportional to the 
product [A+ - JHNOa]*. The measurement of reaction velocity in 
the presence of sulphuric acid shows that of all possible hypotheses 
tire latter is correct. 

The results of measurements with 0-05N-glycine and 0-05iV- 
nitrous acid in the pre^ce of 0-06N-sulphurio acid and of 0>LN- 
sulphuiic acid are shown in curves m and IV of Kg. 1. AamiTwiTig 
tiiatthereaction velocity isproportional to the product [A+-][HN 023 *, 
let the concentration of glycine and of nitrous acid be a initially and 
X at time t. For the results shown in oiuve TV the fl.ninnT<t r of 
sulphuric acid present is 2a; the hydrogen-ion concentration at 
time i may be taken as 2a— z, since the ^ycine will be almost 
completely in the form A+. Hence, if / is the fraction of glycine 
present as A-*-, we have analogously with equation 1, 

(1 - S)x{2a - x)lfx = Ag, 

whence / = (2a — z)l{Ks, -f- 2a — *). It can be further assumed 
that the nitrous acid is completely undiasooiated in the presence of 
the sulphuric acid, and thus on the above assumption we get fmr the 
reaction velocity 

— dz/dt = ks^Kg/(Ke + 2o — ®), 
whksh on int^ration between times t and 0 gives 

2a%* ^ E^J- 

Values of k calculated from this equation for eveiy 10 minutes are 
shoTOi in Table V. 

For the reaction in the presence of one equivalent ci sulphuric 
acid, after a certain time an appreciable amount of free sulphuric 
add is present in the solution, since some glycine has disappeared. 
The hydrogen-ion conoentration can be taken as eqiml to that of 
ihisfreeadd;. thusattime^, [H*] (a — a:). In a fashion simiidr 
to that above, it can be shown that ; 


— fs bi^EiJiKs + a — 
This be 
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the assnmptioDs made do not hold at the start ol the reaction. 
Znt^ratitHi between times tg and gives 




1 £lb -j- o 1 "1** 


Values of i calculated from this with t^ — iO mins, are shown in 
Table V. 

Now for ika reaction between glycine and niiarons acid akme, the 
fraction of i^ydne present in the fcom A***' is given in Table IV; 
the ocmoentration of nndisBooiated nitrous aoid is given bj equation 
(2), sinoe the tern [B*] can be obtained from equatanqfl). Thus on 
the present assumption the reaction velocity should be f^en by 


^ = *(1 -f)4} 


^a/\* 

r=rf) 


whence, assuming / is independent of concentration and writhig 
{l-f) = b!aidKsfj{l-f)^c, 


Valaee ef S osIotAnted both for (HISN- and <H)SSN-solations ate 
^bcMlHn Table V. 

It will be seen ffasttlw values ofhfiora the font sets of experiments 
agree as well as could be expected, la the reactions which proceed 
more dowly, and thus wh^ the spontaneous decomposition of the 
nitnMis aoid is lees mariced, the values of h are higher and fall off 
leesxaj^dly. 

TasIiB V. 


Glycine. 


0-05Jr-Glycine + O-OSAT-HHO,. 



O-l^T-HjSO*. 

0-05^.H,SO*. 

I. . r r 

Alone. 

-f- O025^j^.H2TO, 

1. 

2. 

h 


k. 

k. 

k. 

0 

(H>500 

— 

0-0500 

. — 

— 


10 

0*0459 

' 45-1 

00411 

— 

39-2 

45-0 

20 


44-2 

00357 


33-5 

^-3 

30 

0-0410 

41-1 

0-0332 

32-8 

29-4 

37-5 

40 

0-0395 

38-8 

00311 

28-5 

27-9 

34-2 

SO 

04^2 

35-B 

00300 

207 

^5 



(Cuive IV.) 

(Carve HI.) 




If way erther aasamption is madar^ 
iovaiwad M iim zeaetifaa, siiiiil^ 
ft la isBad lAat there is so 
(terived from the four sets of 
Tdidi^ it as proved. 


the pradsnt [A^ - j^lBOSTOj 



is proportional to 


f<Hr the true velocity coefficients 


lor I2w three ae^ eah be ohttdoed from (4), plotted against time 
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and extrapolated to zero time. The results are in Table VI ; they 
are not very accurate for the alanines because equation ( 4 ) is very 
sensitive to small changes in x, and the analytical method is not 
capable of the accuracy it demands. 

Table VI. 


Glycine 46 4-7 x 1(H 

a-Alaoine. — 32 2*45 x 10^ 

jS-Alanine 45 2*49 x 10^ 


The apparent difference in the speeds of reaction in the three 
cases arises mainly from the difference in the acid dissociation 
constants Ks- A small value of Kq causes a small concentration of 
the form A'*' " and therefore a small reaction velocity. The results 
of Dunn and Schmidt (he. cii.) are thus in agreement with the 
general conclusions of Bjerrum {he, cU,)^ that the more closdy the 
amino- and the carboxyl group are situated in the carbon chain^ the 
greater the value of Zg. 

The possibility remains that the reaction may also proceed by 
an alt^ative mechanism, at a rate proportional to the product 
[A+JJNO^'JpBDSTOa] as in the case of methylamine and ammonia. 
If velocity coefficient for this mechanism is of the same order as 

in those two cases, 1 min.*’^, the effect of this mechanism will be small 
compared with the Zwitterion ’’ mechanism, and the experimental 
accuracy is not great enough to detect it. 

The results arrived at have two possible interpretations. Either 
^ reaction is actually of the third order, or else it is a reaction 
between undissociated nitrous acid andL a ecanplex f onn^ the 

Zwitt^on ’’ and nitrous acid, since the oonoent^den^ of my smik 
oom^lex will be proportional to the jroduet [A+"" JHNOg]. T«hing 
into account the results with methylamine, the latter explanation 
becomes the more probable; an uncharged complex can oxdy arise 
in the case of methylamine from the molecular species CE[3*1JH3+ 
and NO2' ; in the amino-acids it can arise fcmn the species A'^~ aM 
fiN02; and in each case the reaction velocity is proportional to the 
product of the conoentratl<m of the appR)piiate molecufer speeies 
multiplied by that of imdissocmted mtrous acid, The velocity 
coefficient is £(n:ty ihnes larg^ in mmo - acids than in the amine ; 
the difference, on tiiis view, would he a measure of the ratio of the 
pmbabffities of theforxnation (ff a c^plex£ram thespeeies and 
HNO2 and from the ipns and 

^^^ 4 ^ Jfeuirtd 8aUa. , . 

TSie effeotr €i aalif ia d interesfc beewose d Ibe 

Pfetfier £anQ..@(8Bf|e9»^i«i^ 
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exist in solutioa aa well as in the solid state (references in I^eifier’s 
“ Organisohe Moleknlverbindnngen,” 1927, p. 143 et seq.). His 
results indicate that calcium chloride is more able to form complexes 
than potassium chloride ; but the reaction velocities in the presence 
of O-OOi^-calcium chlori^ and of 0’05iV"-potassium chloride wmre 
found to be the same within the limits of error of the method. The 
retarding effect of neutral salts is also found in the cases of methyl- 
amiim and ammonia, where it is almost certainly an ionic strength 
effect, and thus the present results provide no support for Pfeiffer’s 
views. 


1. The velocity of reaction of nitrous acid with glycine, a-alanine, 
and P-alanine has been measured at 25*’ in dilate aqueous solution. 

2. The reaction is approsimatdy of the third order, and is retarded 
by the presence of neutral salts or of mineral acid. 

8. It is shown that the principal reacting qiecies are undissociated 
nitrous acid and the amino-acid in its “Zwitterion” form 
2 IH 3 '^*B<X)* 0 ~. Ihe implications ol this result are discussed. 


My tiahks are dim to lir. J. 7. Cowley for his help during the 


Tbs Dsbon Fxbsihb Labosaxobv, 
Qxiokd. 


[SeeHved, Mas 192S.] 


CCXItEX. — The Condensaiion of Eexahydrocathazole 
and of Tetrahydropentindole with cyeloPenUmom 
Cyanohydrin. 

By Stdkbt Cleke Peeston PIiAMT and Doeotht Mat Ltddoe 

RiPPOBr. 

It has been observed by Plant and Facer (J., 1925, 127, 2037} that 
the fusitm of l-anilinocye&rpentane-l-carboxylic acid (I) with 
potasmum hydrcudde 3 neldB earbazole, a reaction which istwelres 
the enlargement of the (^j/elopmitane ring, since and 

l-o-tcdnhiino-^ehrpentane-l-carfaoxylic acid yiri^ 3-Pflf|i|l- and 
l-methyl-carbazbte, respectively, nnd^r.|)hadils« .acgi^i^ (Oake- 
sbott and Plant, J., 1^6, 1210; Ifl^, 484). 

{parting with certain heterooyr^ the jlaoe of tUMiHI 

mij^t be expected to derivative, e.g., 

bam acid (H) a 

mdistaiiae cl the atraotare (ill) m^ht arise. Manjunath {J. Indian 
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Chem. Soe,, 1927, 4, 271) has prepared substances * which clearly 
contain the ring system present in (III). By reducing 9-mtroso- 
hexahydrocarbazole with zinc dust and acetic acid in the presence 
of cyofohexanone he obtained 8 : 9-(l' : 2'-c2^fohexyl)tetrahydro- 



carbazole, which, on electrolytic reduction, gave the corresponding 
8 : 9-(l' : 2 '-<^cZohe 3 :yl)hexahydrocarbazole (IV). 

Although, for reasons given below, it was not found possible during 
the course of the present work to synthesise a polynuclear carbazole 
of the type described, several interesting reactions have been brought 
to light. When hexahydrocarbazole (the ordinary ci^-modification, 
m. p. 99®; see Gurney, Perkin, and Plant, J., 1927, 2676) was 
treated with cydbpentanone and potassium cyanide in glacial acetic 
acid solution, l^{Q'‘hemhydromrbazyl)-l-cya7U)ojGlopmtane (V) 
resulted. This nitrile, on boiling with concentrated hydrochloric 



acid or with alcoholic hydrochloric acid, was hydrolysed with the 
formation of hexahydrocarbazole and c^dbpentanone, so this route 
to the corresponding acid could not be adopted. When a solution 
of the nitrile in concentrated sulphuric acid was left for two days, 
the c<Mnr^ponding amide was produced. Hydrolysis of this to the 
acid could not be carried out, the amide either remaining unchanged 
or breaking u]p with the production of hexahydrocarbazole under 
the conditions used. When the amide itself was heated with 


* The formulae given for these substances in Manjunath^s pap^ dct not 
contain ibe system under discussion here and are obviously n^sjpmts, 
but there can be no doubt concerning the actual structure of the 
described. / “ 
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potiBadum hjdroxids with a Tiew to coiiTertBig it directly into the 
polynuclear carbazde, it again broke np with the fomation ol 
hexahydiooarbazole. 

As a poadble {dtematire method for obtaining l-(9'-hezahydro- 
oarbazyl)eyciopentane-l-carbozyliG add, the -nitrosoainlne of 
l-aoilinoeyclopentane-l -carboxylic acid (Plant and Pacer, loc. cit.) 
was reduced with zinc dust and hot acetic acid in the presence of 
cyclohexanone. This led to the formation of l-(9'-ietra^rocarbe^)- 
cydopenkme-l-carboxiflic acid (YI), but reduction to the coireBpond- 
iag derivative of hexahydroearbsusole has not been brooght about. 
However, the acid has some interestixi^ reactions. ’When wanned 
with 60% aqueous sulphuric acid, when distilled, or when heated 
with solid potassium hydroxide, it dissociates into tetrahydro- 
carbazole and A^-cpdopentene-l-carbosylic add (vUt). It has 
previously been observed that l-anilinoq?dt^penta^4-carboxylic 
add, on heating, yields the lactone of I-l'-hydro3^Q||||^(ipentane-l'- 
oarboxylylanilinocye^pentane-I-carbaxyUo add (Pla^ and Pacer, 
loo. eU.}; but I-anilinocydobex^-l-carboxylio add bdiav^ 
difieren% on heatipg ah»E^t giying aniline and A^-q^hexene-1- 
cazboxjdhi add, and ^im^ipyisptroe^dohexane results on fusion 
w^ P^taaalqm %droxlde (iBdts, Muspratt, and Plant, J., 1927, 
1810). lt{^-TeizahydrocacbazyI)cydopentane-l-carboxyIic add, on 
heating, behaveti like 1-aniIinocycidiexane-l-earboxyUe add, , but 
lactone f<»mation is here impossible in the absence d ffid unsnb- 
stituted >htH group. 

Ti^ iBwxpected course of some of the above reactions suggested an 
inveetigatian of sinular reactions with UtraAydrqpeniisdole (Vlil). 



Ilus base, which has been obtained by the dectnifyrie redndion of 
djhydiopentiiMloie, theoredcally ought to exist in eis~ and iKms- 
modiSeations, to toe two fonns of heoatoydrooarbaaole 

^We Gurney, Pnkm, and Plant, Zoc. di.) ; toe inHur-configuratimi, 
faownvefT, is very higbly strained and its fomation in apparecishle 
qnanlato dmrmg the xeductioa of dihydropentindole Is not to be 
eo^eotoiiU Thhi pcmit has heim investigated, and the reduotion 
ptodnd has been shown to oonsist essentially of a single substanee, 
fsa^onHedl^ toe ds-niodifieatian of totzahjdropentindole. It can 
he aeetyia^ and beozoyiated, and it is converted by the actum 
of nefli]^ iodids S-meS^/i^sIniigdmpentiMdoie, which yidds 
(toktat^eetoSe mMM Xie, m. p. 189°, that has been used for teog^ 
siring totnhydropeatindole. When dissolved with eydopeatan^iP 
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in glacial acetic acid and treated with potassium cyanide, tetrahydro- 
pentindole is converted into l-(8'-fefraA^dropcnfzndyl)-l.cyanooyclo- 
pewiane. By a reaction analogous to that observed with the cozre* 
spending hexahydrocarbazole derivative, this nitrile is hydrolysed 
on boiling with concentrated hydrochloric acid with the formation 
of tetrahydropentindole and cyctopentanone. In view of the ease 
with which these nitriles were hydrolysed it is interesting to point 
oat that Kotz and Merkel (J. pr. Ghem., 1926, 113, 76) observed 
that l-japeridyl-l-cyanoc^ctohexane was hydrolysed in a similar 
way, on boiling with aqueous-alcoholic potassium hydroxide. By 
allowing the solution of l-(8'-tetrahydropentmdyI)-l-cyanoc^o- 
pentane in concentrated sulphuric acid to remain for two da 3 rs, 
l-{B'-Mra%{^dn)pe?^i7^yZ)cyolope7^ne-l-Gar6oa:yai7iide is produced. 
This amide decomposed with the fmmation of tetrahydropentindole 
when heated with solid potassium hydroxide. Many amides of 
this type seem to be hydrolysed to the corresponding acids only 
with difficulty, if at all (compare, e.gr., Kotz and Merkel, loc. cU . ; 
Betts, Mnspratt, and Plant, loc. cit ; Oakeshott and Plant, J., 1927, 
492), and this fact, together with the alternative reactions outlined 
above, can account for the inability to prepare the acids from the 
amides described in the present work. 

Expebihextal. 

l-(9'-irea«»Ayd»*o(M5r6azyi)-l-cyanoeyclopentone (V) soon began to 
separate when hexahydrocarbazole (21 g.), dissolved in a mixture of 
^adal acetic acid (210 c.o.) and cjfdSeTpeItttanone (17-5 c.o.), wbs 
treated gradually with a solution Of pota^uM C3rsiiide (14 g.) ih 
vak^ (SO O.C.); after soTeral Itoxnrs, the mixteare dilstod tritt 
waiter, and the larodUctooUeoted. BcrTStellised from dilate alofAol 
in colourless prisms, m. p. 76® (Found : IT, 10-6. C,sH2aN'2 requires 
N, 10-6%). 

A solntitm of this nitrile in an excess of concentrated h;fdFoohIetio 
acid was boiled under reflux for 3 hours and then dMOkd in steam 
for a E^ort time. From the diatiflate, saturated with sodium 
chlcnide, ether extracted c^elcpentanone, b. p. 129 — 130®, whieh 
was identffied by eanvertai^ its phenyfltydzwzfme into dihytfro- 
pes^nloSe (Perkin and Plant, J., 123, 3242), m. p. and mixed 

m. p. lOS®. Ihe aqueous seflutHm remaining idtar the steam dis- 
tflia^km exmtained hexahydrocarbazole in good yield. l!he same 
reaction took plaee whem the nitrile was iKdted um^ reflux 
tenas wi& aloohet'shtdrated with hydlse^en chiezide. 

nitifie (Y) m ptm4eirirated sulphuzifi aesd was kept 

poai^‘on’ ioe, «itd' 'krtiair 'Idkalhie’ 'w^ eoneen&slbd 
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ammonia. The solid product was ground 'witih dilute aqueous 
ammonia to decompose any sulphate which might have been 
I«eeent, srad then crystallised from alcohol, from which l-(9'-heau- 
&^rocaffNisyl}cycla|)e}Uane-l-carhozyaRitde was obtained in colour- 
less plates, m. p. 160° (Found : N, 9-9. require N, 

9-9%). This amide was not changed by l^il^ its solution in 
aqueous-alooholic potassium hydroxide for 4 hours, or by heating 
it with 40% aqueous sulphuric acid. When its sdlution in 
concentrated hj^ochlcuic acid was bcdled under reflux for several 
hours, a consid»able amount of hexahydrocarbazole was produced, 
which was removed from the solution, evapcuated to smedl bulk 
mid made alkaline with sodium hydroxide, by distillation in steam. 
When the amide was heated with powdered potassium hydroxide 
at 180 — in a copper tube fltt^ with a reflux air condenser, 
for 15 minutes, a considmable quantity of hexahydrocarbazole was 
produced. This was isolated by treating the cookd mixture with 
warm water and crystallising the precipitated seditf from alcohol. 
The action of heat alone at 180 — 3)0° had no appreciable ^ect on 
the amide. 

l~{9'~Tdrakffdroear6agjfi'^j<iopenio$i6-l-carboxylw Add (VI). — 
'l%e Bitaroecwsoine of i-axiiliimejfejopentane-l-earboxylio acid (40 g., 
propared as described by Bant and Facer, he. eit.) was dissolved in a 
mixture cf glacial aoetio acM (S^ ex.) and w^ (940 o.c.), to 
whkih ^qfdebexBxooB (56 c.c.) was added. Witii vigoBous siining, 
tile mixture was warmed to 50°, mid zinc dust (96 g.) was then 
gradually introduced, the temperature being rais^ slowly to 85°. 
The filtered solution was poured into iT-suiphuric add. When 
the solid product (yield, 25%) was crystallised fcom tolimne, l-(9'- 
idrai}fdrwxKia!^)cyolopenhne-l-carboxjdic add sqiarated in odour- 
less ptkras, m. p. 184° (Found : N, 6-0. CigH-iOsN requires N, 
4-9%). 

Whmi a sdution of tiiis acid (3 g.) in 60% aqueous sulphuric add 
(180 O.C.) was left on the wator-bath, orystais of A^-epcbqientene-l- 
wbox;^ ae^ (m. p. and mixed m. p. 118°) gradnafly sublimed 
into ike neck d flask ; dilation of the residiial sdution with water 

ptedpitated tetrahydrocarbaade. When a sdution of l.(9'-tetra- 
]^fdroearba^l)q|felapmitane-l-oarfaox 3 dic add in odd concentrated 
Bdphane add was Idt fmr aevwal hours and then poured on ice, 
titeicUwasreeoveteduQohanged. The add resisted attempts to 
rednoe it to tiw ooReqpoodii^ hexahydrocarbazole derivative by 
deotidytio redaotion alkaline acdatioxi, by sodimn 
dkahne sohitian, and by ^ Itod akohdic hydrocblodc add. 

b*(®**'®P^^*'hFd<wpiUM>yl)iyBl<^peintane-l-carboaylic ac^ was 
mixed with an excess of powdered potassium hydroxide and 
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in a copper tube fitted with a reflux air condenser, at 320 — 340° for 
I hour. After cooling, the mixture was warmed with an excess of 
water. The insoluble portion, after crystallisation from aqueous 
alcohol, melted at 112° and was shown to be tetrahydrocarbazole 
by a mixed m. p. determination. The alkaline aqueous liquid, after 
filtering, was evaporated to a small volume, and acidified with con- 
centrated hydrochloric acid, the mixture being kept cold. The 
solid which separated was cr37stallised from aqueous , alcohol, 
d^-cycZopentene>l-carboxylic acid being obtained in colourless 
plates, m. p. 119° (Found: C, 64*1; H, 7-3. Calc.: C, 64-3; H, 
7*1%). There is no doubt that this is identical with the A^-cycfo- 
pentene-l-carboxylic acid described by Haworth and Perkin (J., 
1894, 65, 101). A similar decomposition occurred on distilling 
l-(9' tetrahydrocarbazyl)cycZopentane-l-carboxylic acid alone from 
a small distillation fla^. The solid which collected in the side-tube 
yielded tetrahydrocarbazole (m. p. and mixed m. p. 114°) on treat- 
ment with dilute aqueous sodium hydroxide and filtration, and the 
alkaline filtrate, on evaporation to small bulk and acidification 
with concentrated hydrochloric acid, yielded A^-c^cZopentene-l- 
carboxylie acid (m. p. and mixed m. p. 120°). 

(VIII). — ^Dihydropentindole (5 g.) (Perkin 
and Plant, loc, ciL) was dissolved in sulphuric acid (140 c.c. of 60%) 
and submitted to electrol 3 rtic reduction at room temperature during 
16 hours in the cathode compartment of an electrolytic cell, lead 
electrodes and a current of 5 amps. (0-03 amp. per sq. cm. of cathode) 
bemg used. From the elution, made alkaline with concentrated 
aqueous ammonia, ether extracted t^ahydropefniinddef b. p. 
162°/16 mm. (Found : C, 82-9; H, 8-3. requires C, 83-0; 

H, 8-2%). The tetrahydropentindole used in the present work 
was liquid, but a specimen was made to solidify and was found to 
melt at 21°. 

A solution of tetrahydropentindole (3g.) in hot acetic anhydride (30 
0 . 0 .) was boiled for 20 minutes, cooled, and shaken with water ; the 8- 
cus^Ueirahydropeniindole obtained crystallised from alcoholin colour- 
less pristos, m. p. 78° (Found : N, 6-9. Cj^igON requires 7-0%). 
On shaking tetrahydropentindole (5 g.) with benzoyl chloride (5-5 g.) 

an exc^ of dilute aqueous sodium hydroxide, S-b€im>yUetm- 
hifdropentindole separated as an oil, which gradually solidified ; it 
mystallised from rfoohol in colourless prisms, m. p. 86° (Found : 
N, 6-2. requires 6-3%). When tetrahydropentindole 

(1*8 g.) and picric acid (2-5 g.) were mixed in hot toluene, the jpicm# 
separa^ ; it cjystallis^ from alcohol in ydlow pians, m, p. 1^. 

8- Jf — ^An alcoholic solution of tetrahy^^i 
pentindole (40 g.) asMl meth^ iodide (45 g.) waa boiled undeflSlim 
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for 24 hoots, as much alcohol as possible was distilled off, and the 
residoe was treated wi& ao excess of dilute aqueous sodium oat- 
Ixmate and extracted with ether. After the extract had been dried 
over potassium cartx>nate and the solvent removed, the residual 
oil was boiled with on excess of acetic anhydride under reflux for 
an hour in order to aoetjlate any unchanged tetrahydropentindole. 
Ihe coded sdution was shaken with tm excess of water, ooncentrated 
hydroohloric acid (50 c.o.) added after 12 hours, the S-acetyltetra- 
hydrcpeniindole removed by shaking twice with ether, and the 
aqueous solution made alkaline with sodium hydroxide and extracted 
with ether, which removed 8-4ne&i^i«irtthifdmpentindoie, b. p. 136 — 
W/IS mm. (Found : N, 7-8. CuHijN requires N, 8-1%). Bium 
a solution of this (2 g.) and picrio aoid (2-6 g.) in hot alcdiol, the 
pieraie separated in yellowish-green plates, m. p. l]6^ on cooling. 
When S-methyltetrahydropentindde or tetrahydropentindole was 
warmed in alcohol with an excess of methyl iodide the mOkiodide 
of S-methyltetrahydropentindde slowfy separated in edourless 
prisms, m. p. 189** (Found : 1, 40*2. Gx^iJSm requires 1, 40'3%). 

l-(8'-7riroAydrofMg* tbdyI) -I-<ywiocyciopewia«te . — A sduticm of 
tetrahydropentindde (S? g.) mid i^fdopmUasooe (25 e.e.) in facial 
a o ot a o udd-waa tireah^ wi& a concentrated aqueous solution of 
potaanmn oyttaids (27 g.). After several hours, the sdutkm was 
poured iifteiaiea»ee8d water and the oily jKOduct, which sdidifled 
when rubbed, was recrystallised from akdiol, l-l8’~tetrakydro- 
pmikiij^l-ojfmteeyfiopenta beir^ obtained in colourless pisms, 
m. p. 51* (Found : N, 11'4. C^fH^oNg requirre If, 11*1 %). Whsm 
tiiis nitrite (1 g.) was mixed with picric acid (M g.} in hot alcohol, 
and the sdution was left, the -pieraie separated fpndtiilfy in yellow 
prisms, m. p. 126^ 

A eolutioD of l-(8*-tetrafaydropcmtindyi)-l-e3raaiOiqa!fe p tel NM^ 
cemeaatrated hydrochlorio add was bdted under reflux fesr 3 hdlibi ' 
and then submitted to steam distiBatioA. Fnmt the distQlate, 
etiierextraetedeyelopentaiKme (ideotiSed by oonvecdoninto dihydro- 
peetindele as before}. The acid sdution, after heirg made alkaline 
with Sodium hydroidds, was again submitted to steam disiiliation ; 
tiie tetzahydri^peiitladale isdided ftom the distillate by means of 
ether was identffied by cemvesmon into S-methyltetrahydropentin- 
dbtemetitfodide. 

l-ffl'-F< iri Al j (d tojwttiw^ )(i ) cydopeitlBne-l-oafi&ca^OTt(fe.---ABdntiori 
of l<|l^-leiral^fdri^eiitiii^)-l-<^fanocyd(q)entane in concentrated 
aefei Me after 2 ^ys poured on ice, and made dkdine 
witti MiieieilretBd 'a qimo ua mnmonia while bemg kept cod. The 
ptodaiet, aHat heh^ ground with dilnte aqueous amraoaua, was 
rrynllBTIifiri<f from aloohd, h(8'-fe/rahffdrqpeniiiidjfi)eydopentme-l~ 
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cafioxyamiie sepMaiang in colourless prisms, m. p. 130° (Found : N, 
10-3. Oi7H2a01T2 requires N, 10*4%). 

A mixture of this amide with powdered potassium hydroxide was 
heated at 280 — 315° for J hour, and, after cooling, was treated 
with water and submitted to steam distillation. SVom the distillate, 
ether extracted tetrahydropentindole (identified by oonverting it 
into 8-methyltetrahydropentindole methiodide). No tetrahydro- 
pentinddie could be detected when this andde was heated alone at 
280—316° for J hour. Attempts to hydrolyse the amide to the 
corresponding acid by boiling its solution in concentrated hydro- 
ohlorio acid or in aqueous sulphuric acid were not successful. 

The Dysoit Pebbuts Labobaxosv, 

OxFOBD. [Beceived, April 1928.] 


CCL . — The Mohcvlar Gonfyurationa of PolymuHmr 
Aromaiic Compounds. Part VIL 5 : 5>’-Di(Moro- 
diphmylS : Z'-dicarioocylic Acid. 

By Fbod Bbidoxs MoAustbb and Jaiois EmNsn. 

Fob reasons which have been fully set out elsewhere (Kenner, 
Chem. and Ind., 1927, 4B, 218), it was of importance to synthesise 
and examine a diphenyldicarboxylic acid isomeric with one of the 
6 : 6'-diphenic acids, of which the sj^ymmetry has been demonstrated 
(J., 1922,121, 614; 1923, 123, 779, 1948; 1926, 470, 671), and 
canying its substituents in ibe S~, 3'-, 5-, and 5'-positions, 

5 : 5'-X)initiodiphenyl-3 : 3'-dicaii^xylic acid having been found to 
be inaccessible by the usual meting of tfyntiieeis, aiteatimi was 
directed to the CQrrespondh^dihal<^;iefnated adds. In this direotitm 
tlM fadlity witii which 3-bromo-6-niiro-p-toluidine is available 
(Neville and Winther, Ber., 1880, 13, 968} suggested 5 : S'-dihnmtQ. 
diphenyi-3 : S'-dicarbos^lio acid as the most suitable objective. 
However, bromine as well as iodine was efiminated when eitiiOT 
■■broma~5-iodotolviene or S^omo-S-todohensoote was heated 

trith eoi^er powder, so that no definite dfiphenyl derivative could be 
sjnthesiBed from either cd them. 

Finally, titradore, the more laborious {Reparation of 3<eh2oro- 
&-iodekiueM and of meOtyl B-ddoro-S-iodobemoate was undertaheo, 
and frmn eaeh of these oompounds the desired d^iheayl derivative 
was obtaiimd. Even fo the latter case, however, the 5 : 5'Ai^ 

eUmd^kati/l-B t S’-dicei^es^fitde (X) underwent deotnnpositimii fg 
that the compound could, only be obtained in pQ(w yidds 
oarefuJIy r^ulated ffluyiafous, and, although, Qn the othof ¥^£1 
6 : S'-didhro-S : Z’Aifdyl (U) was read% 



1914 Mn*rjarait ioero EBHHBB : moLmcLAR (XfKwuivnATima 

of iK> viJne its the present ptopose since it ootild not be readily 
oxidised to the corresponding dioarboxylic acid. 


a ca a a 



The brucine, quinine, and add marline salts of 5 : S'-dichibro- 
diq3ienyl-Z : Z'-dkarboxylic add were each fotind to be nnifonn, and 
the solntions of ammonium 6 : S'-diohlorodiphenyl-S : 3'-dioarboxyl- 
ate prepared from them were in each case cptically inactive. It 
would therefore appear that the acid has not the asymmetry of 
its 2 : 2'-6 : 6'-stroctaral isomeride. 

Expebimbntal. 

S-Iodo-Z-nilrobemoie Add. (Experiments carried out by E. Allsop 
in the University of Sheffield.)— The usual prooedne ier the replace- 
ment of the amino-group by iodine yielded unnutinlaBtoty results in 
this instance, but excellent yields were obtained intheldDowing way. 
An intimate mixture of 5-nitro-3-aminobenzoic add (5 g.) with 
potasdum metabisnl]^iite (3 g.) was sloidy added to fuming nitric 
add (12 cjq.) below —2°. AfW 2 hours, the solution was diluted 
wiUi ioe (60 g.) and then gradually treated with a solution of 
potasdum iodide (8 g.) and iodine (4 g.) in water (8 o.c.}. After 
12 hours, the mixture was heated on the steam-bath, and the excess 
of iodine destroyed by addition of sodinm bisulphite. By 
mystaOiaation hmm light petroleum, the add was obtained in long 
prams, m. p. 166 — 167° (Found : N, 4'8. 0^0^^ requires 
N", 4‘8%). The ettyi ester consisted of Itmg j^isms, m. p. 59 — 60° 
(Found; N, 44. C^gOjNI i^uiiea N, 44%). Bepeated 
attmnpie to prepare a diphenyl derivatiTe froan tireester in the usual 
manner were unBucoeadnL . 

S-Bromo-S-iodoioluene . — ^When a boIuIuhi of potaadnm iodide 
(24 g.) in water (40 c.c.) was gradually added to a djamAnfam salt 
sr^tten ipepaied fnm S-hrmno-fli-tolnidiim (18 g.}, snlphnriQ acid 
(12 e.c.), water (126 c.o.}, wd sodinm niim|!i (jS g.), the violence of 
decomposition of tee resultsnt diaxonhim ktede was such as to 
project the material from tee c<mtaining vessel. In subsequent 
ptepaialioiiB, teis difficulty was overcome by eaxiying out the 
mixing of tim respective stAutions, and tee subsequent decomposi- 
tion, in small aliquot {Nraportems. S-Bnmo-5-ioddoluene boiled 
at lG6”yS0 lum. and at 23° (Found: X,* 141'6. OjHgBrI 

requires X, 1^4). 

* X daeotei wei^ at mixed silTer balides expressed as a percentage of 
tiie wei^ of material asalyaed. 
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Z-Br(mo-6-a^tamidobenzoic dcid^ prepared by the oxidation of 
S~br(mO€tceto-m’toluididey m, p. 171 — 172° (33*6 g.), mth a solution 
of potassium permanganate (72 g.) and hydrated magnesium 
sulphate (48 g.) in water (6000 c.c.), melted at 279 — ^281° (Found : 
N, 6-6. C^HgOg^r requires N, 5-4% ). 

B^Bromo-S-amiTwbenzoic acid was obtained in the form of its 
hydrochloride by boiling a solution of the acetyl derivative (5 g.) in 
concentrated hydrochloric acid (50 c.c.) for one hour and then 
evaporating it. The acid, liberated by means of sodium acetate, 
separated from dilute alcohol in colourless needles, m. p. 220 — ^222° 
after softening at 194° (Found : N, 6*5. C^HgOgNBr requires 
N, 6-5%). 

S^Bromo-S-iodobenzoic acid was prepared from the hydrochloride 
of 5-bromo-3-aminobenz6ic acid in the usual manner and melted at 
209 — ^211° (Found : X, 128*6. C 7 H 402 BrI requires X, 129*3). 
The methyl ester separated from benzene in small orange prisms, 
m. p. 59 — 61° (Found : X, 123*1. C8Hg02BrI requires X, 124*0). 

3-OAtoro-5-»0(io<oZwe^e, prepared with the precautions explained in 
the ease of the corresponding bromo-derivative, boiled at 138 — 140°/ 
26 mm. and melted at 0° (Found : X, 149*4. C^HgClI requires 
X, 149*5). 

6 : 5'-I>icfttorc-3 : %*-dUcdyl was readily prepared by gradually 
adding copper powder during | hour to an equ^ weight of 3-chloro- 
5-iodotoiuene at 250 — ^260°, finally raising the temperature to 290°, 
and then allowing the product to cool. After crystallisation from 
alcohol, it melted at 101 — 102° (Found : Cl, 27*8. Ci^Hi^Clg 
requires Q, 28*4%). Experiments on its oxidation with dilute nitric 
acid (Cohen and Dakin, J., 1901, 79, 1124) or neutral or alkaline 
permanganate led to no satisfactory r^ult. 

acid, m, p. 266 — ^267° (Found : 
N, 6-55; Jf, 213*9. C^gOsNa requires X, 6*6%; if, 214*5), 
and Z-iMoTo~6-amincbmzoic cxid hydrochloTide, m. p. 118 — 121° 
(Found : N, 6*65. C^H^OgNCHg requires N, 6*7%), were prepared 
in the manner adopted for the bromo-derivatives. In place, 
however, of the ordinary procedure, the following was a much more 
satisfactory method of preparing Z^-cMoro^b-iodcbemoic A 

finely ground mixture of S-chloro-S-aminobenzoic acid hydrochloride 
g.) with potassium metabisulphite (16*2 g.) was gradually added 
below 0° to nitric acid (78 c.c. ; d 1*6). After 4 hours, the mixture 
was poured on ice (240 g.) and gradually treated with a solution of 
iodine (22*2 g.) and potassium iodide (43*2 g.) in water (40 cko.). 
Tke acid crystallised from dilute alcohol in reddish-yellow imedles, 
m. p. 190—191° (Found : X, 133*5; Jf, 281, O^Rfi^CSI 
X, 134*2 ; Zf , ^2*4). Its methyl ester orystalli^ fsxm 
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aloohol in orange needles, m. p. 43 — 44® (Found : X, 127-0. 
OsHeOaQI lequires X, 127-9). 

6 : ^'’dvMorod^hmyhZ : 3'.dtcew6oa!yZflK8e was obljained when 
copper powder was gradually added to an e<)[ual wei^t oi methyl 
3-ohloro-6-iodobenzoate at 263 — 270®, and the mixture was then 
heated for 10 minutes at 270®. For the success of the preparation 
the copper powder must be added as quickly as possible consistent 
with the maintenance of the temperature within the limits indicated , 
since prolonged or ovw-heating causes decomposition. Even in the 
most favourable circumstances the yield could not be raised above 
25%. The ester separated from benzene in small cubical crystals, 
m. p. 156® (Pound : G, 21-6. CieHijOiGa requires G, 2lc2%). 

6 : S'-DkJilorodipJimyl-S : Z'-iimboxylic acid, prepared froto its 
ester by means of aqueous sodium hydroxide, was practically 
insoluble in the ordinary solvents and was sparingly soluble in 
glacial acetic acid. From this it or 3 rstallised in nodnjes, m. p. 
368 — 360® (Found : G, 23-2. O^HgOiGa requires G, 23-1%). 

The brucine salt crystallised from methyl alcohol in radiate 
clusters of small prisms, m. p. 17&-.-'179®, decomp. 191 — 193® 
(Found: ]ST,*5‘1. GebHeo^iaNiGa requires N, 6-1%). Fca: a 
0-78% solution in chloroform, [a]® — —6-2®. 

Tho yuinifte salt s^p^alnd-ihom metihybidoohal in tonali prisms, 

m« p. ,170rr-172®, deco»p. 174® (Foundi- Jfi ,5-8. ,{ 

They w«e ingclable/ta aj^timeyaWc^ 
eparinsJy soluble in methyl or ethyl alcohol. 
i^tH9*i6% sohitioa in absolute aloohoh (ecjn = — 132®. 

ijhe .acid nmphvae salt crystallised from methyl aleohol- in SKqall 
noduhs, m. p. 218—219®, deoomp. 228r-225® (Founds' -ISTv fSHki 
CgiEgvOfNGg requires X, 2-4%). The salt was ahnoii^ikpstMda 
in bennsne, cMorofoim, acetone, and ether, and sparin^y srdWble in 
ipethyl <M ethyl alcohol. For a 0-20%' solution in ethyl alcohol, 

! .Solutions of the ammonium salt were prepared 'from both the 
hroipe and the. awinine salt by shaking th«p.i(feith <ddoroform and 
di^iumoni%sc^tinu. but in the oase cf the aeid morphine salt 
4ilut4l»un<Hna.alone was empSoy^, of *he morphine being 

and the. last t^es ly means of chbro.. 
thesolutvmstehtained were optically inactive, 
salt was ^an cnl,-«¥SEily .sphible in methyl alcohol and 
t!it^f^*.SpaHDgly 1n.etlm»-fff ;hiWf>Be, The cinchonine salt was a 
, g^, niSjd%.8plublein.oj}lorofor»i, watOT, and methyl alcohol, hut 
^W: i®?aw^.floluhie in beD«sn#.pr.etber, and could not be obtained 

i s- 

iVXieE’0mvailiBJ!nF, -fismimr. 


[SeoeiiiBd, May im, 1928 .] 
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COLI . — The Apparent Hydration of Ions. Part J. 
The Densities and Viscosities of Saturated Solutions 
of Sodium and Potassium Chlorides in Hydro- 
chloric Acid. 

By John Whooam Ingham. 

A REVIEW of the detenomed values of the hydration numbers of 
strong eieotrol3rtes in aqueous solutions shows l^iat, whilst th«:e is 
a o^ain unanimity with respect to the alkali chlorides and their 
ions, there is considerable doubt as to the relative position of the 
hydrogen ion. 

Recent work by Sugden (J., 1926, 174), who studied the distribu'- 
tion of acetic acid between aqueous solutions of salts and amyl 
alcohol, and of Glasstone and his collaborators (J., 1925, 127, 
2660; 1926, 2935, 2939; 1927, 635), using the salting-out effect 
upon ethyl acetate and aniline, confirms much earlier work, to 
which these authors refer, in establishing the series Li*>Na’>K', 
although the two methods give numerically different results for 
the hydration numbers : 

LiCl. NaOl. KOI. 


Sugden 10-6 7-9 3-4 

Glasstone 27 24 , 22 


Sugd«tt finds the chlorine ion to be non-hydrated, so his values 
for the aaltst ai>a also those of the kations ; on the other hand, 
Glasstone 10 ifflP.CIfi ^ oQUWBE^pondipg katio^«values being 
Li* 17, Na* 14, KM2w- 3Eheie ’’ 
are for ions at infinite ' 'Sm»ll«e';T«||9^ 

higher concentrations. Sugd^ ohtainiMi renfionably constai^*¥alH^ 
over a range of oonoentration N—N/IO. ><. 

^Neither of these methods is suitable for comparative determine 
ation with hydrochloric acid, the relative position of TVfeioh has 
been feSind by other methods (for references, see General IHscuesion 
upon the Theory of Strong Electrolytes, Trans. Faraday Soc., 1927, 
23). Remy {ibid., p. 381) deduces from mobilities the values 
H' 0*9, K* 4*1, Na’ 7*4, li' 12*6 for the “ water^sheaths of these 
ions, Gl' having the value 3 dependent upon Hie assumption that 
large npganio ions have no sheaths. Soatchaird {^id„ p. 454; 
J: Aimr. Ckm. Soc., 1926, 47, 2098 ; 1927, 49, 217), from calcul- 
ations of activities in water-alcohol solutions, concludes Hiat liHiium^ 
sodium, potassium, and chlorine ions ate not ‘ ‘ ohemieally hydi#||»f : 
but the hydrogen ion may, be present in the form 

we hydnttgnn ion has been used also by Eajaais^^ y^ '. 
Fardddy Soc., 1927, 357) hi dealing with tefr^tom|^p|p|ipg||^^ 
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ments upon hydrooWoric acid solutions. It is necessaiy to dis- 
tinguish between “ chemioal hydration ” and the more general 
attraction between ions and solvent (“solvation”), such as is 
assiuned to lead to the presence of aggregates of water molecules 
with ions as centres (compare Scatchard, he. eU.). » 

Bjerrum (jZ. anorgr. Chem., 1920 , 109, 276 ) calculated from heats 
of dilution that hydrochloric acid is associated with 8 molecules of 
water and that sodium and potassium chlorides are relatively non- 
Bolvated. It appears that some methods detect only chemical 
hydration and that others which indicate solvation as well have 
not yet been satisfactorily correlated. 

The extension to concentrated solutions by Hiickel {Phyaiial. Z., 
1926 , 26, 93 ) of. the original theory of complete dissociation of 
strong electrolytes (Debye and Hhokel, ibid., 1923 , 24, 186 ), and the 
work of Hamed (J. Amer. Chem. Soc., 1926 , 48, 326 ) upon thei 
activity of hydrochloric acid in concentrated solutions of lithium, 
sodium, and potassium chlorides, supporting the extended theory, 
have prepared the way for the examdnation of other properties of 
such solutions. The work now described is a contribution in this 
diroction. 

The solubilities of potassium and sodium chlorides in hydrochloric 
acid solutions of concentrations varying between the widest limits 
have been determined, together with the densities and viscosities 
of the solutions, all at 25 ®. Previous measurements of the solubil- 
ities of alkali chlorides in hydrochloric acid have been made at 0® 
by Bngel {Compt. rend., 1886 , 102, 113 , 619 ) and at 30 ® by Masson 
(J., 1911 , 99, 1132 ). Others, including Armstrong and Eyre {Proc. 
Boy. 8oc., 1907 , A, 79, 664 et seq.) and Gibson and Denison (Proc. 
Boy. Soe. Edin., 1911 , 30, 662 ), have studied in a more general way 
the precipitating action of the acid. A full review is given in the 
Beports of the British Association of 1910 and 1911 in the sections 
on Solubility. The viscosities do not appear to have been measured 
for such mixtures. 


Determinedion of ViscosUiea. 

The method adopted was that due to Scarpa {Qazzetla, 1910 , 40, 
271 ) with a viscometer (Kg. 1 ) similar to that used by Earrow 
(J., 1912 , 101, 347 ), The dimensions of the apparatus were : bul]^ 
6 C.C., capillary lexigidi 10 cin^ bore 04 mm. ; the lower end of the 
capillary stood 2 em, abovb the bottom of the outer cylindrical 
vessel, which was 3 em. in diameter. The rest of the apparatus 
(negati^'jStessure device and manometer) was like that of Earaow, 
except that a tiiree-Way stopcock was added in order to facilitate 
i^perations. 
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The visoometer was standardised with conductivity water at 
26® ± 0*02°, with a negative pressure of 300 mm. on the gauge, 
absolute alcohol being used as the gauge indicator liquid. The 
constant of the apparatus was thus determined, using the expression 
* = ’'iwlihhlih + < 2 )]wj ■>!»> coefficient of viscosity of water, being 
tah:en as 0'0891 (Thorpe and Eodger), and and being the times 
of flow upwards under the applied negative pressure 
and downwards by gravity, Bigorous precautions of 
cleanliness were taken throughout the whole of the 
experiments, and corrections were applied for vari- 
ations in temperature of the gauge liquid which 
stood outfflde the thermostat. The constant of the 
visoometer was independent of the amount of water 
used in the outer vessel to within 0-l%, and was 
reproducible with this accuracy at intervals during the 
subsequent measurements vdth the solutioixs. It was 
also shown that a layer of well-washed garnets placed 
below the end of the capillary tube, even to a depth 
of 1 cm., had no influence on the constant ; so that, 
in the case of solutions, any small layer of undis- 
solved solid would have no effect in this way. 

The apparatus was tested by determinations upon 
a sample of absolute alcohol {df 0-78711) and com- 
parisons were made with values found for the same 
liquid in (i) an ordinary Ostwald viscometer and (ii) an 
Ostwald constknt-pressure viscometer, in the same 
thermostat. The results were : 

7) (Scarpa) 0'01107 ; vj (Ostwald, i) 0-01108 j ij (Ostwald, ii) 0-01106. 

With a higher negative pressure of 400 mm. the Scarpa method 
gave a lower value, viz., 0-01098. It appeared that the Scarpa 
method, with a gauge pressure of 300 mm., would be accurate to 
0-1% compared with the Ostwald ordinary method, (The adjust- 
ments required in the Ostwald constant-pressure method are tedious, 
and it seems likely that the Scarpa methdd could conveniently 
replace it when a method not requiring density measxuements is 
required.) 

Recently, Bang and Partington {Tram. Faraday 8oe., 1927, 23, 
528), using the Scarpa method with a different design of tube, found 
difficulty in obtaining satisfactory agreement with the Ostwald 
method carried out in the same tube. For some of thmir ealt 
solutions values as much as 6% higher were calculated £rdii3t 
former, and for a sample of alcohol (dJT 0-78607) they gat#* l 

7) (Scarpa) 0-01066; nj (Ostwald) 0-01071. 


li-IO. 1. 
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Whilst no explanation of these disorepanoieB can be offered, they 
should not he taken as reflecting on the accuracy of the present 
TTork, the results of which afford a testimony to ihie usefulness of 
the method. 

For the determinationB upon the salt and acid mixtures, the acid 
solution of approximately known strength, pr^ared from a stock 
of specially (Stilled acid, was heated in a flask on a water-bath at 
50-^0° with a moderate excess of the pure salt, and the saturated 
solution was subsequently brought to equilibrium by shaking in 
the thermostat at 26° ± 0-02°. A quantity of 35 — 40 c.o. of 
solution, together with a little of the salt, was then quickly poured 
into the viscometer vessel, which was stoppered and had a glass 
stirrer. The final equilibrium was thus attained in the viscometer, 
and before the introduction of the capillary tube, slightly warmed, 
any suspended salt crystals were allowed to settle. Even with the 
strongest and densest solutions a perfectly dear aoluidcm was readily 
obtainable. The times of flow, measured to 0*2 sec., were usually 
constant after the first run, and only infrequently was any trouble 
experienced due to crystals finding tbeir way into the capillary. The 
visoosiiy was calculated from ^ X [iitzKti 4* y].. the appropriate 

value of h for the observed gauge temperature being used. 

Density deteminations wei® made by |*petting with a warmed 
pipette suffici^ liquid to fill a 26 c.o. density bottle which was 
suspended in the thermostat. The hottle had a ca|> over t^e 
sto|^^ and was calihrated with pure water. The ccmteatB of the 
bottle were suitably diluted, and the add was eatimated by titration 
and the total dbloride by weighing as silver chloride. 

l^etermiiiations of the viscosities were frequently made upon 
the liquid rernaining after the first withdrawal, with or without fresh 
additions, mstd the vakfe was found to bouaelteawd and independent 
cf the amount of liquid in the'ctc^ Vessel. Hre usual order of 
a^rebmdat was to ‘0*1%, and vazieilon never exceeded 0*3%. 

- All appOratos used in the aaralyees #as carefully calibrated and 
dapioaite det^ldiiitetkms were riade, the total ohlmide estimations 
leasffi tn The salts tested and proved to 

be pure. Acid sbhrtli^ of high odnoentration were obtained 
by ^nerating pure dry hydrogen chloride from the stock acid by a 
li^hod which was shown to give no contamination with sulphuric 
ami' ' 

are the resulfh for solutions containing potassium 

WB the absolute densities, = 0*99707— — 

; in col. 2 is vj, the coefficient of viscosity (in c.g.s. 
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unitB) ; cols. 3, 4, and 5 respectively give molar concentrations of 
acid, salt and total solute ; col. 6 the molar concentration of 'water 
(HgO — 18'016) ; col. 7 is the sum of cols. 6 and 6. 

Table n gives the data for solutions saturated -with sodium 
chloride ; and at the end are given the comparative values for pure 
water and for one solution of pure acid -with no salt. 


Table I. 






Total 


Total 



HCL 

KOI. 

solute. 

H^O. 

solution* 

M781 

0*009710 

— 

4-199 

4-199 

48-00 

52-20 

M671 

0-009918 

0-464 

3-748 

4-212 

48-32 

62-63 

him 

0-01020 

0-990 

3-28$ 

4-278 

48-66 

52-84 

1-1467 

0-01044 

1-492 

2-887 

4-379 

48-67 

63-06 

M419 

0-01063 

1-833 

2-604 

4-436 

48*90 

63-34 

M272 

0-01109 

2-743 

1-961 

4-694 

48-96 

63-64 

M191 

0-01165 

3-670 

1-449 

6*020 

48-90 

63-92 

M169 

0-01178 

4-008 

1-227 

6-236 

48*81 

64-04 

M160 

0-01216 

4-666 

0-963 

6-608 

48-60 

64*11 

M169 

0-01279 

6-672 

0-607 

6-279 

48-01 

64-29 

M272 

0-01380 

7-144 

0-309 

7-463 

46-27 

63-72 

1-1423 

0-01619 

8-433 

0-267 

8-700 

45-22 

63-92 

M713 

0*01788 

10-68 

0-216 

10-89 

42-52 

63-41 

M866 

0-01943 

11-74 

0-20 

11-94 

41-22 

63-16 

1-1863 

0-01962 

11-81 

0-22 

12-03 

41-04 

63-06 

1-2000 

0-02121 

12-96 

0*24 

13-19 

39-46 

62-66 



Table II, 







Nad. , 





0-01779 

— 

6-4326 

6-4326 

48-86 

6f2S 

mm4: 

0-603 

4-880 

6-383 

49*03 

64*41 

.hmh 


0^86 

' 4^483 

6-869 

mm 

54-46 

1-1511 

0-01492 


3-149 

6-414 



M862 

MS19 

0-01419 

0-01406 

1-186' 

8H87 

2-310 

2-079 

6-406 

W-08 

mn 


M282 

0-01391 

3-830 

1-797 

6-627 

49-06 

’ .54-68 

M200 

0-01368 

4-600 

1-338 

6-834 

48-73 

64-66 

Mieo 

0-01363 

6-253 

0-907 

6-169 

48-38 

64-64^ 

iai58 

0-01367 

6-101 

0*644 

6-646 

47-83 

54-47 

M213 

0-01400 

7-073 

0-293 

7-366 

46-98 

64-36 

M302 

0-01463 

7-976 

0-168 

8*134 

46-08 

54-21 

M458 

0-01682 

9-236 

0-091 

9-327 

44-62 

63-96 

M970 

0-02111 

13-41 

0-017 

13-43 

39-24 

62-67 

0-99707 

0-00891 


— 

— 

66*36 

66-36 

1-1203 

0-01402 

7-673 


7*673 

46-66 

64-33 


Discussion of BesvMs. 


Volwm SdctMons . — ^The changes which tahe |daoe 
when add replaces salt in the solutions can be es^^ssed in‘ terms 
of 'tile mdeoidar a^id ionic solution volomes of 'we oOnstitdSXtti’.' 


In 'View of tiie ordet of ionie ^tes as deduced from t 
ntelHiaeiawts by WasaStJema (j6^oc. 8ci. Fern. Oonm. 

tt«s^"iri(ilfi^ species to be ocnsideitisd’ ^ 
series H’<NsS''i£K*<HgQ<:HCl<lfa01<KCll, and,^ 
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ion may be assumed to hare negligible volume, or, if combined in 
tibe form HgO*, it may provisionally be put equal to 0" or to 
HjO. 

The first addition of acid to the saturated sodium chloride solution 
results in a slight decrease in the total chloride (Table II, col. 5), 
accompanied by a small increase in water concentration and in the 
total number of molecules per litre (cols. 6 and 7). Bather more 
than an equivalent of salt is precipitated and hence there is more 
room for water to enter. 

With further additions of acid the total solute concentration 
rises and, as the main factor infiuenciag the volume effects is the 
chlorine ion (or radical), the amount of water which can reniain 
begins to fall. The increase in chlorine-ion concentration more 
than balances the effect due to the decrease in sodium-ion con- 
centration. 

The volume effects are accompanied by mass changes refieoted 
in the densities and this value falls at first, reaches a minimum, and 
then rises when the mass influence of the increasmg chlorine-ion 
concentration preponderates. 

The case for the potassium chloride mixtures is slightly different, 
and there is no lowering of the total solute content on the first 
addition of acid to the saturated solution of the pure salt. The 
removal of the larger potassium ions (compared with sodium ions), 
more nearly equal in size to water molecules, allows more room for 
chlorine accompanying hydrogen. The total solute concentration 
and the total number of molecules per litre both mcrease, and this 
continues until most of the potassium has been removed. Th^, 
first the water concentration, and subsequently the total number 
of molecules, diminish as with the sodimn chloride solutions, The 
mass effects again show in the densities, but the minimum occurs 
at a lower salt concentration. It cab be seen that potassium 
chloride is not completely precipitated, and at the end of the series 
in scdutions of high acid concentration it is still appreciably soluble, 
there being actually a slight increase in solubility. 

The solubility effects thus appear to be dependent to a large 
degree upon the volumes in these series of mixed solutions of high 
coneentraMon. 

The above eqiisideea^kms can be extended in a quantitative way. 
{he. used an ^p;ession of the form i = K hjCt, -{■ hj) 
the densities with the molar concentrations of acid (a) 

. u^salt (h), Kt and k^ being constants. The constants k.^ and 
fcjj rej^esent terms such as (if — oed,)/1000, where if is the mole- 
oi;ilaar.:weaght of the acid or salt, « the molar solution volume, and 



XHE AfFABBNT H7BSATI0N OS' IONS. FAST I. 1923 

the density of the solvent in solution. The equation may be 
rewritten : 


1000((^' - dj) = a{M, - odJi + b{Mi - M,r). 

This gives the difference in mass of one litre of solution and the 
same volume of water of the same apparent density as that in the 
solution. Thence also : 

d^ = d^+ (a/1000)(ilf. - ad,) + (6/1000)(ilf, - pd,). 

Masson’s conclusion, that the molecular solution volumes of 
water, salt, and acid remain constant over considerable ranges, is 
borne out. 

Instead of the above formula, there may be substituted for it a 
similar expression in which the ionic solution volumes are used 
instead of the molecular values of the acid and salt. This reads 

d^' = K + O-OOlo + + V- 

K is the same as before, and since the ionic volume of the hydrogen 
ion is very small and its mass is approximately unity, ki has become 
0*001, a, b, and c being the concentrations of hydrogen (ion), sodium 
(ion), and chlorine (ion) respectively. The data have been tested 
and constants deduced for this formula. The constants were first 
determined for the sodium chloride series, and it was then found 
that only Je^' had to be changed in order to obtain agreement with 
the data for potassium chloride. Having determined h^' for each 
salt, the constants for the simpler formula of Masson could be 
obtained by direct suinmation, since for this equation 

= 0*001 -f- ^3 for the acid (H* + Cl')» 
jfca = lig' 4- for the salt (Na’ + d'). 

The two formulse give, of course, practically identical results when 
tested on the same data, and hold good for each series as far as the 
point of minimum density. Tables III and IV give the results of 
these calculations, the appropriate values of the constants bemg 
included. 


Table m. (NaCl.) 

(i) d?' = 1*01276 + O-OOla + 0*02146 + 0*0l276c. 

(ii) = 1*01276 + 0*01376a ■+■ 0*034166. 


a. 

(obs.). 

df (oalc.). 

a. 

df* (obs.). 

^ (calc.). 

0 

M981 

1*1982 

3*830 

1*1282 

1*1268 

0^603 

M867 

1*1866 

4-600 

1*1200 

M201 

0*886 

M781 

1*1780 

6*253 

1*1160 

him 

2*266 

1*1511 

1*1514 

6*101 

1*1158 

M152 

3*185 

1-1352 

1*1364 

7*073 

M213 

1*1200 

3*487 

1*1319 

1*1317 

7*976 

M302 

H277/d 
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Table IV. (KQ.) 


(i) df « 1-01276 + O-OOla + 0-02676 + 0-01276c. 

(ii) = 1-01276 + 0-01S76a + 0-039466. 


a. 

d?’ (obs,)* 

d®’ (oalo,)* 

a. 

df* (obs.). 

d®* (calc). 

0 

1*1779 

1*1783 

3*570 

1*1191 

1*1190 

0*464 

M671 

M670 

4*008 

M169 

1*1163 

0*990 

1-1564 

1*1661 

4*666 

M160 

1-Jil49 

1*492 

1*1467 

1*1471 

5*672 

1*1169 

1*1147 

1*832 

1*14X9 

1*1408 

7*144 

1*1272 

1*1232 

2*743 

1*1272 

1*1274 





It appear B that if the ionio solutioa voluoaes of the ooastitueixts 
remEun constant in the mistiires for which the caloulaticps hold 
good, then the molecnlac volnnae of the water also is constai^and 
the apparent density of the water is d* =* 1-01276. From this 
value, the ionic and molecular solution volumes can he obtained, 
these being presented in the following table, together with values 
calculated from the ionic lattice radii of Wasastjema {he. eit.) on 
the assumption that the ionic volumes bear the same relation to 
the solution volumes as does the volume of the bivalent oxygen 
atom 0" (ion) to the water molecule HgO,. taken as 18. The 
molecular volumes cS. the acid and salts are taken as the sums of 
tibelonio volumesv the hydrogen ion being assumed to have negligible 
volume. 

Na-. K-. 01'. H;,0. hoi. NaOl. Ka 

From data 1-68 12-26 22-43 17-795 22-48 24-00 34-66 

Frmt lattice radii ... 8-06 17-60 39-83 18-000 39-88 47-89 67-48 

The further removed in size the ion is from the water molecule, 
the smaller is its apparent solution volume compared with that 
calculated from lattice radii (compare Hartley and Baikes, Tr<ms. 
Faradaif 8oc., 1927, 23, 393). The values for the add and salts 
are roughly half those so derived. 

tihe. constancy of the apparent density of the water in the solutions 
over the ranges indicated is connected with the oonstanoy of Ihe 
uadar concentration of water over these regions, and when the 
acid concentration rises further, the calculated densities become 
increasingly lower than the observed values. If the molar or ionic 
volumes of add and salt, still remain constant, an increase in the 
apparent density of the water must be assumed. 

Thus, to account for the density of the solution for which 
a t= 7-976 and ^ ^ in Table H, the value of K would have 
to be-shhut l-Oiy^^and 0-0137 and 0-0341, respeotivdy, 

would be possible to express the 
■a£L |^ Idutiohs of higher add streogth in a similar 
' wiigfiraSiie ciiaMiiaa in the apparent density of water can also be 
followed in soluMom of pure hydrochloric acid, and for this purpose 
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the data of Green (J., 1908, 93, 2023) and Ellis {J. Amer. Ghem. 
Soc., 1916, 38, 760) have been examined. Calonlatioiis based on 
== 1*01276 + 0*01376a give fair agreement for those regions of 
aoid concentration comparable with the total solute concentrations 
in the acid-salt mixtures for which the same formula holds, thus 
indicating that the molecular volumes of water and add are the 
same, or nearly so, as in the mixed solutions. There is, however, 
undoubtedly, a continuous change in the water value as the acid 
concentration rises from sero. 

Fio. 2. 



Viscosities , — ^From Tables I and 11, it is seen that for the solutions 
containing potassium ciiloii(^e the visbositieS increase throujghoiit 
with increasing acid concentraticm, that the case for the soln- 
tions containing sodium chloride is essentially diSerent, there being 
a pronounced miniTnum. In Fig. 2 are plotted the coefficients of 
viscosity as abscissae against add concentration as ordinates. For 
comparison the curves for the data of Green {loe, dt.) at 24*9° and 
of B^ell (J., l^, 168) at 20° for aqueous solntkms of hydrochlotfo’ 
acid done are also drawn. The portions of the curved 
re^n# of hi^add concentration aSned excellent eviden4^^#i^ 

acdidiw d I3ie method ‘tn^. The outstam 
^ L XI.* '-.JL; 


curves' in the 


add 
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first, the parabolic form for the sodium chloride mixtures, md, 
secondly, the quite different form, similar to that for pure acid 
solutions, for the potassium chloride mixtures. As shown by 
Table V, the data for the sodium chloride solutions can be fairly 
accurately represented by the expression 6700(7) — t)^) =; ((7 — 
where is the minimum viscosity, and (7^ the acid concentration 
of the corresponding solution, 73 and G being the values for other 
solutions between C7 = 0 and 0 = 10. Above the latter concen- 
tration scarcely any salt is present and the curve is almost linear. 


Fxo. 3. 



The interpretation of this relationship is not yet clear and in the 
iqeantime another metjhpd of approach has been considered. 


Table V. 

8700 = (0 - Cm)®; 7m = 0-01363; Cm = 5-300. 


c. 

7 (obs.) 

X 10*. 

'n (calc.). 

X 10®. 

C. 

7 (obs.) 

X 10®. 

7 (calc.) 
X 10*. 


1770 

1772 

4-600 

1358 

1363 

0-503 

1694 

1696 

5-253 

1363 

1353 

0-886 

1641 

1644 

6-101 

1367 

1363 

2-285 

1492 

1490 

7-073 

1400 

1400 

3-186 

1419 

1420 

7-976 

1463 

1460 

3-487 

1406 

1403 

9-236 

1583 

1584 

3-830 

. 1391 

1385 

13-41 

2111 

3336 
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In Fig. 3, the viscosities are plotted against total solute, the curve 
for Green’s data again being included. It is now seen that the curve 
for potassium chloride mixtures lies to the left of that for the pure 
acid (except at very high concentrations), whilst that for sodium 
chloride mixtures lies to the right, and solutions of equal chlorine 
(ion) concentration have in the one case lower and in the other 
case higher viscosities than for the pure acid solutions. The curves 
merge at concentrations of about S-7N and above this point those 
for pure acid and for sodium chloride mixtures are indistinguishable, 
the concentration of salt being very low ; the curve for potassium 
chloride mixtures in this region diverges from the others, having 
crossed the pure acid curve at the above point. 

Dealing first with the case for the sodium chloride mixtures, for 
which the volume relations are simpler (since the total number of 
molecules, water concentration, and chlorine-ion concentration do 
not vary so much as in the potassium chloride solutions during the 
replacement of the major portion of the salt by the acid), there 
has to be explained a large relative fall in viscosity caused by the 
substitution almost equivalent by equivalent of hydrogen for 
sodium. The changes are roughly proportional to the fractions of 
salt precipitated, almost as far as the point of minimum viscosity. 
The conclusion that the sodium ions are present in the form of 
particles of relatively large ejffective size and that they are solvated 
to a higher degree than the hydrogen ions seems very reasonable. 

To obtain an idea of the magnitude of the solvated sodium ions 
(Na^jOfiaO)? '^Idch would quantitatively account for the effects 
found, the following procedure may be considered. 

The formula = yii(l + 2‘5^) can be apj^ed to caloidate the 
changes of viscosity for hydrochloric acid solutions of from 8-6 to 
6N, 7)i and Yjg being the viscosities for two different concentrations 
Cl and ^ is a term 0*02243(c2 — c^), and is therefore the volume 
of chlorine ions added to 1 c.c. of solution and replacing a volume 
of water. The volume 22*43 for 01' is that already deduced from 
the density data of these solutions and the mixed solutions. The 
formula, which is a modification of that of Einstein {Ann. Physih^ 
1906, 19 , 289), gives good agreement when tested on Green’s data. 
Better agreement is, however, obtained by using the formula 
Tjg — Tjj = i(^i + ’Ja) X 2*6^, which expresses the variations about 
the mean viscosity value in terms of the volumes of ions added or 
removed, any specific effect of the hydrogen ions being for the 
present neglected. The formula may now be used to calc^tfllite 
approximately the volume of the sodium ions in a saturated solution 
of scKiium chloride, by comparing this solution with a solutioh:^<3# 
hydroohlorib aseid of eijual chlorine (ion) concentrationi 'it 
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assumed iliat the hydrated sodium ions have, like the ohloiine 
ions, an effect pr<^itionsl to their volume, l^e resulting oaloul- 
ataon made from the figures 

c = 543; 7)(l^aC!l) = 0-01779 ; i)(B[01) = 0-01226, from graph 

gives for the 6-43 g.-ions of sodium in the litre a volume of 147-2 o.o. 
Henoe the volume a£ (Na*,a!H20) is 27-1 o.o. If the value 1-68 
found for the Na* ion alone be subtracted, the volume 25-54 o.c. is 
obtained fcnr the water accompanying 1 g.don of sodium, and the 
hydration number is 1-44, using d, = 1-01275. > < 

In a somewhat similar way the series of sodium chkedder-hydno- 
chloric acid solutions may be used to obtain the volumesr of the 
Na'jaHgO ions and the hydration numbers, the hydrogen ions 
being again supposed to have no volume effect. In Table VI are 
the results of calculations made from values taken from the graphs 
of the original data, changes of concentration of sodium chloride 
of 0'5N being taken as convenient. 


Table VI. 





Total 

Vol. of 


. Had. 

Hd. 

solute. 

Na%a;HsO. 

O017M 

6*43 


5*43 

32*02 

32*44 

31*78 

29-26 

26*48 

29*14 

26*32 

23*62 

-32*44 

0-017X3 

600 

0*37 

5*37 

0*01644; 

4*60 

0*86 

6*36 

001580 

400 

1*36 

6*36 


300 

3-00 

1*90 

2*42 

6*40 

6*42 

0*01483 

3*50 

3*03 

6*63 

0*01396 

2*00 

3*66 

6*66 

0*01367 

001360 

1-60 

1*00 

4-30 

6*30 

6*80 

6*30 


iB. 

1-71 

1-73 

1-70 

1-68 

1-40 

1-66 

1-89 

1-2S 

1-78 


In these oaloulationB, due allowance has been made for changes 
of obl<^ine-ioB.oonoentration. It is seen that the degree of hydration 
(a;) oi the sodium ions required in order to account for the observed 
visoosities is quite low, being about 2 for the saturated solution 
of the pure salt. As acid is added the value falls, and this may 
1;^ dtUe to the formation of E3O* ions; but there is at present no 
direct evidence on this point, although there is evidence that the 
hydrogen ions are not more highly hydrated. The ohloiine ions 
are probably not appreciably hydrated in these solutions. 

The potassium chloride mixtures may now be examined iimd the 
hjfd^^ pimficwKs dwived, > la thia case we have to deal with the 

(the peteM^tom icms) l^.lhe laager 
wato? with hftsQaaik)gf«nd oonoeor 

a grfiatar sate would be accounted for by the increase 
in dhlothie-ion e^aeentration alone. By comparison of the saturated 
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potassium chloride solution ■with the pure acid solution of equal 
concentration, the calculation for the volume of ions substituted 
gives, from c = 4*2, y)(KC1) = 0*00971, and 7)(HC1) «= 0-01143, a 
value 16-5 c.c. for the potassium ion. Since, however, the exchange 
in this case is not that of HgO for d', but of K* for HgO, this value 
really measures the size of a potassium ion compared with a water 
molecule, as though a water molecule had a volume equal to that 
of a chlorine ion, and ■the number requires reducing in the propor- 
tion 17-703:2243. If this is done, the final value of 12*29 is 
obtained, which is almost exactly that previously deduced for the 
potassium ions from the density data. Hence these ions are not 
appreciably hydrated- 

The series of potassium chloride-acid solutions gives, when 
examined in this way, as with the sodium chloride series, allowance 
being made for changes of chlorine-ion concentration, a series of 
volumes for the potassium ions falling from 15-68 to 12-20, whilst 
the potassium chloride* concentration falls from 4-2 to 0-96, thus 
supporting the conclusion that the potassium ions do not show 
hydration to any marked extent. The calculations also further 
support the view that the chlorine ions are not hydrated, and that 
there is no hydration of the hydrogen ions beyond the stage HjO'. 

Xt is not suggested that these explanations give a complete 
account of the phenomena studied. In the regicms of higher acid 
conoentratkm, viscosities rise much more rapidly than can be 
beffe 0^ iouio mi wtor yolumes deduced 
for i£e condehtrations, and there are indications of the 

folMtion of ^ ^ 



The sdubiUto have been detmoined at 25* of |>otaseittm a)dl 
sodxmB cUorides in aqueous solutions of hydroohloiio add of 
concentrations varying between 0 and 19'5N. 

The denudes and the viscosities of the same solutions hawe been 
meaeufled, the taeUhod Scaxpa for the determination of xd.ative 
viscosity being shown to be iamstwortliy with tile appMatus used. 

Complete d^ociation of the aoid and of the salts being assumed, 
a fonnida is developed conneoting ihe densities of tiie solutions, on 
the <«ie hand, with the ionio cenoentFaticmB, icmio sdution vdlumes, 
and the density of the water in IhteeolutionB, on the otiuer ; 

tide fmmiulti is used for the caleulation- of tiiS schrli^ ycSd&es 
of aUthecohstitaents. S'or of aoid coneaitnutione'b#W^lf^ 

6 and^dJT, with dither salt, it is unneoessBry to assume aa^ 
in^fieiohlM<m ycdtS^SS end the same values for the' 
the wdtdf s^ttes. * ' 
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satisfactory account of the densities of pure hydrochloric acid 
solutions of comparable total chloride strength. 

Solutions of equal chlorine-ion concentration up to about 9N 
have either lower or higher viscosities than solutions of hydrochloric 
acid alone according as they are saturated with potassium or with 
sodium chloride. The solution volumes deduced from the densities 
are used to give an account of the viscosities of those solutions of 
hydrochloric acid alone and of potassium ohloride-hydroohloric 
acid to which they refer. No hydration of the chlorine ions is 
indicated. The potassium ions are hydrated only to a slight extent, 
if at all. The hydrogen ions may be present in the form H 5 O* 
but are probably not more highly hydrated. The viscosities of the 
solutions containing sodium chloride cannot be accounted for on a 
similar basis without introducing a hydration factor of about 2 . 
This value falls as the solutions become more strongly acid. 

The author desires to express his thanks, to Professor Boon for 
providing the facilities which have enabled the work to be carried 
out. 

Hebiot-Waxx CoiiIeqe^ Edinbueob. iMeceivedj May 1028.] 


CCLII. — The. Influence of Structure on the Solybiliti^ 
of Ethers. . Paert I. Ali'phaUc Ethers. 

By Ghobgh MAODOiirAH) Bennett and Wtt.t.tam Gbouge Philip. 

The mutual solubilities of ethyl ether and water have be^^ detcfir 
mined with considerable accuracy by several observers, but the 
corresponding data for other ethers are lacking. In order to revwd 
the iMuenoe of variations in structure on ti^.propd^y, we Jtesve 
measured &e solubilities of so: isomeric ethins. ci ^ . formula 
OjHijO, viz., methyl ra-butyl, methyl^ iaolwtyij methyl aec.-hutyl, 
methyl iert.-butyl, ethyl »>pK>pyl,.and ethyl *«()propyi ethers, and 
aJsot^ etl^ : nmthyl n- and »«o-.propyl, di-w-propyl, 

prop^ Mopropyij' and diaJlyl. 

of i^^if^'iaJa.-HrWith the exception of methyl iert.- 
most ecm’^^'^Qiieutiy prepared by Chan- 
<^’% mpi^iciat^ 1869, 151, 306) of the Williamson 

meey^ipidf |p;Whi^ an aJkyl halide are heated with 

an,exe^ (^jsoKd po^ssium hyi^oxide. The latter may be heated 
Srst Unds reSicc with the alcohol and the halide then added,^ 

0 ^^ cases, the fbuely powdered potassium hydroxide muy 
j^admfiy to the boiling mixture of the a.loohohaB.d tjiie haHdel"' 
For e^yl iae^ropyl ether, ethyl iodide, isopropyl alcohol, and 
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potassium hydroxide were heated iu a closed bottle at 100® for 
several hours. It was found necessary to use only normal alkyl 
iodides in this reaction, methyl isopropyl ether being obtainable, 
for example, from isopropyl alcohol and methyl iodide, but not 
from methyl alcohol and isopropyl iodide. Methyl feri.-butyl ether 
could not be prepared by Chancel’s method, and that of Heniy 
(J2ec. cJiim., 1904, 23, 329) was adopted. 

The customary methods of purification of some of these sub- 
stances were incapable of removing the last traces of the halides 
used in their preparation. A specimen of ethyl isopropyl ether, 
for instance, after repeated fractional distillation and after boiling 
for 6 hours with metallic potassium, still contained some iodide, 
although its density, d’^. (vac.) 0-7462, was in agreement with the 
value in the literature. (Compare the difficulty of removing 
iodides from hydrocarbons; Welt, Gompt. r&nd., 1894, 119, 743.) 
The trace of iodide was completely removed by boiling the liquid 
for 6 hours with diethylamine (16 — ^20% by wt.), and then washii^ 
it successively with water, dilute acid, and again with water. The 
specimen, referred to above, thus purified had, after drying and 
redistillation, dJI (vac.) 0-7440 ; it was entirely free from halogen, 
and a repetition of the process of purification caused no further 
alteration in its density. This method of purification was applied 
in all cas^ where an alkyl halide had been used, and the ethers 
were obtained in a state of greater purity than had previously been 
attained, as is shown by 'the fact that the densities observed are in 
several bases* lower than those recorded in the literature. 

The foltowing constants were observed (all densities Site redneed 
to a vacuum ; the b. p.’s are corrected, but are not to' bo^garded 
as such trustworthy criteria of purity as the deities, since often 
only small quantities of material were available) : Methyl n-butyl 
ether, b. p. 70®, dJI 0-7636, 0-7441; methyl wobutyl ether, 

b. p. 68®, dj: 0-7623, 0-7311 ; methyl ms.-hOyl ether, prepared by 

Chancel’s method and purified as described above, b. p. 69®, dJI 
0-7621, c^’ 0-7416 (Found; 0, 68-8; H, 13-8. OjHijO requires 
0, 68-3 ; H, 13-6%) ; methyl feri.-butyl ether, b. p. 64°, djs: 0-7678 ; 
ethyl Ji-propyl ether, b. p. 64°, dj: 0-7541, 0-7330; ethyl iso- 

propyl ether, b. p. 63°, dJI 0-7440, d^ 0-7211 ; methyl w-pxoKyl 
ether, b. p. 37.®, 0-7494, di5'“‘ 0-7356 ; methyl isopropyl ether, 

b. p. 32> dSe 0-7383, djf 0-7237; di-»-propyl ether, b. p, 91®, 
<^* 0-7360; »-pyopyi isopropyl ether, b, p. 83°, 0-7697} 

0-7474; di-»-butyl eUier (purchased), b. p. 140°, df 0>7841 ; 
ether, >- P- 94®, dj: 0-8449, 0-8260. 

pf Meas^emeyt. — Of the 
mining the mut^^^ltt'b^i^.qf two 




metibiode availa!bl®.,|^;te^- 
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Ghem. Soo., 1923, 45, 1143) appeaxed to be the best, particularly as 
it gives inforzaation as to the oompositioa of both phases of the 
system ; as originally described, however, it involved large vessels 
and the use of at least 400 c.c. of each liquid, and we therefore 
reduced i^e scale of the apparatus in order to adapt it to sim^ 
quantities of substances (i.e., 4 — 6 c.C. of each liquid) without 
appreciable loss of accuracy. The two vessels (Kg. 1) were made 
from glass tubing of 5 nun. bore, graduated in mm., and were care- 


Fio. 1. Pro. 2. 



I. M«Si^ n-iviyl #%«r. IV. M^hyl ether. 

II. Methyl Isc^vtyl ether. V. Elhyl n-propyl ether. 
III. Meth/jfi see.-6M«j/Z ether. VI. Eihyl isopropyl ether. 


fully calibrated (in the thermostat) by measuring tlie '^Itiktes of 
obSoEved weights of pure toluene. The ptai-eSbhp^'-fiitin dE't^^ 
feidbs is hhportant in order to aSeit^ ^ |ba^‘W b^negate 

was muring of the 

air bubble would not 
plunger did not bring 

about za;i^ nuriog> but exoeUent results wem obtained by^ 
r)lA>^ tbbe i'i^)brib«f pure mercury occupying: hbout 1 cW^bl^be 
mabew part. When the tube was rqwatedly inverted in-tiie th«f- 
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mostat, the mercury travelled down the tube and caused turbulent 
mixing, complete equilibrium being reached in less than J hour. 

The thermostat was electrically heated and controlled, the vari- 
ation being less than 0'01°. Temperatures were read on a ther- 
mometer graduated in 0-1° and recently standardised at the National 
Physical Laboratory. When mixing had been effected, the tubes 
were attached to a frame and rotated about a vertical avia for 
10 minutes to promote the separation of the phases. The tubes were 
then fixed, preparatory to reading the volumes, in such a position 
that the glass points, where they had been sealed in filling, protruded 
1 cm. above the water in the bath, and a current of hot air was 
blown on to the tips to drive down any liquid into the body of the 
tube. The volumes of the phases were then read through a telescope 
3 feet from the glass front of the thermostat, strong illumination 
being supplied through a ground glass screen behind the tubes. 
The mixing and manip-ulations were repeated imtil the readings 
were constant, the values in practice being reproducible to less 
than 0*01 o.c. The possibility of error due to the difference in shape 
of the etheiv-water and ethei>-air menisouses was examined by a 
trial with pure paraffin (b. p. 60 — ^70®) and water. Any error involved 
is less than that of observation. 

A redetermination of the solubilities of ethyl ether at several 
temperatures gave the following results : 


Temp. Ether in aqueous phase. Water in ether phase. 

0.03% (6*03) 1-30% (1-34) 

20 6’87 (6-90) 1-24, (1-26) 

IS 7-96 (7-91) 1-26 (1-B4) - 

10 9^01 (9-ai) 1-14 .(l‘i0) , 


The agreement with Hill’s values (in brackets) is close, and there is 
reason to believe that the reduction of scale of the experiments has 
not introduced an error as large as 0-05%. Apart from this, our 
figures a;e presumably subject to a small error inhorent in the 
ordinal method when very low solubilities are measured (compare 
Kablukov and Malischeva, J. Amer. Ghem. 8oo., 1925, 47,. 1553; 
Hill and Malisoff, ibid., 1926, 48, 918). This error is not large, and, 
being systematic, will not affect the validity of any cjomparison 
made between similar values of solubility. We obtained an indica- 


tionuf some error of this kind by comparing the figures for «-propyl 
ether, obtained by the method described above, with those found 
by the “ synthetic ” method of Alexejew- (Wied. Ann., 1880, 


305). In this oasg the latter figmes are consistently P;2% k 
than tho^^PCU^. I'or ^ jkw of the ethem exanoin^, deberp^^ 
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and the temperature at ■which turbidity just appeared was deter- 
mined in a large vessel of water. 

Taslb I. 

A == weight % of etJher in aqueous phase. B = weight % of water iu ether 


phase. 

Etheri 26". 20”. 15*. 10*. ' 0®'. 

Methyl »-butyl A • 0'89 1*00 1‘1S 1’61’ ' 2»5l ’ i 

Q + 6800 pals B 0-91 . ,0*67 0-0 .0*60 

Methyl Mohuiyl A 1-10 - 1-24 1’51 1*72 2«63 

0 + 6060 cals B 2-02 l-7'8 1-64 1*30' 0-92 

Methyl «ee..hutyl A 1-60 1-79 2*06 ^-88 ' 3*24 ' 

Q + 4360 cals B 1-96 1-69 1-48 1-22. t., 9-60 

Methyl *ert.-bntyl A 6-16 6-83 6-66 7-80 , ■ 9-12 

Q + 3700 cals. ....... B 2.96 2.64 2-20 1'84 , M7 

Ethyl »-ptopyl A 1-87 2-03 2-32 2-74 3-66 

Q + 4960 cals B MS l-Ol 0>88 0-76 0-69 

Ethyl Moprwyl A 2-40 2*82 3*38 ' ' 8-99 8"89 

Q + 6700 cals B 0*62 0-41 0-80 0>22 0.26 

DiaUyl A 8-86 9.18 9-61 10-20 11‘68 

<3 + 1760 cals B 1-61 1-26 1-06 0-91 0-71 

IDi-n-propyl A OAO 0-64 0-61 0-71 1-06 

• ^ ■ B 0-46 0-38 0-31 0-29 0-36 


TaBIiB 11. 

Weights % of ether in water. 


Efter. 26®. 20®. 16®. 10®. 0®. 

Di-n-pimyl 0-26 0-30 0-38 0-41 0‘68 

n-PropylMoptMlpyl ... 0-'47 0*61 0-60 0-76 — 

Methyl «.propyl 3-06 3-2 8-4 3-8 6-6 

Methyl uopropyl ...... 8-6 7-4 8-6 9*9 i ' — 

Di-n-butvl Solubility less than 0-01% at 17® (2 litres of water 

did not completsiy diasubre O’! V 


iJeitilS4;J--Measurements by the iS^oid WOrO mAde at 

IS**,' W’. And 0*2a'‘ o¥ sets fneasurh- 

haOni^'rt^niAde'in'SaOh^^' '^^bltli^sidtihg’dhtafdr t^^ 

0^]^ are plotted* itiiaie boing doubled for the 

“nj^4-hjtii<w£frlres -fil^^^Jkh’iSF-cI^mess. The values recorded 
T ftoin the smooth curves : the corrections 

of the order + 0-O-0S%. The curves 


’fe of the order ± 0— O-0S%. The curves 

of eldiyl and allyl ethers, record measurements 
le method, and the smoothed values are given in 




ie solobiliti^ of wat^ in 
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values of the (positive) molecular heats of solution. (Q) of the ethers 
in -water have been calculated in the usual -way from the slopes of 
the solubility curves at 10 — 20® and are recorded in Table I. 

It is noticeable that the relative order of the solubilities of the 
compounds remains the same at all temperatures. Tor the iso- 
mmc ethers OgHuO, this order is : Methyl »-butyl (1*61), methyl 
iaobutyl (1'79), methyl aec.-butyl (2-33), ethyl n-propyl (2'74), ethyl 
isopropyl (3-99), methyl ieri.-butyl (7-30), the figures in brackets 
being the values at 10®. The order for the isoraerides C 4 H 10 O is : 


Fio. 3. 



2 >4 » » ‘ W IS 

Weiffkt of etheTi %• 

Solubilities in water of: 


I. Di-n-propyl ether. IV. Diethyl ether. 

11. Propyl isopropyl ether. V. Methyl isopropyl eHher. 

III. Mahyl n-propyl ether. VI. Did^l ether. 


Methyl ra-propyl (3-8), diethyl ( 9 - 0 }, and methyl isopropyl (9-7). 
Throu^OTit these values the solubility is seen to increase -with 
increased branching of the carbon chains of the aUtyl groups. 

The various physical properties of ethers in the pure state 
show -them to be correctly' classified as “normal” liquids. 
Evidence of various kinds is available iu the caiw of etl^l 


ethSr : surface -tensidn data are given b^r Morgan and Stone (J. 
Atsier. (Mem. 80c., 1913, 35, 1505) sho-wing the same result 
ethyl »-wij^l.^er , and measurements of -the solubilify of , 

lene i^pi^ b&iSrs, whibh lead to the same 


recorded i#i 
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solubility of the etheis in. vater indicates “ abnormal ” behaviour, 
and classifies them as “ polar ” in the sense suggested by G. N, 
Lewis (Und., p. 1448). This abnormality, absent in the pure liquid 
but developed in presence of water, is evidence of the presence in 
the latter case of a new molecular species of a polar type. Moreover, 
the comparative solubilities may be taken as an approximate 
indication of variations in the extent of the chemical action to 
form the complex RgO — ^HOH. This point of view has recently 
been clearly stated by Sidgwick (Presidential Address to the British 
Association, Section B, 1927, and “The Electronic Theory of 
Valency,” p. 137), who also explains the abnormally high solubilities 
in ether of hydroxylic substances in general as due to combination 
of the two to give the polar compound R^O — ^HOR. 

Three factors might consequently be expected to influence the 
solubilities in water of ethers which are of the same molecular weight. 

(a) The chemical reactivity of the oxygen atom mi^t be lowered 
by any accumulation of groups in its vicinity. Such a steric 
hindrance should cause a diminution in the solubility of isomerides 
as a normal radical is replaced by a secondary or tertiary one. 

(b) The donating properties of the oxygen' atom should, on the 
other hand, be increased if the attached radicals have an increased 
tendency to repel electrons (the “electron-source” effect). The 
experiments of Allan, Oxford, Robinson, and Smith (J., 1926, 401) 
have shown that the methyl group and particularly secondary alkyl 
radicals have this type of influence on a contiguous oxygen atom, as 
shown by its activity in controlling aromatic substitution. For 
this reason, therefore, the attachment of a secondary or tertiary 
radical to the oxygen of an ether should cause an increased solu- 
bility in water. An effect of this kind is somewhat similar to that 
which results in the higher strength of secondary aliphatic bases 
as compared with primary bases. 

(c) Any increase in the length of a hydrocarbon ohaiu will tend 
to reduce the solubility in water of the ether or of its complex with 
water (<;ompare Langmuir, OoUoid Sympoakm Morngraph, Vol. 3, 
.Gbem. Catdog, Co., New York, 1925). It should be noticed that 
this effect is purely negative. The substitution of the feri.-butyl for 
the »-butyl radical does not, in the absence of an oxygen atom, 
coiner an appreciable solubility on a substance, for n- and iso-buta|te 
.are dually spadigly soluble in water. 

, ;.The stexjlo hindrance effect (a) appears to have been demon- 
.slxated fqr certain ooniplexes of the alcohols by the experiments of 
e&m., 1924, 35, 741), but our figures do not 
lev^ it. It is possiblie that this influence is present, but of a lower 
order of magnitude than the other effects, which oppose it. To 
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the latter effects, (6) and (c), may be attributed the ohserved vari- 
ations of solubility. Although in general these two influences cannot 
be observed separately, the increased solubility of MeO'CHj'CHMeg 
as compared with ‘lo®® presumably depend 

entirely on the length of hy^carhon chain (c), whilst the increased 
value for MeO*CHMe‘CHjMe as compared with MeO’CHj'CHMeg 
reveals factor (6) independently of (c). The rapid fall in solubility 
with lengthened hydrocarbon chain, when molecular weight does not 
. remain constant, is well shown by the following ethers : Ethyl (9-0), 
ethyl »-propyl (2*74), dipropyl (0'41), dihutyl (<0-01). In the 
molecule of diallyl ether the unsaturated groups confer a consider- 
able freedom of movement of electrons, which should assist the 
donating function of the oxygen atom. The rdatively high solubility 
of this substance was therefore to be expected. 

The Univbbsitv, SEsnxBLD. [Aeceived, J'une Ith, 1928.] 


COLIII . — The Inpuence of Structme on the Solubilities 
of Ethers, Fart II. Some Gydie Ethers. 

By GrBOBOB Maodonau) Beitbbti and William Qbobob Phiup. 

A SBBiBS of cyclic ethers has been examined with respect to the 
solubilities in water, the compounds (a) being isomeric, (b) differing 
from the series of open-chain ethers (preceding paper) only by 
two hydrogen atoms and the closure of the ring, and (c) having a 
cyclic structure with a 8-, 5-, 4-, or 3-memberdd ring. The sub- 
stances chosen were pentamethylene oxide, a- and ^-methyltetih- 
methylene oxides, ^^'-dmethyltrmeihyiene oxide, uot'-dimeS^l- 
trimeffiyUne oxide, and aoe'-methylethylethylene oxide, aU of the 
molecular formula CjHioO. 

Preparation of Materials. — (i) Pentamethylene oxide was pre- 
pared as described by Clarke (J., 1912, 101, 1788), and had b. p. 87®, 
(vac.) 0‘8814. 

(ii) tt-Methyltetramethylene oxide was obtained from the glsrool 
resulting from the reduction of y-aeetylpropyl alcohol. The yidds 
of the latter were consistently lower than those claimed by Possaner 
and von Ehrenthal {Momtsh,, 1903, 24, 382) : substitution of 
ethylene chlorobromide for ethylene dibrdmide caused no improve- 
ment, but the foUdwiag method involving the use of ethyle;iit., 
cUbrohydrin was much more satisfactory. To a solution of oth^l 
acetoacetate (85 g.) wiril sodium (12 g.) in ethyl alcohol (I^ g*), • 
ethylMie: dfloroh^d^ f ■) added and the 
for 5 houri. Th)i^eohitiDn;#» 
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bmled for 6 hours mth dilute hydroohlorio aoid (120 o.o. ; 10%). 
The solution was made neutral and concentrated under reduced * 
pressure until salt had separated copiously. An excess of acetone 
was then added, the solution filtered from salt, evaporated, > and 
distilled under reduced pressure (yield, 40%). The eiUier had 
b. p. 80“, d? (vac.) 0-8732, d^' (vac.) 0-8640, 

(iii) ^-Methyltetramethylene oxide was prepared from ethyl 
methytoocinate as described by Haiiies {Awncilm, 1911, 383, 170), 
and had b, p. 83®/738 mm., dj'. (vac.) 0-8860, (vac.) 0-8042. 

(iv) ^^'-DmetJiyUrme^lem omde. was made firom the corre- 
sponding glycol (Just, Monatah., 1896, 17, 76) throng its'mono- 
bromohydrin (Dranke, ibid., 1913, 34, 1898). An improved yield 
of the latter was furnished by heating the glycol (1 mol.) with the 
solution made by x>as8ing sulphur dioxide into bromine (100 g.) 
and ice (110 g.) until the colour is yellow. The mixture was heated 
on the steam-bath for 5 hours, at its boiling point for 1 hour, and 
then diluted. The product was extracted in ether, the extract 
waehed with sodium carbonate solution, dried over sodium sulphate, 
and fractionated. 33ie bromohydiin had b. p. 100°/25 mm. (yield, 
41%). It Twas mixed with three times its weight of dry, powdered 
potasmum hydroxide, and heated in an oil-bath at 130—180°. The 
^P'-dimeth;^trimethylene oxide, after drying and redistillation, was 
a'mebilnlifmdCficamphoraceous odour, b. p. 78°/742 mm., dJI (vac,) 

(yao.) 0-8348 (Found: 0, 69-1; H, 11-6. O^joO 
raquirw 4 09-8 ; Hj H'6%). 

(v) oxide was prepared in a similar 
manner (yield, 43%) from the chlorohydrin, b. p. 72°/13 
obtained by the action of magnesium methyl iodide on ethyl 
propionate (yield, 63%) as described by Henry (Compi. midLi 1906, 
142, 183). The oxide had b. p. IVjlSO tom., (vao.) ^8490, 
^ (vac.) 0-8279. It is a liquid of pleasant odour, and dissedves with 
evoluluon of heat in water, becoming hydrated to the oorre^nding 
l^lyco}. Great difficulty was expeiienGed in analysing this and 
the forgoing substance : apart from their volatility, the gem- 
fdimiethyl' group may have caused low values. Ihis substance was 
also hygrosocqiie. I3ie ^dmens were always redistilled immedi- 
ately before use, but no direct evidence of their freedom from 
impfurity is available. 

(vi) wa'-Sfetirylethyletbyiene oxide was prepared 
Tiffeneau (Compt. rmd., 19CQ, 134, 776; 1907, 1^ 
b. p. 80-6“/765 mm., (vac.) 0-8426, (vao.> 

C, 70-2; H, 11-4. Calc. : 0, 89-8; H, 11-6%). ^ 

Methods of Measwremeant. — ^The experimental method was as 
described in the preceding paper. The solubilities of ^-methyl- 


as described by 



ON THE SOLTTBIMTIHS OF ETHERS. PART Xt. 


1939 


tetramethylene oxide -were determined by the synthetic method. 
With this, and 'with one or two other substances, a difficulty was 
sometimes met mth in using the wolumetiic method described. A 
trace of a solid was produced in the tubes which made the separ- 
ation of the phases and the reading of the meniscus difficult. The 
effect was slight and in some oases entirely absent. It -was found 
by repeated experiment to be unconnected with any possible 
impuriiy in the mercury, and was finally recognised as due to the 


1 . 



178^^ (jf ether; %. 

Mutual eeMilities of iaomerio oyeUe ethers cmd vtater.. 

I. 'Pvittamgthiglem oMe. XtL at-MethyUetramefhylene oxide. 

U. ^-l^efftyUetramethidene oxide. Vf, 

* (A, Ethifi u-propyl ether.) 


oxidation of the ffietal to aA oxide by a trace of ether peroxide 
(compare Bichardaon, J., 189i, 59, 51), The BOflist ether is thus 
a catalyst wbieh causes reaction between mercury and oxygen. If 
this expbmation had been realised originally, the whole phenomenon 
could doubtless have been suppressed by avoiding the presence of 
The jijy^^areme^ts here r^orded are few from entirif dtffe 
to this difficulty, but the altemati-^ method of measurement 


adopted, for the one etheSr • ■ ' ''■ ■ ■ '■ 

state, .tl» 
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cliain ethers at several temperatures were determined, following 
the method of Ward (J. Physical Chem,, 1926, 30, 1316). The 
naphthalene was carefully purified and melted completely between 
80-06° and 80-07°. 

Results * — The mutual solubilities of four cyclic ethers and water 
are shown by the curves in Fig. 1, a curve for ethyl ii-propyl ether 
being included for comparison. The data in Table I are smoothed 
values for these substances. The remaining two ethers, aa'-di- 
methyltrimethylene oxide and aa'-methylethylethylene oxide, 
dissolve completely in water with considerable evolution of heat. 
The resulting solutions were found to contain only the corresponding 
glycols, and these two ethers could not be recovered. 

Table I. 

Mutual solubilities of cyclic ethers and water. 

A = weight % of ether in aqueoixs phase. B = weight % of water in ether 

phase. 


Oxide. 25®. 20®. 15®. 10®. 0®. 

Pentamethylene A 8-02 8*76 9-64 10*70 13-40 

Q + 3300 cals. B 3-14 2*70 2*27 2*08 1*63 

a-Methyltetramethylene A 13-87 15-05 16*62 18*20 22*10 

3160 cals B 6*08 6*65 7*06 7-72 9*64 

jS-Methyltetramethylene A 8-8 9*5 10*2 11-25 14*6 

Q + 2800 Cals. 

j3i3'-t)imethyltriinethylene... A 15-04 16*26 17-71 19*31 23*28 

Q + 2800 cals B 10*20 10*67 11*32 12*15 13*96 


Table II. 

SolubiKties of naphthalene in open-chain and in cyclic ethers. 
(t = temperature; N == molar fraction of naphthalene.) 


Di-n-butyl ether 

t 

42*6® 

46-7* 

62-9® 

N 

0-3773 

0-4153 

0-5078 

E'Uxyl n-propyl ether 

t 

29-9* 

39-7® 

42*3® 

N 

0-2708 

0-3650 

0-3986 

Ethyl ’Wopropyl ether 

t 


43-9® 

52-3® 


N 


0-4026 

0*6136 

Bentamethytoie oxide 

t 

26-4® 

30-1® 

40-2- 

N 

0-3421 

0-3705 

0*4608 

j3j3'-DimethyItrimethylene oxide 

t 

29-2® 

38-9® 


N 

0-346n 

0-4178 


aa'-IHmethyltiimethyl^e oxide 

t 

33-8® 

39-9® 

44.70 


N 

0-3010 

0-4087 

0*4657 

aa'-Methylethylethylene oxide ... 

. t 

27-4® 

38-2° 

46*6® 

N 

0-3256 

0-4223 

0-6062 

Dismaaion of BeavMa. 




The deviation of the solubilities of naphthalene in the ethers from 
the ideal value may be shown by the slope of the curve relating 
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log N toljT (Mortimer, J. Amer. Chem. 8oc,f 1922, 44, 1416 ; 1923, 
45, 633). The mean values of Alog.ft7’/A(l/!r) derived from the 
data in Table II are : Dibutyl ether 1246, ethyl 7^-propyl ether 1190, 
ethyl isopropyl ether 1200, pentamethylene oxide 920, pp'-dimethyl- 
trimethylene oxide 980, aa'-dimethyltrimethylene oxide 1120, 
aa'-methylethylethylene oxide 985. The ideal value may be taken 
to be 970, and the value recorded by Mortimer for ethyl ether is 
1180. The figures show that these liquids are normal and differ 
very little in internal pressure from naphthalene, the cyclic oxides 
having a slightly higher internal pressure than the others. The 
figures for the last two ethers in the above list are possibly subject 
to error owing to the hygroscopic nature of the substances* The 
observed points for the cyclic ethers are close to the ideal curve, 
and the internal pressures may be taken to be approximately equal 
to that of naphthalene (1-00 on Mortimer’s scale). This slightly 
greater internal pressure is also apparent from a consideration of 
the following boiling points : Tz^-Hexane 69°, cycZohexane 81°, ethyl 
n-propyl ether 64°, methyl w-butyl ether 70°, pentamethylene 
oxide 87°. 

The solubilities of the cyclic ethers in water increase with falling 
temperature, but their relative order is independent of this change. 
The solubilities are in the order: Ethyl w-propyl ether (2*74), 
pentamethylene oxide (10*70), P-methyltetramethylene oxide (11*26), 
a-methyltetramethylene oxide (18*20), pp'-dimethyitrimethylene 
oxide {19*31), the figures in brackets being the solubilities at 10*0°. 

The difference between the solubilities of ot- and p-methyltetra- 
methylene oxides once more illustrates the effect of substituting a 
secondary for a primary radical attached to the oxygen atom, as 
discussed in Part I of this investigation. The extreme develop- 
ment of chemical reactivity due to a tertiary radical is seen in 
aa'-dimethyltrimethylene oxide and aa'-methylethylethylene oxide 
by the immediate rupture of the ring on solution in water. 

The most striking feature of the results is the large increase of 
solubility caused by the closure of the ring, and this is also true of 
the solubilities of water in the ethers, the values of which are 
considerable. 


The work of Menschutkin (J., 1906, 89, 1632) and of Petrenko- 
Kritschenko {AnmUn, 1905, 341, 165) proved that the reactivity 
of an alcohol or a ketone is incr^sed when its open chain is dosed 
into a ring* If the open-chain substance be regarded as behaving: 
normally, ring dosure evidently cbnfers an enhanced readiv^^ 


This effect, .which is of the nature of a negative sterio hin 
may be temed ^^efcerie facdvaidon/’ Menschutkin reejia 
this pheaomeni^;shoddf^a<bo^/|ffeieiin 
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ring, and dited as an iUustration the greater v^ooity of alkylatioil 
of pipetMine than of w-amylaniine. The mnoh greater strength of 
piperidine as a base in comparison with diethylamine <and dipropyl- 
amihe may also be ascribed to steric activation. The measure- 
ments recorded in this paper are evidence of a similar effect with' 
oxygen as the hetero-atom. To show that the solubility developed 
by closure of the ring is a property of the oxygen atom in particular, 
the solilbilities of tt-hexane and o^cfohekane in watar were examined. 
Direct experiment showed that water dissolves less than 0K)0S% Of 
either at 17°. ' ■ . ' 

The increase of solubility due to the closure of the't^ng is also 
larger the smaller the ring, in accordance with expectation. - Oon- 
sidering only the ethers With unsubstituted methylene groups 
attached to the oxygen atom, the figures to be compared are 10<70, 
I1’26, and 19-31% for 6-, 6-, and 4-member6d rings, respectively. 
The fact that the difference between the first two is small is perhaps 
due to the strainless configuration in the 6-membered ring, which 
will consequently have a similtoif angle to that of its .5-membered 
isomeride. The observation of Bergmann and Elann (ATtmi^n, 
192^ 4^, 278)i:that acotoxypolymetiiylene oxides of the type 

R<aE[i((S0[^)^-CH*OAo . abe polymeriM. to a greater extent the 
sTASdlti: tiis vedim.of %,• m evklenoe of a siodtar increase of Ohetooical 
tBaa fti V i ty in tirS oxygen atom wSb diminishing size of the ring. 

. It'lixOy’ alSO be pointed out that the large majority of stable 
oxotaidm OorapDumis arise from the chemical reactivity of an oxygen 
atom Which is a member of a ring. This can hardly be accidental, 
but must be a consequence of the steric activation of snoh %toms. 

We are irj4ebted to the Departuaent of Scientific ajid 
Research for Migrant whioh enabled onp of us to take part in, toe 
work recorded in this and toe preceding papw^ .j . .. , ,, 


ocLiy. 

rjl qjv- T 


The Phosphoresced Combustion of Sulphur. 
, ..fey’ EmblAto. 


tempmstoin nA‘wl^ Sulpfiar ignitesm o^gen varies between 
SSfi” nhd iSSf'-'^iQiitordiQg to the conditkots ^oissan, Qampt. rmd,. 


1903, 137, 547). Just bdiow the ignition point the looddnlteii liS’ 
accompanied by a blnisb-white luminescence ( J oubetti 1874,'^ ' 


1863) persisting only so long as heat is supplied ; at lower tempeuatureB 


the reaction is non-luminous. The phosphorescent flame changes 



CTB PHOSPHOBESOliNT COMBtTSXIOK OP StUPHPB. 194t^ 


into the normal flame as the temperature is raised. Heumann 
showed that its products were sulphur dioxide and a little sulphur 
trioxide {Ber., 1883, 16, 139). Bloch found that no ionisation 
occurred, but stated (without giving details of his experiments) 
that ozone was formed {Gompt. r&nd., 1909, 148, 782). The phos- 
phorescent flame was also investigated by Watson (Chefn. News, 
1918, 108, 187). The main aim of the present investigation was to 
search for any oxide oftsulphur more volatile than sulphur dioxide 
(such as the still unlmown sulphur monoxide might be expected to 
be), by methods which would enable a very small pacoentage of 
such a substance to be isolated. The alleged formation of ozone 
and the action of inhibiting substances on the phosphorescent 
flame were also examined. 


The Products of the Phosphorescent Gondmstion of Sulphur. 

The production and maintenance of the phosphorescent flame 
was most readily accomplished by using mixtures of oxygen and 


Fig. 1. 



nitrc^^ (ebtained from cylinders) with ha. oaty^'uohtimt var;$1%' 
between 6 — 16%, according to the tein;^atttt^ at whi6h 1118 
flame was being maintained, ill tendeflby for normal bumiogMo’ 
occur was eliminated in this way. The a|>paratus used for coUeetin^ 
the oxidation product is showniniElg. 1. gas mixture from 
storage bottle was passed over sodar-lime and ^iod by suil^htlrio 
acid and phosphoric oxide, residual OOndensable impuriti^ bein^ 
then removed in the U-tube A booted in ISbpiid air. Reorystailised 
sulphur (Merck’s), which had been maintaitied in a yachkum 'at 


its melting point fdr | hour to remove solveht, distilM in a vacuum, 
and brOkeh'Up, Was distiU^-in a yaouum directly into B Xrbibi a 
side tubei'befbfet^ apparatus was assembled. B'v^heat^itf^ 

' furnace • (1^. intemtd diameter); ’tempemiUres btli^^, 
recorded by a mercury thermometer in contact with the outsi3|^P 
the brdW- The.4Bme i^. a'i|^ t^^ream under these bcmlM 
invMl^' and remained sifsa^ 

period^; ' 


BMBLlttrS : 


im 

fumace. The oxidation product was frozen in 0, which was cooled 
in liq[uid air, and it is assumed that none of the product escaped 
condensation under such conditions. The guard-tube D w# 
similarly cooled. Connexion was made between 0 and D to an 
apparatus for the subsequent examination of the oxidation product. 

Combustion was alwa 3 rB incomplete, as shown by the following 
values for the oxygen content of the gas issuing at D for various 
temperatures of J3. The ingoing gas contained 8-2% of oxygen, 
and was passed at the approximate rate of 1 1. per hour. 

Oxygen in outgoing gas, % 7-6 6-8 6'2 

Temperature 267“ 326" 360“ 

After a number of trials, three experiments were carried out 
at 275°, 300°, and 326° respectively. The oxidation product 


Fia. 2. 



condensed in 0 was examined by a process of fractionation in the 
apparatus shown in Kg. 2 (compare Stock, JBer., 1914, 47, 164; 
1917, 50, 989 ; 1918, 51, 983). C being cooled in liquid air, B and 
J) were sealed off, the mercury valve V (Stock, Z. ilZefcfrocAem., 
1917, 23, 33) was opened, and the wh,ole apparatus evacuated with 
a single-stage quaftz diffusion pump, backed by a Cenco Hyvac 
pump. All the valves except V', F", and V" were then closed, 
and Urn U-tub»8 E, W, and (? were cooled in baths at —85°, —124°, 
and.in liquid air respeotively.; C was then allowed to warm slowly 
tu.,zonm temperature. Its contents thus underwent a process of 
factional, condensation m Ej F, and Q (time, 20 minutes) ; the 
valves F" and F'." were closed, and the residual solid in 0 was 
sublimed into E, which was cooled in liquid air, F' being then 
closed. 

Examination of the Volaiih Pro&ud . — ^The contosate in Q 
(which was always very small) was distUled into L (of known volume), 
where its volume was determined by allowmg it to vaporise and 
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observing the pressure produced at a known temperature; the 
vapour pressure at a suitable temperature was also determined. 
It was then distilled back into Q and stored. The condensate in 
F was divided into three fractions in order of descreasing volatility 
by allowing evaporation to occur at —66° to —68°. The volume of 
each of thesein turn was determined in the gas measuring flask Jf", 
of known volume, and the vapour pressure-temperature curve of 
each was determined in i, after which the fractions were stored in 
M\ J",and J'". 

Besults. 

(All recorded gas volumes are reduced to 0° and 760 mm. of 
mercury.) 

Experiment 1, Temperature, 276° (± 3°). Approximately 17 1. 
of an oxygen-nitrogen mixture containing 13-7% of oxygen were 
passed at the rate of 1 1. per hour. 

Fraction in 0 : Volume = 0-1 c.e. ; vapour tension at 99° = 0-7 
mm. 


Fraction in F : 

Most volatile fraction. 
(Volume 41*7 c.c.) 
Temp. Vap. press. 
-57-6® 38*0 mm, 

-47-2 77«0 „ 

-.37-1 161 „ 

-27*7 266 „ 

-17*6 470 „ 


Middle fraction. 


(Volume 

==S8'Sc.o.) 

Temp, 

Vap, press. 

-66*4*» 

41 mm. 

-48-3 

70 „ 

-38-0 

144 „ 

*-28*2 

260 „ 

-16-9 

484 „ 


Least volatile fraction. 
(Volume = 91*6 c.c.) 
Temp. Vap. press. 
-72-6'’ 10-6 mm. 

-64*6 44 „ 

-40-0 123 „ 

-27*9 269 „ 

-17‘6 469 „ 


The small fraction in 0 had a vapour tension consistent with iti^ 
being sulphur dioxide which had escaped condensation in F. Anjr 
more volatile oxidation product would have collected in (?, and ife 
absence is a conclusive proof that no such product is formed in the 
phosphorescent flame. The experiment would not, however, have 
detected any substance not condensed in liquid air. It was shown 
in a separate experiment that no substance more volatile than 
sulphur dioxide and reacting with mercury was present. 

The above vapour4ension measurements for the three fractions 
obtained from the condensate in F fall on one curve, indicating that 
a homogeneous substance was present. They agree with the values 
for pure sulphur dioxide obtained by use of the same pentane-filled 
thermometers, showing the condensate to be pure sulphur dioxide. 
The experiments at 300° and 326° were carried out in precisely the 
same manner, and led to the same conclusions. Unless special 
precautions were taken to avoid Contamination of the aulphin;, 1^; 
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from the condensate in Q, and identified by vaponr-tension measure- 
ments. ^ ^ 

The less volatile reaction prodiust. A small quantity of solid was 
always found in C and M. In some experiments it was white, hut 
in otheifi it contained a deep blue material which disappeared after 
48 hours and was not isolated. Its colour and behaviour suggested 
that it was sulphur sesquioxide. Its formation always occurred 
where solid sulphur dioxide had melted in the condensing tube, 
and was most pronounced at higher tempaiatures and with faster 
gas streams — two conditions favouring the sublimation of sulphur. 
It is concluded that this lower oxide was produced in a secondary 
reaction between sulphur trioxide (see below) and sulphur. 

The white reaction product dissolved in water, giving a fog, and 
the solution contained sulphuric acid and was without reducing 
properties on indigo solution. It appeared to he sulphur trioxide, 
confirming an observation by Heumann (Zoc. cit.). Its vapour 
attacked mercury, giving sulphur dioxide and a sulphate. In the 
experiment at 276® already described, 2*2 o.c. of sulphur dioxide 
were formed in this way. Assuming an equal quantity of sulphur 
^ Jjs^ve combined with the mercury, the, quantity of sul;^ur trioxide 
formed' in the phosphorescent combustion was approximately 2% 
of the quantity of sulphur dioxide. The value given for the 
formation of the trioxide in the normal combustion is approximately 
the same (Hempel,J5er., 1890, 23, 1466). 

Formation of Oxone in the Phosphoreseent Flame of Sulphur . — 
At the temperature at which sulphur glows, the thermal decom- 
position of ozone takes place rapidly. Bloch’s repoituf its produc- 
tion is not accompanied by sufficient experimental'datail to enable 
his conditions to he reproduced. Thosb chosen in testiUji fitqr osean. 
vmre, therefore, (a) the oxidation of snlj^hixr in a U-tnbe,,asi 
dmoribed, and (6) the conditions d^cribed by Heumann (loci' 
sulphur being Wted in'a sfiioa dish'.sapported in a nickel dish 
(18 cm. diameter). Undbr'&esa conditions the sulphur vapour 
oxidises neat< the heated surface, giving tongues of phoi^oresoent 
'itom ^hlsli gas may be 'withdrawn by msecting a funnel 
{d!t4e^|td,itQ.a rpamp. ■ In es^ histanoe the oxidation products 
'fiwristsedf tifti narrow, thin-walied U-tubes, cooled to —'124® to 
ihsihvn sidphur.«3ddes, and the gas stream then passed over a 
drop'of distilled iuercuiy, the tailing of which was used as 

a-test 'for ozone. 

Wilh method (a), the glow being produced at temperattues between 
200® and 300° by gas streams containing 8% of oxygen and passing 
at the rate of 2 1. per hour, no tailing of the mercury drop was 
observed (10 tests of 1 — 3 hours’ duration each). Using method 
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( 6 ) and the same duration of test, negative results were obtained in 
each of, six tests. Under these conditions, therefore, no ozone is 
iormed in the phosphorescent combustion of sulphur. 

Eosperimmts to determine whether a .“ Glow Preaaure ” exists in the- 
Oxidation of Sulphur . — Observations on the rate of oxidation of 
arsenic at (Merent pressures have shown that for each temperature 
there is a “glow pressure,” above which the oxidation is non- 
luminous, and below which luminescence occurs (Emel4us, J., 1927, 
783). A similar examination of the oxidation of sulphur gave 
negative results, l^e same method as for arsenic was employed, 
the apparatus beii^ modified by the addition of a bulb tube immersed 
in liquid air to a constant depth to freeze out the sulphur dioxide. 
By this means the rate of oxidation could be followed mauo- 
metrically. In a series of experiments at 300 — 340° there was 
no sudden tacrease in the oxidation rate as the pressure! was 
reduced, corresponding to the initiation of the glow. Apparently 
the mhibiting action of sulphur dioxide on the phosphorescent 
flame is very strong (see below), and the conditions employed 
did not provide for its sufficiently rapid removal, even at reduced 
pressures. 


The Inhibition of the Phosphorescent Flame of Sulphur. 

'' Ihe large influence of sulphur dioxide in raising the ignition 
point of sulphur has long been known (compare Moifi^an, 16c, eU,). 
RMehtly, 'White (J., 1927, 793) has.shO'tWl that pentane, ac'etj^^ene, 
and inethahe hut similar^. The influence of inhibitW^ bn' the 
phdsphbresoent stage of the oombustibh has hot,' 'hot^ef^^]^h 
consider^, and the experiments described below were'^ ^tirelsi^ 
towards this aspect of the pnoblem. ...p isrsqgg^ted that 
of. the phosphorescence, is the primary cause of the raising of: Wh 
temperature of normal ignition. ' 

Inh^idn by SiHp^ JDdoxide.-hifji studying the inflofinee of 
inhibiting substances on the phosphorescent fto.e, the latter, was 
prodOoed' by healing Suljihur'ifi'a IJi-tube ih a’iltream of an bsy^- 
nitrogen mixture^ 'sM already desbiibedi The depth to which the 
Lf-tube was immersed in the furnace was made as Iniali'hB ]^<^ibie 
to minimise tihe formation of sUl|ihur dioodde in the non-luminous 
oxidation oobefehig in the/ tube abore the liiminous zone! ‘"Wltlt 


an 8 %‘b 2 i 7 ^n.MtdtiOgen'iaixi^e, the influmce of yaiied additibns 



oi sulpUnt 
fln^^' eksmined, Ihe^ffiphur 


^ ^ Sritrddtibed 

strei^rij!0m a side tubei^'hnld-i&e ^aa' c<^positibn ds' 

daHhrafed bub^’*^"^ 

waS' 
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concentration being examined was too small to inhibit it, and the 
temperature of the furnace was then allowed to fall slowly. The 
point could thus be found at which the glow disappeared, the 
observation being made in a dark room with well-rested eyes. 
The following readings were obtained with a gas stream of 30 c.o, 
per min. : 


Cone, of SOa (% by vol. of 

total gas stream) 0 

Temp, of extinction of glow 195® 


9-2 19 30 

236® 267® 296® 


36 

309® 


U 

328® 


If, when the glow had disappeared, the temperature was again 
raised, the luminosity was first observed at a temperature 6 — 10*^ 
higher. 

Infiuerice of Organic Vapours . — ^The action of the vapours of a 
number of organic liquids was examined by heating the sulphur in 
a U-tube in a stream of an oxygen-nitrogen mixture (8% oxygen), 
observing the glow, and then diverting the gas stream through a 
bubbler containing the liquid in question. It could thus be seen 
whether the glow dimini^ed, in intensity or was extinguished. 
When inhibition took place the glow invariably reappeared on 
restoration of the normal gas stream, and could be put out at will, 
showing that no permanent change in the sulphur surface had taken 
place. The vapours of the sul^tances tabulated below all inhibited 
the glow completely over the temperature range stated (temperature 
of bujDtblers, 14*^). The effect of further moreasing the temperature 
could not be studied, because charring took place, and also because 
much sulphur dioxide would have been formed in the non-luminous 
oxidation. 


Benscene 270 — 360® 

Toluene 280 — 326 

Chlorobenzene 270 — 290 

P3rridine 310 

Ethylene dibromide ,.,....’..280—320 


Ethyl alcohol ..30d— 326* 

Etl^l acetate. .29(^320 

Amyl acetate 295 

Chlor6for]Si 280—800 

Acetone ...i 220—300 


The influence of ,the concentration of the organic vapour on its 
effeciaveness wa^ jnot investigated in detail, but the general nature 
of the result was .shown in the case of methyl salicylate, which 
baM.A, low vapour pres^e at room temperature and accordingly 
has only a weah; action on the glow. It was possible to find the 
temperature at which the luminosity was just inhibited at different 


substance at a series of temperatures. The method of observation 
was the same as that used in the eseperiments with sulphur dioxide. 
When the bubbler was maintained at 12°, 24°, and 38°, the glow 
was extinguished at 243°, 268°, and 268° respectively. Increase in 
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the concentration of the inhibitor, therefore, raises the temperature 
at which the glow occurs, as in the oxidation of phosphorus. 

Tests were made when the luminous oxidation was inhibited by 
benzene to determine if any non-luminous oxidation was occurring. 
A small amount of sulphur dioxide could always be detected by the 
decoloration of potassium dichromate solution. 

Diacusaion. 

As far as can be judged from the nature of the reaction products, 
the chemical change in the phosphorescent combustion of sulphur is 
the same as in the normal flame. It is a significant fact that no 
evidence whatever of the formation of sulphur monoxide was 
obtained, though the conditions were such that, by analogy with, 
say, the glow of phosphorus, lower oxidation products would have 
been produced if they existed. The negative results of the ozone 
tests show that in this respect, too, the chemiluminescent oxidations 
of sulphur and phosphorus differ. 

Consideration of these inhibition phenomena emphasises the 
two distinct stages in the oxidation of sulphur, viz,^ the luminous 
and the non-luminous oxidation. The dynamics of the latter 
were investigated by Bodenstein and Caro [Z. phyaiJcaL Chem.^ 1911, 
75, 30), who showed that the reaction rate was proportional to the 
sulphur surface, and hence, presumably, that the reaction was 
taking place at this surface. It was also found to be uninfluenced 
by sulphur dioxide. The slow luminous oxidation is, on the con- 
trary, on the basis of visual observation, a gas reaction, and has been 
shown to be sensitive to the presence, not only of sulphur dioxide, 
but also of many other substances. In this, the analogy with ^the 
oxidation of phosphorus appears to be very close, and hypotheses 
as to the mechanism of inhibition of the latter phenomenon have 
been put forward which may be applied here (e.gr., BackstrSm, 
Medd. K. V^maJcapaaMd, Nobd-Inat,, 1927, 6, No. 16). All contain 
in essence the idea that “ active molecules are produced in limited 
numbers, and are essential for the maintenance of the luminous 
oxidation. The molecules of the inhibiting substances are supposed 
to be able to deactivate such molecules, and so to hinder the reaction. 
In the case of the oxidation of sulphur this explanation caxmot yet 
be put in more precise terms. 

The author wishes to express his gratitude to Professor H. B. Baker, 
F.R.S., for his interest and advice throughout this research. I#^fe 
also a pleasure to thank Professor A. Stock for the opportotff!^; 
afforded to the author of stud 3 dng the vacuum technique 
laboratory in Karlsruhe. ' The 'researoh waS 
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CCLV . — The Constitution of Magnesium Acetate 
Solutions, Part XL Evidence from Vapour 
Pressures. 

By E. A. Goode, Noel Stanley Bayuss, and Albert Chbkbtjry 

David IIiv3ett, 

In order to explain qualitatively the relations between concentra- 
tions and viscosities, freesung points, and conductivities of solutions 
of magnesium acetate in water, it has been su^ested (J,, 1926, 1063) 
that at high concentrations there is considerable polymerisation of 
the j^t molecules. This association may reasonably be attributed 
t^^lielate ring formation where the megneinum atom exercises a 
Go^iordination number of four, and chains (strai^t or branched) of 

indents extent are built of the unit ^Mg<r[Q — ^ q !!> • 

l^yf^enoe bearing on this point has now been obtained from a oon- 
sid^tiPE' the lowering of the vapour pressme of water brought 
ai^out by solution of the salt. For this purpose it was necessary to 
work at a fairly low temperature (25° was chosen), Giough this 
greatly increased the difficulty of accurate measurement, At 
hi^r i^peratures the tendency to association is decreased, and 
znSguesium acetate falls.pore nearly into line with most other salts. 

Exteeimental- 

■jThodffw-point method of Gumming (J., 1909, 95, 1772), as modi- 

(Proo. B&g, 8m., 1920, A, 97, 44), was 
adpftedi its .obvious advantiiges, being the rapidity with which 
laeaeiiEments; pan l^e made and the ummportance of dissolved or 
ent^n^ed air in the solution. With the more viscous solutions, 
olhe>^ methods would have been as mapplicahle as McBain found 
bq iqt soap solutions. The sUver tube A (Fig. 1), on which 
the .defjf depoeuted, was highly polished, the final polishing being 
done with chamois leather and levigated rouge. MoBain’s device 
of dipping part of the tube in boiUng water was used. The dew then 
deposits only on the part which has not been dipped and can be 
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sharply detected at the boundary. It would seem that dipping 
removes nuclei, such as traces of dust or polishing material, which 
are necessary if condensation is to occur. On a very highly polished, 
undipped tube, it is often difficult to obtain condensation at aU, but 
if the tube be hdd for an instant in hydrogen chloride fumes, the 
necessary nuclei are produced at once. Water was circulated 
throuf^ the silver tube from a reservoir heated or cooled as required. 
Temperatures in the tube and in the surrounding bath (T, lig. 1) 
were read to O'Ol®. 

McBain’s procedure, which is suitable for solutions at or near the 
boiling point and having a vapour pressure of the order of 600 mm., 
was not satisfactory with such low vapour pressures as those exam- 
ined at 25°, the complete range of which was from 19 to 25 mm. 


Ito. 1. 



Thus there was an uncertainty of several tenths of a dsgn^ in the 
dew point as determined for pure water asklfor Some test sdlurtions 
of potassium chloride : nor was thsacouraay haparoved eariupstit^ 

the apparatus." Bidbab^ with ao little iVi^ot»'tt)and'ilih»>tahe the 
rate of diffusion was insuffioient. If, however, a current of satimat^r 
air was circulated through thd s^yrtetSS, the accuracy was greatly 
increased, and differences in successive determinations of dew point 
were reduced to a few hundredths of a degree. The mean of five 
measurcipents of each solution was taken. ‘ 

lig. 1 indicates the arrangement adopted. Three saturators, 
of the type S, contained the solution on which the determinarihhjwas 
required. They were separated from one another hy a huhmii^ , 
and a metal coil, 0^ all immersed in the thermostat, T, 
neoted as shown'with the deposition vessel, D, ipto whih^^ H^Ml 
silver tube, A, with'its circulating system,'- It 
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to place any solution in D, as the slight splashing on to A tended to 
obscure the observation. 

With a current of laboratory air it was impossible to get satis- 
factory evidence of condensation. This was no doubt due to the 
fact that it carried with it impurities like sulphuretted hydrogen 
which acted upon the dipped silver surface and formed condensation 
nuclei, thus destroying the contrast between dipped and undipped 
areas. The trouble was eluninated by passing the air first through 
a sulphuric acid bubbler and then through a soda-lime toWOT. We 
acknowledge our indebtedness to Professor E. J- Hartung for much 
help in making this apparatus effective. 

The success of the method depends upon attainment of complete 
saturation of the air stream with respect to the solution. Great 
care must be taken to prevent ingress to the apparatus of traces of 
water or water vapour. 

In making observations, the temperature of appearance of the 
vapour could be determined much more accurately than that of 
disappearance. Test measurements with pure water and potassium 
chloride solutions diowed that if the temperature of appearance was 
taken as the dev^ point, the error in the vapour-pressure determin- 
ation was of , the order of -O-OS mm. : hence this, and not the mean 
of the teniperatures of appearance and disappearance, was recorded 
throughout. . 

Concenipbtions of solutions were determined after dew-point 
measurmnents by evaporating with sulphuric acid a known weight 
of solution from the last saturator, and weighing the anhydrous 
magnesium sulphate obtained. They are expressed as g.-mols. per 
1000 g. of water (Jf,). 

Table I gives the results. In the first column is Jf*; in the 
second the temperature of the bath and solution (Tb) ; and in the 
fourth that of the dew point (Td) ; whilst in the third and fifth are 
the vapour pressures of pore water (Pb and Pn) at these temper- 
atures, taken from the tables of the International Bureau of Weights 
and Measures. 

Table I. 



Tb. 

Pb- 

Pb. 

Pb. 

1 - Pd/Pb. 

04186 


23*67 

24*66® 

22*90 

0*028 

0-800 

26*00 

23*62 

24*42 

22*73 

0*034 

l-02tt 

24*08 

23*60 

24*18 

22*40 

0*047 

1-206 ‘;'- 

2m> 

23^62 

23*78 

21*86 

0*071 

1-060. 

- .24*09 

23*61 

23*13 

21*03 

0*106 

l-'TM 

26*01 

23*64 

22*88 

20*71 

0*120 

2-70S 

26*01 

23*64 

21*73 

19*33 . 

0*179 

3-430 

26*06 

23*60 

21*61 

19*06 

0*192 

3-846 

26*00 

23*62 

21*58 

19*11 

0*187 

4-331 

25*01 

23*54 

22*16 

19*83 

0*168 

4-66 

24*99 

23*61 

22*60 

20*36 

0*134 



IVCA-GNESniM ACETATE SOLUTIONS. PAET H. 


1963 


Discussion of BesvMs. 

In discussing results such as these, it is not justifiable to use the 
vapour-pressure lowerings as a basis for calculating molecular 
weights of the solute, since, apart from all question of applicability 
of the gas laws, to do so ignores the fact that the second component, 
water, is by no means a simple substance, and its behaviour, no less 
than that of the solute, will affect the vapour pressures. It is best 
to look at the figures from the point of view of Raoult’s law. If 
this holds, 1 — Pd/-Pb gives the mean molar fraction of the solute 
at each concentration. The values obtained experimentally are 

0 *: 

0-; 

0 -; 

0-; 

0- 


0- 


quoted in the sixth oohann of the table and they are plotted against 
Jlfv in ourye ABCD of I^g. 2. For comparison, curves E and E 
give the molar fractions calculated on the assumptions that the 
solute particles are simply Mg(0aH8O2)a and the solvent (E) 
or BEgO (E). Lastly, the curve G shotre 1 — Po/jPb for magnesium 
chloride calculated from values obtained by extrapolation to 25° 
of Tammann’s figures for vapoui-pressure lowerings (Ijaaidolr^ 
BSmstein Tabellen, 5th edition, p. 1386). The contrast 
acetate is very marked, just as it has been found to be in.itfiiler!’ 
physical properties; - 

The “ molar 'fraction ” 1 — Po/Pb represeantsthu' 



Fio. 2. 



0 1 2 3 4 6 

ilfw. ■ 
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the number of entities of magnesium acetate or its derived products 
(hydrates, poi^unerides, or ions) in a given solution and the sum of 
■ this number plus that of the free solvent entities. What the latter 
are, vre do not know, but to assume that the molecule is is 
probably less incorrect than to take it as HgO. In any case ;the 
qualitative argument is not greatly affected. In dilute ml^t^ 
(A, Kg. 2) the relatively high value of the molar fraotioi). giv^]|y) 
the vapour-pressure measurements is undoubtedly, idt):#) s^iiHDly to 
ionisation of the salt and consequent increase of the num^iaator in 
relation to its value calculated on an assuj^tion of. ^e presence 
of molecules only. The degree of ionic dissociation decreases as 
concentration increases, so the gradient is not maintained ; but after 
about Jfv = 1- (B) there is a steady rise which one may assume to 
be due to a continuous decrease in the denominator of the molar 
fraction consequent upon the removal of solvent molecules to form 
hydrates. No doubt such hydration occurs from the beginning, but 
in dilute solutions the effect on the denominator will be relatively 
small. In any case it will be hi ;^e same direction as the ionisation 
effect. Presumably the water (Urjhether as single or double molecules 
or as chains) attaches itself to the Idg radical through the oxygen 
atom (aotihgf qS ^donm: of electrons) to the extent irequired by the 
co-ordination ,nthnber of the ion, which may or may not be also 
attaol(ed.to^iaoetate radicals. With magnesium chloride, this con- 
tinueB;'BteaCu|y to high concentrations, but with the acetate a coimter- 
inffu^ne of some kind overcomes this hydration effect at C (M^ 
about 3*f^), the curve passing through a maximum. After this 
point it falls off rapidly, and at D (Jf* = 4-6) it has even omne below 
the molar fraction calculated on an assumption of the presence of 
imdissociated molecules of anhydrous salt and onfy. Evi- 
dently some cause has reduced the numerabtor, or increased the 
denominator, of the molar fraction, or both. 

A simple explanation is that at iliese higheir cohcentrations of 
magnesium acetate, polymerisation begins to dominate the situation ; 
addbcl ndolecules ’link up witii (Others to form Complexes of the 

iut^lpt^main^ ^]fiCg<^>Mg<J^]i% in which the 

OD'dndiaalidn number of four is satisfied by two ordmary 
aitiavelar^ctsisllsfdrory (tbe respective atoms contributing 

and. two to the doubly bound oxygen atoms of 
ot^fiaedtate aitidlcalB {oiygen here contributing both electrons to 
thh odvalent bond). When this occurs, any water previously bound 
will be set free, and so we should get diminution of the numerator 
as the result of polymerisation, and inorease of the denominator as 
the result of this freeing of previously bound water. Magnesium 
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chloride cannot form similar rings and chains, so that with it the 
hydration effect oontinnes unchecked as concentration increases. 

The vapour-pressnre evidence for magnesium acetate thus sup- 
ports the view deduced from viscosity and other properties (Zoc. 
cit.). Lithium acetate, but not potassium, is similar to magn^um 
acetate, as will be shown later. The property of polymerisation in 
i^e way suggested would be expected to appear in the initial rather 
than the later members of periodic groups. 

UmvBBSixv or MbiiBoubne. IBeceitmi, Jum ifft, 192S.] 


COLVI. — The Addition of Halogens to Unsalurated 
Acids and Esters. Part I. The Addition of 
EquimoUcuh/r Mixtwres of Bromine and Chlorine 
to Cinnamic Acid and its Derivcdives in Non^ 
hydroxylic Solvents. 

By Hobmact Wuxiaim: Hakson and Thomas Camfbhix James. 

Thebe is no direct physicochemical evidence for the existence of a 
chlocMe of bromine BrQ, either in the li(3[uid or the solid state 
(Compare Keostejn, Z, anorg, Chem., 1907, 63, 365; Lebeau, Compit 
hdt Biany oases aice on record showing tihat'a 
BsixtErO’ o| ibrbnsint. (Mod Ohlorine, dished in a suitable solvent; 
b<jhiavesr towards etbytoio coiapounds as thou^. sat Jeasb soBlie, 
broadae chloride, capable of reacting as a Bubla^e of sneh, iwesse 
present. For instance, the addition ol the nlixed hactogeiaE'iii^ 
hydrochloric aoid solution to several eldiylenio hydrooarbcHis Itas 
been accomplished, the addition products being termed cldMO^-' 
bronudes ” {Simpson, JSvU. doc. ciim.; SI, 409; J;, W< James, 
J., 1883, 43, 37 ; BeL^pineandViUe, Compt. read., 1920, 170,’1890). 
Further, the last-named atr&mrobtaihsd indications that an e^ui- 
molecular mixture of dry bromine and ebtenne at 0° ts much sadre 
reactive towards etiiylene than mther of its constituents separaMy. 
By employing a chloroform solution of the mixed halogens, Walden 
(JBer., 189?y 30;i2883) acMeved their simultaneous addition tomakib. 
{mhydridey the product being chlorohronaiOtucainio ashydrade.- ' : b--'. > 
By allowing a aolutwoi of the mixed halogens in kydrodliloiinfi»id4 
to react whh. cinnamm toid, Erl^onmyer 289^, 

obtained, along wildr u-bimnestyzeiie. and phenyl binm(^dBaHi9l|m^ 
add, about a 50% yield ti-m add which he puKve^to 
a-bromo-B-uheBvlifeiiai eMi l sieiiidi. feiTlai4j^^ 
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addition products, m., the two pairs of externally compensated 
stereoisomerides corresponding to the formulae 

OeHg-OHOl-CHBrOOgH (I) and CeH^-CHBrCHaCOaH (II). 
The structural isomerides having these formulae and melting at 182® 
(I) and 184-5® (II), respectively, have already been described (Glaser, 
Arnmlm, 1868, 147, 78; Erlenmeyer, 1896, 289, 269). 

In the present paper, the addition of equimoleoular mixtures of 
bromine and chlorine, dissolved in carbon tetrachloride or chloro- 
form, to cinnamic acid and some of its derivatives is described. 
The products of the addition to cinnamic acid have been found to 
be two acids, both possessing the structure 06B[5-CB[01*CHBr*C02H, 
melting at 182° and 75°, analogous to the cinnamic acid dihalides 
(higher-melting) and aZfo-dihalides (lower-melting), respectively, and 
therefore stereoisomeric. The structure of these acids has been 
established by an examination of their behaviour when treated 
with two equivalents of methyl-alcoholic potash. This treatment 
caused elimination of a mixture of hydrogen chloride and bromide 
from both acids — ^no detectable substitution of methoxyl for halogen 
occurring — ^and the consequent production of the corresponding 
monohalogenocinnamic acids. The acid melting at 182° evolved 
39% by weight of the available hydrogen bromide, and 61% by 
weight of the available hydrogen chloride, the products of this 
elmunation being a mixture of acids from which a-bromo-, a-bromo- 
gZZo-, and ^-chloroaZZo-cinnamic acids were isolated and identified. 
The isomeric acid melting at 75° evolved 16% of hydrogen bromide 
and 84% of hydrogen chloride, the only product isolated being 
«-bromocinnamic acid. These results demonstrate that the acids 
are stereoisomerides having the structure 0gH5'0H0I-CHBrOO2H. 
Further evidence in favour of such a structure is afforded by the 
fact that a specially prepared specimen of oc-ohloro-p-bromo*p- 
phenylpropionic acid proyed to be isomeric and not identical with 
the higher-melting (182°) of these acids, in that it evolved hydrogen 
bronoide only, to the extent of 96% by weight of the available 
hydrogen bromide, when similarly treated. 

These results are in conformity with those obtained from the 
oinnaiiaic acid dihalides. It is well known that a-hydrogen and 
p-h^ogen split off from these acids in preference to the alternative, 
and also that hydrogen bromide is evolved from the dibromide more 
readily iitan hydrogen chloride from the dichloride. The ultimate 
result,in'lhe“ easo of the various chlorobromo-P-phenylpropionic 
aeids Vilmld be' due to a combination of these two factors. The 
nature of the products of elimination harmonises with the conclusion 
that the configurations of the higher- and lower-melting addition 
I^oducts of “ bromine chloride ” to cinnamic acid are analogous to 
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bhose of the oinnamio acid dihaJides (higher-melting) and tMo- 
lihalides (lower-melting), respectively. 

Begarding the relative positions in the molecule taken up by the 
component atoms of “ bromine chloride ” when this combines with 
oinnamio acid, the general rule relating to the addition of diatomic 
molecules is obeyed, the more negative (i.e., the chlorine) atom 
attaching itself to the ^-carbon atom. 

That the rate of addition of “ bromine chloride ” to cinnamic 
acid is considerably more rapid than is the case with either of the 
pure halogens has been shown by a series of kinetic experiments 
similar in method to those described by Williams and James (this 
voL, 344). In this case the reaction is bimolecular in type and there 
is no inhibition period. Corresponding experiments have been 
carried out with certain substituted cinnamic acids and esters, and 
in every case examined “ bromine chloride ” has proved much more 
reactive than bromine alone, the reaction generally being of the 
bimolecular type. 

Modem theory regarding the interpretation of addition reactions 
(see Lowry, J., 1923, 123, 832 ; Norrish, HM., p. 2008) postulates a 
process of unsymmetrioal activation, of both the unsaturated 
molecule and the addendum, which precedes or accompanies such 
reactions. The oinnamio acid and bromine molecules in this 

activated state may be represented thus : OaHg'OT— OH’OOjH and 

Sr-Br, the bromine molecule breaking up, not into two neutral 
atoms, but into two ions. Since the rate of addition of bromine to 
cinnamic acid and its derivatives is generally slow^ thetionisation 
in solution of the former probably occurs to a^jteated-^xteat. i - . 

Experimental evidence points to the conclusion that if a eoihpouad 
of bromine and ohlorine — “ bromine chloride ” — does exist, it must 
undergo dissociation in solution to such an extent that it escapes 
physicochemical methods of detection. If-— and there is no eviden(» 
to the contrary — ^this dissociation is ionic in nature, then the mole- 
oules in solution undergo almost complete disruption into the ions 
Br+ and Cl", which, being in the activated state, combine rapidly 
with oinnamio acid. The final interaction between these ions and the 
activated cinnamic acid molecule would amount merely to a 
neutralisation of oppositely charged ions, the ohlorine ion becoming 
neutralised by, and uniting with, the ^-carbon atom; a sinular 
reaction occurring between the bromine ion and the a-carbon 
atom. 

ExPHBIMBNTAL. 

A fiii^ di^ed ffiC^elE^on of cinnamic acid in earbOttVi^^llil^ 
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the same solvent of an equimolecular mixture of bromine and 
chlorine. Complete addition had occurred after exposure to dull 
lij^t for 4 days. The ■white po-wdery product, after filtration and 
ciifystaUisation from chloroform-carbon tetrachloride, melted at 
182° as described by Erlenmeyer Qoc. cit.) (Found : Br, 30’9 ; Cl, 
13-5. Calc, for CgHgOaOBr : Br, 30-3; a, 13-6%). 

The filtrate after removal of this product yielded on evaporation 
a thick, colourless oil which solidified in a vacuum. After crystal- 
lisation from li^t petroleum the substance consisted of small 
colourless prisms, m. p. 75°. Analysis and the reactions described 
below indicate that it is stereoisomeric with the substance melting 
at 182° and is therefore the lowmr-melting {aUo-) ^-cKlotQ-ck-bromo- 
^-pkmyl^opmtic acid, CjHj’CHCl'CHBrCOjH (Foxmd : Br, 
30-9; a, 13*2. C^gOaCLBr requires Br, 30-3; Q, 13-6%). 

In a series of experiments carried out under the conditions 
described, the proportion of the higher- to the lowetrmi||tiipg prqdigict 
was approximately 1:3. 

The isomeric a-chbro-^-bromo-^-phenylpropionic acid was pre- 
pared by converting oiimamio acid into its ohlorohydrin (compare 
Read and Andrqwi^ J,, 1921, 119, 1774), and replacing the hydroxyl 
bromine by means erf concentrated hydrobromio acid 
(Olns^i Anna2em, 1868, 147, 78). The distinction between this acid, 
m. p, 184'5'’> and the acid described above, m. p. 182°, hw been 
established by Erlenmeyer (he. cit.). 

The action of methyl-alcoholic potash on these three acids has 
been investigated, under conditions which would extract one 
equivalent only of hydrogen halide. About 0-6 g. of i each acid was 
warmed with exactly 2 equivalents of alhaU on a-*BUter-batb, the 
alcohol being subsequently evaporated. The retadues ■were dissohred 
in water a^ acidified with dilute nitric acid, the pMtupitated 
oxganio acids ■were filtered off and washed, and tlm filtrate was 
aaudysed for chloride and bromide. ■ The resnlts indicated that the 
fttHowii^ proportions of hydrogen cUorWe and hydrogen bromide 
were ckhcacted : 

Add, m, ‘p. % Hd extracted. % HBr extracted. 

. Isa* ■■•< 61 39 

• 7f W 16 

184<6. 0 96 

't ' ■ , ‘ ^ ' 

i®#,P 5 od 5 j 9 %of'^iC 6 « were isolated in experiments oon- 

Add, m. p. 182°. The aoid (7 g.) ■was dissolved in methyl alcohol 
and ■teeated mth methyl-akoholio potash (2 equivs.). The solvent 
■^ evaporated^ the residue taken up ■with water, and a sUght excess 
of ilO% 'hrxintn chloride solution added (compare Sudborough and 
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Thompson, J., 1903, 83, 673 ; Sudborough and James, J., 1906, 88, 
107). After 3 hotirs, the sparingly soluble barium salt Tras removed 
and this and the filtrate -were treated separately -with dilute acid. 
The sparingly soluble salt yielded 1-3 g. of acid whioh on reorystal- 
lisation from benzene had melting point 131® and proved to be 
a-bromoeinnamio add. The filtrate gave 3-6 g. of acid of low melt> 
ing point from whioh by fractional crystallisation from chloroform 
and light petroleum were isolated (1) a-bromoal2ooinnamio acid, 
m. p. 120°, and (2) ^-chloroollooinnamio acid, m. p. 131 — 182°. 

Add, m. <p. 76°. 6 G. were treated as above and yielded 3-5 g. of 
«-bromooiimamic acid (m. p. 131°) as the only recognisable product. 

The results of kinetic experiments are summarised in the tables. 
Table I gives the values for the bimolecular velocity coefS.oient 
k=llt .xla{a—x), based upon time (t) in hours and concentrations 
(a and x) in g.-mols. per litre for “ bromine chloride,” and for 
comparison Table II gives results for bromine alone un<i^ similar 
conditions. 

The substances examined were (1) f cinnamic acid, (2) f a-methyl< 
cinnamic acid, (3) o-methoxycinnamate, (4) 

o-methoxyisQcinnamate, (6) * oe-bromo-o-methoxycinnamio acid, 
(6) * »-methoxyoinnamio acid, and (7) f methyl m-methoxymn- 
namate. 


Sub- 

1 

.2 

A 

4 


Table I. 


2-83— 2-07 
2730—2032 
6682—4412 


6 124(0-038)— 69-2 (2-61) 

6 4166 (0-016)— 922 ( 

7 248--182 


104 

2-61 

2382 

6009 


Table II. 

Temperature 0°. .. 

' Mean k. t X;iinits of k. Mean k. 

■ m 

13‘S!fO*fJ7)i^-4t(»4S7) ‘ ■“ 

44-9 , .TTr, ; , 

— , ... 0-168-0-123 , 0i-m 

— i4-2 (ei-ey • ■ 

190 ■ ’ 1-24—0-715 . if09i 

The figures in parent)»esi6 depot® th® time (^ hpurs) at wfelcJi the 
value 0 $ it is i^t yrhioh, prece^ t^mp, . Jn sublL.oases t)be reaotipn is 
not bimolecular and 1; varie® ^t^.f.,. . 

The value of tlie velocity ooefficimt lor the addition ic^ d^lorljpe to 
oinnppnc acid under similar conditiops wps found to be 


An equunolepulsir 9M;xture of bronidPa.and.ehikcn(ipe,ijd^^ ^ 
basbop tetraobioride, has been found to repot additiyelyrvdtiib oiP' 
-imp^PiJld^.hromipenhknide, were such a coippmiud Pidfi’OD.t, the 

• o'* ta cblordfomi as solvent. 

' f solvent. 
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product of addition being the two stereoisomerio g-chloro-a-bromo- 
p-phenylpropionic acids. 

Such a bromine chloride solution has been shown kinetically 
to react at a far more rapid rate with cinnamic acid and some of its 
derivatives than bromine solution itself. These phenomena appear 
to be readily explicable along the lines of modem polarity theories. 

One of us (N. W. H.) desires to express his indebtedness to the 
Department of Scientific and Industrial Research for a mainten- 
ance grant. 

The Edwabd Davies OHEMiOix Labobatoeies, 

University Coixboe of WAiiES, 

Aberystwyth. [Received, May llth, 1928.] 


CCLVII. — St&ric Hindrance in Reactions of 8vhstituted 

Quinoxalines. 

By Gbokgb Maodonald Bbnkbtt and Gbevasb Hbwitsob Wuxis. 

Ix has long been known that a methyl group occupying the a- or the 
y>-position to the nitrogen atom of a pyridine or quinoline nucleus 
possesses a high reactivity towards aldehydes and other reagents, 
which in the ^-position it does not possess. The methyl groups of 

2 : S-dimethylquinozaline, are each in the a-position 

with respect to one nitrogen atom of the heterocyclic nucleus, but 
each is at the same time in the ^-position with respect to the second 
nitrogen atom. It therefore seemed possible that these methyl 
groups would be of the non-reaotive or at least Of a less reactive type. 
The observation that in this dimethylquinoxaline both methyl 
groups have a high reactivity of the kind speoified was of sufficient 
interest to warrant' a detailed study. 

We have examined the behaviour of 2-methyl-, 2 : 3-dimethyl-, 
and 2:3: 6-trimethyl-quinoxalines, 2-phenyl-3-methylquinoxaline, 

2- b6nzylquinoxaiine, and 2-p-methoxy- and 2-p-ohloro-benzyl- 

3- phenylqumoxalin^S^th a numb^ of aldehydes and with bromine. 
The 2 : S-dhrietibyl l^iise has also been condensed with ethyl oxalate. 
. ikltihon^ a quantitative comparison was not practicable, it is 
dear that 2 : 3-dimethylqumoxaJine reacts with aromatic aldehydes 

^ prox a s^e^the same ease asdoesg uinaldiTia . Thereaotivity 
the dmultaneous effects of general and alternating 
pIsSstf'i^ittOEiCeer Polarisations leading to reaction are possible if 
a meihyl group is placed a- to a nuclear nitrogen atom and the 
second nihrogen atom does not interfere with this. Its general polar 
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effect •will in fact tend to increase the reactivity of the molecule. 
The experiments of MUls and others (J., 1922, 121, 2724; 1926, 
127, 2466) indicate that the polarisation in question here may 
proceed as far as complete tautomeric change into a more reactive 
isomeride, Erom this point of view it is not surprising that Lap- 
worth and H^ginbotham (J., 1922, 121, 2823) found no reactivity 
in the methyl groups of m-methoxytoluene and 3 : 6 -dimethoxy- 
toluene and that we similarly failed to induce reaction between 
an aromatic aldehyde and m-dimethylaminotoluene. A possible 
reactive tautomeric form cannot in -these cases be formulated. 

It should, however, be pointed out that even if this reactivity of 
the methyl group arises only where tautomeric change is possible 
it does not follow that completed isomeric change precedes reaction. 
The activated molecule which reacts may, in fact, occupy an inter- 
mediate position between the methylene base -NH'ilCHg and the 

methyl base -N; 6 *CH 3 . In the closely analogous case of keto- 
enolio tautomerism, where the enolic forms are known to be more 
reactive with bromine than the keto-forms, the experiments of 
Leuchs (Ber., 1913, 46, 2435 : compare Robinson, J., 1917, 111, 963) 
indicate that complete enolisation does not precede the reaction. 

The products of condensation of 2 : 3-dimethylquinoxaline with 
aromatic aldehydes are distyrylquinoxalines (I), but in the reactions 
■with certain aldehydes such as o- and p-methoxybenzaldehydes and 
m-nitrobenzaldehyde a monostyryl derivative was isolated in place 
of, or in addition to, the other. The formula (II) ms a conceivable 
alternative to (III) for these substances, but the latte? is Tjn^dpubtedJy 
correct, since the products decolorise cold solutions of "brominp 
permanganate. Moreover, the substance ixopx »»-nitrobstjz^d5^de 
was sho-wn to react further -with the nitroraldehyde with production 
of the distyrylquinoxaline of type (I), a reaction which points' 
conclusively to the formula (m). 


(I.) OgH^C 


■N:Q*OH:OHAr 


•TOCHIOHAr 


C,B., 


(II.) 

•NlC-OHa-^ 


Condensation 'with benzaldehyde and piperonal was best brought 
aj^out 1 ^ heatii^ tke mixture to the ,b<»Udng point in the fs^bsei^ of 
oataiystB, but m ail, other cases the reactants were heated ix 
m acetic a^ydride for a few hours. A comparison;,' 

bdaBrion r o f some fifteen arofoatic aldehydes -with the 2 ' 

^t the nitco-grovffl 

by 
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easilji^ isolated, as they crystallise directly from the reaction mixture. 
2 : S-Dimetibiylquinoxaline furnishes upwards of 60% of the 
calculated jdeld of product when condensed in acetic anhydride with 
0 -, m-, or p-nitrobenaaldehyde, 2 : d-dinitrohenzaldehyde, or o- <* 
p-chlorobenzaldehyde. In particular, p-nitro< and 2 ; 4-dlnitrO- 
benzaldehydes are convenient reagents for detecting the reactive 
methyl grtiUp of a base. There is little doubt that these aldehydes 
will react equally readily with other heterocyclic bases, and we have 
confirmed this in the case of three substituted quinolines. 

On the other hand, the products from the three methorybenz- 
aldehydes were obtained in lower yield. Although this may have 
been partly due to the greater difficulty of their isolation, there oaU 
be no doubt that the methoxy-aldehydes react more slowly. More- 
over o-methoxybenzaldehyde yielded solely the monostyryl deriv- 


ative (in ; At = CgHi'OMe). This compound decolorises cold 
solutions of permanganate and bromine and yet was recovered 
unchanged after a second heating with o-methoxybenzaldehyde. 

It is thus deai^ that the reaction of 2 : 3-dimethylquinoxaline 
proceeds easily with most substituted benzaldehydes, including 
those widi a nitro-group or a chlorine atom in the o-position, yet the 
S^d6nd‘ stage pf the reaction is inhihited when an o-methoxy-group 
is p^ent. If this effect were soley due to steric hindrance, the 
nitro-group would be expected to have at least as great an infiuenoe 
as the methdxy-group. We Suggest that the explanation is to be 
fopiid hi the polar oh^cters of the various atoms and groups and 
in' the fomos of attraction and repulsion which arise between them. 
It is known that nitro-compounds are able to unite with bases, 
union presumably taking place between the nitro-group and the 
nitrogen atom of the base, and an attraction must therefore exist 
between a nitro-group of the mono- or di-nitrobenzaldehyde aind the 
‘xlffa^geii atom of the quinoxaline. Direct confirmation of this was 
obtained by the isolation of a “ molecular “ compotmd, 


OioHio]Sr8,20,H8(NOa)a'aHO. 
from the two reactants in a case where high ^ 
found. This is of mterest as affor(|^,e''^^|(| 
the reacting molecules as 
it appears probable that 









is of mterest as affor^^^^^^^^^ y H^lfflion of 
bable tl^^^^^^^^^^^m^to-group to tihe 
_ M. (^nsequently the latter 

’*me®iyl group 

second mded^ iff o-nitrobehzaldehyde will 
,^£'Sinfiar force operating between the second nitrogen 
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atom of the base and the nitro-group of this aldehyde so as to keep 
this nitro-group also away from theregionof reaction, andadi(o-nitro- 
styryl)q[umoxaline results. 



The force which is involved in the condensation with o-methoxy- 
benzaldehyde, on the other hand, should be one of repulsion between 
the methoxy-g^oup and the basic nitrogen atoms. The reaction 
is therefore slower and the monost 3 uylquinoxaline first produced 
tends for the greater portion pf the time to adopt a spatial arrange- 
ment such as (V). Access of a second molecule of the aldehyde to 
the remaining methyl group of the base will now be very difScult. 
If further reaction W'ere to take place, the adjacent nitrogen atom 
would tend to force the methoxy-group of this aldehyde molecule 
into the space around the methyl group already crowded in (V). 
The second stage of the reaction is thus completely arrested by a 
steric hindrance depending for its operation on the polar nature of 
the groups involved. 

' In oirder tc test this conception we examined the reaction of thb 
quihoxaline with o-iodobeuzaldehyde. The iodine atom is knoTihi 
to have a laf ge steric effect in such reactions as the esterification 
of acids, bat it had the saxpe type df general polar ^ect as .the 
nitro-group and might be expected to have a similar attrbeiiohLfbr a 
basic nitrogen atom. Experiment confirmed the expectation 
steric hindrance would therefore be absent, for a good yi^ 
di{ 0 -iodostyiyl)quiaoxaline was isolated.' 

The effect here ditoussed is seen tp.be a true steric hindrance, 


although its operation may depend on the^control.of configuration 
by polar forces. The appOreiat dterio hiinuax^ Of 'a''reacti.(m‘]Wy 
aride fik>m at least ti^ dtstfOct' ^udes^ m^ely (a) ^e dbadc 
hindrahee, (6) the induehce fofiher. I^an' steric) of the bihddtihg 
group on the'reactivity of the active group, (c) direct phenr^AdldOh 
groups of the kind suggeas^Tby Si(!^wiek and 

The distinction betweCKi these toy bbhnoOr- 
fix. Soto' dasOs, and a polar force may, as ai^e 
iiWwOd In effeOts of type (a). A’di 
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The variations in reactivity recorded by Dyson, George, and Hunter 
(J., 1927, 436), however, are apparently due to efiects of type (6) and 
not to steric hindrance. 

A less extended series of experiments with 2:3: 6-trimethyl- 
quinoxaline served on the whole to confirm the conclusions arrived 
at with the dimethyl base. The third methyl group is not in a 
position to be reactive, but it shows its presence by a distinct 
increase of reactivity in the other two methyl groups. The 6-methyl 
group no doubt exerts an effect on the nitrogen atoms similar to that 
which causes m- and p-toluidines to be stronger bases than aniUne. 
The nitrogen atoms of the q[uinoxaline consequently cause a, some- 
what greater activation of the 2- and 3-methyl groups. 

The base 2-ph6nyl-3-benzylquinoxaJine was included in our study 
because the methylene group of the benzyl group seemed likely to 
show an enhanced reactivity due to' the attached phenyl nucleus 
(compare Skraup and Bohm, B&r., 1926, 59, 1007). Substituted 
benzyl bases could easily be prepared by the method of Malkin and 
Eobmson (J., 1926, 127, 369), but we found that neither the benzyl 
nor the p-methoxy- nor p-chloro-benzyl bases reacted at all under 
the conditions of our expenments. The reaction is here inhibited 
by the combined steric hindrance of the phenyl radicals in position 
2 and in the benzyl group of position 3, for we obtained good yields 
of styryl derivatives feom 2-phenyl-3-methylquinoxaline on the one 
hand and from 2-benzylquinoxaline on the other. That a single 
o-methyl group exerts little or no steric hindrance in this reaction is 
shown by the easy condensation with 2 : 3-dimethylquinoline. 

Through the kindness of Dr. F. M. Hamer, who supplied us with 
a specimen of the quinoxaline of cycfopentadione, we were able to 
examine this base also. It reacts readily with aldehydes, although 
markedly less rapidly than the 2 : 3-dimethyl base, 

have the structure 


The methiodide of 2 : 3-di3Di:^hylg.uinoxalhM; 'was prepared in 
order to test its capacity to.nnde:^. condensations similar to those 
of quinaldine methiodide. XJnesgpacta^ difficulty was found in its 
pre|ia]ation». 9niy.teamon% sd first produced, , . Subse- 

qi3©Diyy,a'g^;a^i^ of obtained by he?d4ng 

|ieffi^f^,,m^h;0;iodide. It is possible that this 
■ 1 in some other cases of recorded 

ijjj^^tnted qninazolines ; Bogert and ^ ’ 
46, 1294). The methiodide^ 

",^th nitrosodimethylaniline, but the ' 
pphlfi solids which it was foimd impossible ‘to purify, 
showed no reaction between the ,i(§cthiodide and 
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quinoline methiodide in alkaline solution to yield a dye of the 
isocyanine type, nor with formaldehyde present to give a carbo- 
oyanine. 

The bromination of these quinoxalines was studied under the 
standard conditions of heating the substance at 100® in acetic acid 
with bromine and sodium acetate. 2-Methylquinoxaline yielded 
the expected co-tribromo-compound analogous to that obtained from 
quinaidine. In other cases, steric hindrance supervened, 2 : 3-di- 
methylquinoxaline being converted into a tetrabromo-derivative 
which resisted further bromination. This may be compared with 
the tetrabromo-compound from o-xylene (Gabriel and Muller, Ber*, 
1896, 28, 1830). It has the symmetrical structure (VI) and not the 
alternative (VII), for on hydrolysis with silver acetate it is converted 
into a substance giving an immediate precipitate with jp-rnitrophenyb 
hydrazine. A similar steric hindrance is apparent in the &>imation 
of the dibromo-derivative (VIII) from phenylmethylquinosalme. 


r TT r-FT^^-9- 


CSHaBr 


^N:g.CHBra 

*'^N:CPh 

(vni.) 


When bfiiusyl* aad ohlorobenzyl-phenylqtiinoxalraeB were sub- 
jected to libe same reaction, the products isolated were free from 
bromine, and were MentiEed as the acetoxy-oompounds (XX) and 

evidently have been produced by the 

ir^S^y^olf of a monobromb-ccK^pbund with' '^l^ 
present. The bromo-oompound (Xl}i must thus 

intermediate product, would have a paribi<^u^ly i^eaotive btbml^ 
atom similar to that of dipheuylmet^r) bromide. 


(!]S). Taesa (mbstances mtist 


■) 0A<S 


•N:6CHPhBr 




t . 1 ^ :: ^-Dimethyi^uiuoxalizie reacts .with eth^ palate,' . iUv . ^e 
pntsaSfee. of either sodiuin or> jpcftassissm' ethozid^ (compare nM 
nsaeticmsf itt^ilNddine by Wislkenusi 1^-. 

tP' yi^ 

^^fugjWge .cd rwl^^ j® ooiifinned bF 

il;|l^-did-uc>t react wh^ am^j^tf> 


.f: 

3 T 
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EXFEBIJiIEKTAIi. 


Preparation of the QumomlineB . — ^The method of Bottcher [Ber., 
1913, 46, 3084) for preparing 2-methylquinoxaline was modified 
as follows : isoNitrosoacetone (37 g.) and o-phenylenediamine (44 g.) 
were boiled in a mixture of hydrochloric acid (16 g. ; d 1’19), glacial 
acetic acid (25 o.c.), and water (76 c.c.). The resultant mixture was 
made alkaline and benzoylated by means of benzoyl chloride (60 g.)- 
The product was removed in a current of steam, and the distillate 
extracted with ether. The extract was dried over anhydrous 
sodium sulphate, the ether removed, and the residue distill^ in a 
vacuum. The substance had b. p. 118®/16 mm. (yield, 13 g. or 46%). 

2 : 3-Dimethylquinoxaliae was obtained from methyl ethyl ketone 
through the isonitroso-compound (compare (S-abriel and Sonn, Ber., 
1907, 40, 4860), the latter being used in the form of the crude oil 
which separates on acidification of the alkaline reaction mixture 
(yield, 70%). 

2:3: 6-Trimethylquinoxaline was readily obtained by a similar 
process. 

2-Phenyl-3-methylquinoxaJine (Auwers, JBer., 1917, 50, 1182) was 
not detected in the products of interaction of isonitrosopropio- 
phencme and o-phenylenedianune, but was prepared by heating the 
diketone (Smedley, J., 1909, 95, 218) and the diamine together in 
ethyl alcohol for 4 hour. 

Benzylglyoxal was prepared as described by Dakin and Dudley 
(J. Biol. Ohem., 1914, 18, 42), except that the presence of any large 
amount of dibenzyl was avoided by preparing the magnesium benzyl 
chloride as recommended by Gilman and Myers (J. Amer. Chem. 
8oc., 1923, 45, 2462). Hydrolysis of the acetal |bi f . 'l3l‘‘/4 nun., 
148 — 161°/18 mm.) from 20 g. of diethoxyanet^peridi^ 3 rii|£l^ 
once the practically pure benzylglyoxal oS tn. p. 117-^18® '0%^g.5. 

2-Bem,ylcpiinoxaMn6 was ob^^e^ ab 4 dtubk dil, which ^ not 
solidify, by heating benzylg^lyoxal and o-phenylenediamine (1 mol.) 


for 20 minutes in ethyl alcohol. The picrate forms yellow needles, 
m. p. 117®, from ethyl alcohol (Found; N, 16-9. 
requires N, 16-6%), 

Phenyl p-im&ti)^-p-Mor&i^yrylIiiaorie, Hi*0O‘C(OMe):CH‘0jH^Gll, 
wab obttSiiedfr^ iu-methd^acetophenone (4-6 g.) by condensation 
wttl^^aiyi^fcvi^iensHddehyd^ and was isolated as an oil, b. p. 238°/16 
wkkblsblidified on keeping and was crystallised 


petroleum (Found: 01. 13-0. OieHisOgCl 

Diketone. — A solution of the foreg^^^ 
ftbitaMie (2 g:)iii abetio acid (9 o.c.) and concentrated hydro'br(tec 
a^ (4 0 . 0 .) was heated until the yellow solution acquired a greenish 
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hue; it was then cooled and diluted. The product (1*8 g.) was 
isolated by means of ether and recrystallised from light petroleum ; 
m. p. 86“ (Found : G, 13’4. CuHijOgG requires G, 13'7%). 
This substance differs from the correspondiug methoxybenzyl com- 
pound (Malkin and Robinson, Zoc. cit.) in not being appreciably 
extracted from its ethereal solution by aqueous alkalis. 

2-'p-ChJ<>tvbenzyhB-phenylqumoxaline . — ^The diketone condensed 
with o-phenylenediamine in alcoholic solution to yield this quin- 
oxaline, but a more convenient mode of procedure was as follows : 
To the solution obtained by heating phenyl p-methoxy-jj-chloro- 
styryl ketone (6 g.) in acetic acid {22g.) andhydrobromicacid{10o.c.), 
as previously described, o-phenylenediamine (2 g.) was added, and 
the mixture boiled with addition of ethyl alcohol until a homogeneous 
solution resulted. Crystals of the quinoxaline separated as the 
solution cooled, and after recrystaUisation from ethyl alcohol had 
m. p. 142° (jield, 6-6 g.) (Found : G, 10-6. C2iHi6NjG requires 
G, 10-7%). 

Phmyl p : Z-DimetJuxxystyryl Ketone . — ^The product from 
w-methoxyaoetophenone (27-2 g.) and m-methoxybenzaldehyde was 
an oil of b. p. 246°/18 mm. (27*8 g.) (Found : 0, 76-5 ; H, 6-0. 

requires 0, 76-1;' H, 6-0%). Hydrolysis of this with 
acetic and hydrobromic acids yielded a pinkish solid which, after 
being crystallised from light petroleum, melted at 176 — 180° 
(deoomp.) when rapidly heated. This svistanee was not the expected 
diketone but apparently a pol3nneride, which did not react with 
o^|dienylenediaxaine and was not further investigated (Found : 
0,.76*6; H, 5-7; Jf, 474. CieHiiOg requires C, 76-6 ; H. 6-6%; 
M, 254). 

CoTidensation of 2-MeiJtylqainoxaline with AUedvydee.—iD. each 
case a solution of the base (1 mol.) and an aldehyde (1 mol.) in aeetio 
anhydride (6—6 mols.) was boiled for a certain period of time ; the 
product separated in the crystalline condition on cooling. 

2 : 4-Dinitrobenzaldehyde gave 2- (2 : 4-(i;iwi«roB^»yi!)gwi»o?arf»ne 
(yield, after 1 hour, 80%), ’which was recrystallised from hot 
aqueous acetic acid ; m. p. 219 — 220° (decomp.) (Found : N, 17‘6. 
C18H10O4N4 requires N, 17*4%). 

2-o-Nitrosiyrylqm7U3xaMne, formed from o-nitrobenzaldehyde 
(yield, after S hours, 78%), crystallised from toluene in pale yellow 
needles, m-. p. 166° (Found ; N, 16*1. CigHnOaNj requires N, 15*2%). 

^-m-NitmiipryilqUnoseaiim, from m-nitrobenzaldehyde . (yidd, 
after 4 hours, 68%), crystallised from equal volumes of Itenzene and 
petroleum (b. p. 60 — 80°) in almost colourless needles, m. p. 109«6° 
(Found: N,l6-3%). ' . 

2~P‘Mtrostyrylf»inoa!aMm,.i^ p-nitrobenzaldehyde (yidd, 
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1 hour, 66%), orysbailised from toluene in pale yeUow needles, 

m. p. 200“ (Pound : N, 16-3%). 9 

The base appeared to react ■with benzaldehyde, but the product 
was not obtained crystalline. 

Coni&nsaiwn, of 2 : S-Dimethyl^mossaline wiffi 

2 : 3-Dimethylquinoxaline was boiled in solution in exoesarof benz- 

aldehyde for 2 hours. On cooling, 2 : S-distyrylqmnosAMm. was 
deposited as a yellow solid which crystallised from a mixtuiSi of 
equal proportions of xylene and light petrole’um (b. p. 90^120°) in 
yellow monoclinic needles, m. p. 190'6® (yield, 60 — 70%) (Pound : 
C, 86-2; H, 6-3; N, 8-6; M, 363. requires 0, 86*26; 

H, 6*4; N, 8*4%; M, 334). No monostyryhnethyi^pinKEuline 
could be detected whatever the conditions of the reaction. Oxid- 
ation of the substance in acetone solution by potassium permangan- 
ate yielded no crystalline product other than benzoic acid. The 
action of bromine in boiling chloroform produced after 3 hours a 
teirabromido, which was isolated by evaporation of the solvent and 
obtained in silvery plates, m. p. 190“ (depressed to 177“ by admixture 
of distyrylquinoxaline), by crystallisation from benzene (Pound ; 
Br, 48*1. C^Hj^aBr 4 requires Br, 48*3%). 

• 2 : 3-Dimethylquinoxaline was boded witb piperonal (1 mol.) 
in acetic anhydride (6— d mols.) for 6 hours, and the mixture dis- 
tided in a current of steam. The r^idue of 2-meth^lemdiexy8t^pyl~ 
d-kiie0tylqid*ioaxdine solidided on keeping (yield, 20%) and 
erystedisation from benzene-light petroleum and agsi^ iesM 
ihethyl alcohol was obtained in lemon-yellow needles, m. p. 160“ 
(Pound; N, 9*5. CigHi 402 N 2 requires N, 9*7%). When, the 
heating was prolonged, a trace of a substance of higher meltingpoint 
was observed among the products. This was pr^paxed^ip^tity 
by boiling 2 : 3-dimethylquinoxaline with an ex<ieseh(^i|fp|Kbalfw 
4 hourSv removing the latter in boilii^ water, and crystallisong the 
crude solid product from ethyl alcohol. 2 : Z-I)%{me0^lmedioxy- 
Mtflyi)qmn(mdm6 was then obtained in yellow monoclinic needles, 
m.|). 208“ (yield, 30%) (Pound : 0, 73*8 ; H, 4*4 ; N, 6*8. CggHigOgNa 
requires C, 73*9 ; H, 4*3; N, 6*6%). Addition of zinc chloride to 
•the reaction mixture in this preparation did not improve the yield 
and made the purification less ea^. 

in 'tibte following preparaticms the base (1 mol.) and the required 
aldehyde (1 inol.) were heated in boiling acetic anhydride (6 — 6 
mols.) for varying periods. The mixture was distilled in a mmrent 
of steam, and the residue dried and crystallised. 

The product obtained with m-nitrobenzaldehyde aftev-fi houm’ 
heating was fractionally crystallised from benzene. The larger and 
more insoluble portion was reciystallised from this solvent and 
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2 : 2-di[ia.-nitrostyryl)quinoxaline obtained in small yellow bi- 
pyramids, m. p. 237° (yield, 10 %) (Fomd: C, 67-8 ; H, 3-8; N, 
13-3. O 24 H 1 JO 4 N 4 requires C, 67-9; H, 3-8; N, 13-2%). The 
smaller, more soluble, fraction was 2-m-nitrostyryl-Z-ine^kptin- 
oxaiine, which crystallised from aqueous methyl alcohol in almost 
colourless needles, m. p. 184° (yield, 1 — 2 %) (Pound: C, 70-0 ; 
H, 4-4 ; N, 14-6. Ci^HujOaNa requires C, 70-1 ; H, 4-6 ; N, 14-4%). 
This substance rapidly decolorisedsolutions of potassium permangan- 
ate and of bromine. When it was heated in boUiag acetic anhydride 
with m-nitrobenzaldehyde it was converted into the foregoing 
di(«i-nitrostyiyl)quinoxaline of m. p. 237°. 

The oily product from p-methoxybenzaldehyde, after 7 hours’ 
heating, solidified on keeping. It was separated into two fractions 
by means of methyl alcohol. The less soluble portion waS 2 ; 3-i*(p- 
m^1ioxifstp‘yl)guiinoxaline, which crystallised from light petfbletutn 
(b. p. 90 — '120°) in ydlow needles, m. p. 163° (yield, 10 %) (Pound ; 
N, 7-3. CggHaaOjlTa requires Pf, 7-1 %). The more soluble fraction 
wks 2-p-m^hoxystyr^Z-meffiyiquiii<mxiine, which crystallised in 
rosettes of yellow needles, m. p. 122 ’ 6 ° (yield, 10 %) (Pound : 
N, 10*3. CijHigONa requires N, 10-1%). 

The following preparations were carried out as before, except that 
molecular proportions of aldehyde were used. 

2:Z’Si{m-in^h(Xiiy8tyryl)qumox(dine was obtained with 
m-mothoxj^tizaldehyde after 4 hours’ heating and crystallised 
frcto tithyhakMStiriiHyellow prisms, m. p. 126° (yield, 10%) (Found : 
N, W'- 'G!agE^(!lpl|'«>quWs N, 7‘1%). 

2-o-Jfef%oaya^yry^3>itiS%l{^MdMt^Ws traS isolated with some 
difdculty from the reaction ■ypth o-methoxybenzaldehyde after. 6 j^ 
hours* heating. It was extracted in light petroleum, and crysfaQi/^ 
from methyl alcohol in microscopic yellow crystals, m. p., 112 ° 
(yield, 1—2%) (Pound : N, 10-1. CigHjjONa requires N, 10-1%). 
This compound rapidly decolorises solutions of p^nnanganate.and of 
bromine. It was recovered entirely unchanged aft^ behi^ ^eiHied 

• ) • ' ' 1 • A ft- ...'kit M >t t t . t < 



1970 


BENKETT AND WILLIS I STEBIO HINDBANCE 


aldehydes distillation in steam was unnecessary, as the product 
crystallised when the mixture cooled. 

2 : 3-Di(o-nitrostyryl)qmnoxaline (jdeld, after 3 hours, 80%) 
crystallised from benzene in star-shaped groups of needles, m. p. 
194*5'». (round : N, 13-6. requires N, 13*2%). 

2 : Z-Di(j^-nitrostyryl)quimxalim (yield, after IJ hours, 76% 
crystallised from nitrobenzene in deep yellow crystals, m.p. 288® 
(decomp.) (Found : N, 13*3%). 

2-(2 : 4:’‘DinUTostyryl)‘Z-methylquimmUne (yield, after 1 hour, 
80%) separated from c^dohexanol in orange-yellow crystals, m. p, 
224 — ^225® (decomp.) (Found : C, 60*6 ; H, 3*4 ; N, 16*9. C17H12O4N4 
requires 0, 60*7; H, 3*6; N, 16*7%). This substance rapidly 
decolorised solutions of permanganate and of bromine. The only 
product isolated after oxidation with potassium permanganate 
in acetone solution was 2 : 4-dinitrobenzoic acid (m. p. 177 — 179®). 
It was found possible also to produce the above compound by 
condensation in glacial acetic acid, or in xylene in the presence of a 
trace of zinc chloride. On the other hand, molecular proportions 
of the base and dinitrobenzaldehyde in solution in benzCne were 
found to yield, after the expiration of 10 days, a considerable quantity 
of crystals of m. p. 96 — ^97®. Admixture with a little of the base 
lowered the m. p. Fractional crystallisation from light petroleum 
yielded the quinoxaline and the aldehyde. The substance is, in 
fact, ^nudditi<mc(mipm7id of the base and the aldehyde, decomposed 
in hot petroleum. The variation of m. p. with composition of a 
mixture of the two substances shows the compound to contain 2 
molecules of aldehyde to 1 molecule of base : 


Binitrobejazaldehyde (mols. %) 

100 

97-6 

76 

ee'-'f 

52-4 

M. p 

7V 

71® 

76® 


^ 80*6® 

Dinitrobenzaldehyde (mols, %) 

60 

47-C 

33-3 

26-0* 

0 

p. .. ... .I,* a ... a a ............. k ... 

72® 

■ 74® 

81’ 

88® 

100’ 


In view of the direct formation of a di-(2 : 4-dinitrost3rryl) deriv- 
ative from 2:3; 6-trimethylquinoxaline (p. 1972) it seemed likely 
that an analogous compound would be formed from the 2 : 3-dimethyl 
base. The isolation of the above monostyryl derivative might be 
accounted for by its relative insolubility and its consequent removal 
from the reaction by crystallisation. This was confirmed as follows. 
The 2 : 3-dimethyl base, heated for 8 hours with the dinitro-aldehyde 
(3 mols.) in an excess of acetic anhydride, furnished 2 : S‘-di{2 ; 4- 
dinitroatyryl)quim)xalim (yield, 76%), which crystallised in brown 
needles from hot nitrobenzene and melted at 296 — 297® (decomp.) 
(Found : C, 56*1 ; H, 3-0. requires C, 66*0 ; H, 2*7%). 

2-(2 ; 4 : Q'TnnitrostyryiyZ’Tmthylquinoimliw (yield, after 1 J 
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hours, 26%) crystallised from cycZohexanol in broTO crystals, m. p. 
250—261° (decomp.) (Found: C, 53-6; H, 3-0. C^HnOgNg 
requires C, 63*6 ; H,2'9%). 

2 : S-IH{o-ehl<>ros^/ri/l)^imxcdine (yield, after 2 ^ hours, 60%) 
crystallised from benzene in long,, yellow needles, m. p. ISO-^® 
(Found : 01, 17-6. CMHigNaOlj requires Q, 17-6%). A careful 
search gave no indicationof thepresenceof any monostyryl derivative 
among the products of this reaction. 

2 : 3-I)*('“>^-cSiofostyrj/?)gwi«o®a?i%e (yidd, after 6 hours, 30%) 
was obtained solid with difficulty; the product was distilled in 
steam, purified by means of ethyl alcohol, and crystallised from light 
petroleum, forming yellow needles, m. p. liO® (Found : d, 17’6%). 

2 : Z-IHIjp-dUorostyiyl)quinoaxM'ne (yield, after 2 ^ hours, 60%) 
crystallised from benzene in small, star-shaped clusters of needles, 
m. p. 218° (Found : Q, 174%). 

2 : Z-IH{o-ioiosAyryl)quvmadim (yield, after 5 hours, 40%) 
crystallised from light petroleum (b. p. 90 — 120°) in pale yellow 
plates, m. p. 179° (Foimd : 1, 434. requires 1, 43-3%). 

No crystalline product was isolate when condensations were 
attempted between 2 : 3 -dimethylquinoxalme and dimethylamino- 
benzaldehyde, chloral, oinnamaldehyde, phenylacetaldehyde, benzil, 
glyozal, phthalic anhydride, p-nitrosodimethylaniline, Michler’s 
hydrol, orsanthydrol. 

Oondemation of 2:3: Q-TnmeGtylgpiinoaxdine wi(h Aldehydes , — 
The base was boiled with benzaldehyde in excess for 2 hours; 
2 : crystallised from the cooled 

reaction mixture (yield, 81%) and by recrystallisation from xylenC 
was obtained in small, yellow needles, m. p. 193° (Found : N, 8^3. 
C 25 H 10 N 2 requires N, 8-3%). 

The following condensations were carried out in acetic anhydride, 
and the products worked up as described on p. 1968. 

2 : 3-IH{meiJiylenedioxystyryl)-Q-rne^lquitiox(dim (yield, after 4 
hours, 10%) was crystallised from dilute alcohol ; m. p. 168° (Found : 
N, 6 - 6 . C 27 H 20 O 4 N 2 requires N, 64%). 

2-Tp-Me&uxBystyryl-S : Q-dimeffsyl^p/dmsmline (yield, after 5 hours, 
1 — ^ 2 %) separated from methyl alcohol m small yellow crystals, 
m. p. 116° (Found : N, 9-8. C 19 H 18 ON 2 requires N, 9*7%), and 
2 : 3-dii^p-fm6iaiey^yryl)-6me^lgumox(^^ (yield, after 10 hours, 
16%) in yellow needles, m. p. 136° (Found : N, 7*1. C27H240]^2 
requires N, 6'9%). 

• 2iZ-JH(^i4rdimeihfesoyi^yryl)-^meffi/l^lguwoxaUne (yield, ai%a5t6 
hour^ 6 %) separated, from light petroleum (b. p. 
orange-yellow crystals, m, p. 206° (Found : . N, 6-1. 
requires ?>=; 
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In the follomog prepaxations steam distillation was dispensed 
with, as the product crystallised from the cooling reaction mixture. 

The product from m-nitrobenzaldehyde (after 6 hours’ heating) 
was separated into two portions by means of benitene. The less 
soluble portion was 2 : 3-di(m-»itro«<y»^Q-6-mct%Zgtt*nosBaKne,whioh 
was crystallised from cyctohexanol; m. p, 244-6® (yield, 10%) 
(Found : N, 12-9. OasHigOjlTi requires N, 12-8%), The more 
soluble portion was i-vx-nibroatyryhZ : Q-d4m^yl^i7U>asalim and was 
crystallised from H^t petroleum; m. p. 166® (yield, 1— -2%) 
(Found : N, 13-6. OigH,B0^8 requires N, 13-8%). 

2 : 3-Z>i(2 : it^miirostyryl)-Q~riw^vjfig^^ (yield, after 1^ 

hours, 80%) separated from cycZohexanolin orange-yellow ©rystalB, 
m. p. 261 — ^266° (decomp.) (Found: 0, 67-0; H, 3-4; N, 16-7. 
CgaHieOjNe requires 0, 66-76 ; H, 3-0 ; N, 16-9%)- 

Condensation of S-Phewyl-2-inethylgmmoxdline with Aldehydes.— ‘ 

The base was heated with boiling benzaldehyde (4 mols.) for 1 hour. 

1- Siyryl-B-phesiy^piihoxcdine crystaUised as the mixture cooled 
(yield, 90%) and separated, on reerystallisatkoL from ethyl alcohol, 
in pale yellow needles, m. p., 149® (Found : IST, 9-3. 
requires Hy 9*l%)ti 

.! 9»p>tN^hree^^l*Z.^hmyiquimxa^^ was prepared from the base 
and p-hlirobemald^yde ki acetic anhydtide (yield, aftar 2 hours, 
80%). It crystallised from benzene-li^t petroleum in bri^t yeUoW 
nee^esi ta." pit 283*^ (Found: N, 12-1. requires N, 

ll»9%).^ 

! 24(a : 4-i3tn»triMi^Z)-3-p%eny2gutn0axil»ne (yield, 90%) separated 
firomHght petroleum in yellow needles, m. p. 216° (Found : ISf, 14-1. 
requires N, 14-1%). 

JSehaviow of PlmyJbenzylguinoxaline with 
substaneas were recovered imohanged when S-pht^VSvbinl^^l'' 
quinoxaline andp--nitrobenzaldehydfi ; 8-phenyl-2«pi-a!iei&ca7bUu3^‘< 
^umdxalinS and p-niixo- or 2 : 4-diQitro'-baaaaMet^e;. 3->phenyl- 

2 - p-ohlorobenziylqumoxalin 0 aUd i p>4iitro. or 2 : 4-dinitro-benz« 
aldehyde or dirnethylarninobeimld^yde were heated together for 
6— ^10 hours in boiling acetic anhydride. The phenylohlorobenzyl- 
quinoxalins was Unaffected by boiling With baozaldehyde for 3 hours. 

Condehaliiok of ^‘■Beney^ptin^izaUm wiffi Aldehydes. — ^The crude 
beni^lquinoxs^e Washeated with an excess of p-mtrobenzaldehyde 
in boiling aoetiO inhydiMe for 6 hours. 

2-('^PJwnyl‘p-mtrostyryl)qui7ioaxiHne separated from the cooling 
mixture (yidd, 1-2 g. feom 1-4 g. of beu^lglyoxal). It crystallised 
from ethyl alcohol in pale yellow needles, m. p. 149® (Found : N; 
12-0. CyiigO^Ng requires N, 11-9%). 

Oondensation of the crude base with dinitrohenTialdeb^de (7 hours’ 
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heating) yielded a trace of a crystalline product, m. p. 261—262®, 
which was insufficient for analysis, but was probably the oorrespond- 
ing 2-{^~phenyl-2 : 4:-dinUrosiyryl)qmnoxaline. 

CondmscUion of Quiiwxalinooyolopentam with AldeJiydes . — 
Quinoxalmocyciopentane was converted by heating in boiling 
benzaldehyde for 2 hours into the dibmgylid&ne derivative (yield, 
40%), brownish crystals, m. p. 213®, from ethyl alcohol (Found : 

N, 8-4. CjBHigHa requires H, 8-1%), and by beating with j>-nitro- 

benzaldehyde in acetic anhydride into the di-p-mtr<Ae7izyUi$n6 
derivative (yield, after 1 hour, 86%), which crystallised from hot 
nitrobeazene in yellow needles, deoomp. 268—270® (Found: N, 
12-8. requires IST, 12*8%). This base also condensed 

rapidly with 2 : 4-dinitrobenz;aldehyde, but the product was bo 
insoluble that it was impossible to purify it. 

Co>ndmmtiQn of Some Quinoline Sases with 2 : i-Dmitrobenealde- 
hyde . — ^The products were obtained eiystalline in 60—80% yield in 
1—2 hours’ heating. Quinaldine srielded 2- (2 : i-difvUrosiyryl)- 
quinoline, crystallising from benzene in pale yellow needles, m. p. 
200® (Found : N, 18*1. 0i7HiiO4Ng requires N, 13*1%). 2 : S^Di- 
methylqtunoline was converted into 2-(2 : 4e4initrostyryl)-8-m£ihyl- 
quindme, erystaUising from benzene in bright yellow needles, 
m. p. 198® (Found : 0, 64-5 ; H, 4*6. 0i^i8O4N8 requires 0, 64*5 ; 
Hi 3*9%); 2 ; S-Dimethylquinolinfi gave 2-(2 : i-dmitro^/ryl). 

crystallising from benzene in brown needles, p. 
267® (^i^; jg,jB4*6; H, 3*7%). The same base, heated MeSajess 
oi' &* ,&■ hosuBS, ww» iM»iOT»rt|Bd ihto 

crystals, m. p. 102®; froib l^ht (PeH^^ 

O, 88-2 ; H, 64. CigHisN rCquiresiG, 88*2; Hv 6*1%). * ’ 

Condenaation of 2 : 3-DimethylqUinoxali7ilt with Mhyl 

To a suspension of sodium ethoxide (2 mols.) in dry ether, mited with 
a little xylene, was added an ethereal solution of 2 ; 3-dimethyl- 
quinozaline (1 mol.) and ethyl oxalate (2 mols.). At the ^ of - 12 
hours a pale yellow colour had 'developed and traces of a solid itere 
to be seen separating. After 4 werics, the aocomulated solid -was 
colkoted and wariied thoroughly with dry ether. It erystallised 
from aoetio acid or ethyl alcohol in o 3 mge>-yellow needles, m. p. 129® 
(yieldi 2*5 g. idm. 4*7 g. of baw). This was eihyl%^meihylqidnoaHjliiiteii 
(Foxmd : 0,66*6; IS, 6*6. Ox^HigC^g requires 0; 6&t2; 
H, 6*6%). When potassium ethoxide was substituted for aadhm 
cSAoxide in the pr^aration (coihpare Wislioenus, Her., 1909| 
1140K %B>prid was improved (3*2 g. from 4*7- g. of ba«ie).*i,*®iKji 
p-id^ophen^Jliydrmme crystallised in lOJiahge needles, m, 
from e^by^aleohol (lbimd':lP^l'841, 
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After djmethylquinoxaluie had been kept ■with amyl nitrite and 
sodinm or potassium ethoxide for 12 days, no condensation product 
could be detected. 

BrommaMon of the Quinoxaline Bases. — ^2-MethylquinoxaJine, 
brominated as described by Hammick (J., 1923, 123, 2883), yielded 
an oil which solidified 2 days later. After several reorystaUisations 
from ethyl alcohol, 2-a-trihro7nomdhylquin(mtlsM ■was obtained 
(yield of pure substance, 10%) in pink plates, m. p. 109® (Found ; 
Br, 62*7. C 9 H 5 N 8 Br 8 requires Br, 63*0%). 

2 : S-IMmethylquinoxaline, brominated with 6 molecular pro- 
portions of bromine under similar conditions, gave a quantitative 
yield of 2 : S-M{ti^‘-dibromome(hyl)fuinoaxdine, which crystallised from 
glacial acetic acid in colourless needles, m. p. 228® (Found : Br, 66*9. 

requires Br, 66-96%). This substance was recovered 
unchanged after boiling in glacial acetic acid for 1 hour -with a large 
excess of bromine. When this compound was boiled in glacial acetic 
acid solution with silver acetate, the halogen was remov^. The 
resultii^ solution gave a precipitate with p-nitrophenylhydrazine 
which was sparingly soluble in the common solvente and could not 
be obtained pure. The di-aldehyde was too unstable to be isolated 
by evaporation even under reduced pressure in an inert atmosphere. 

Bromination of 3-phenyl-2-methylqumoxaline gave Z-phenyl- 
2r(ii-‘dS)ro7mme£hytgpdnoxaline (yield, 90%), which separated from 
light petroleum in clusters of needles, m. p. 148® (Found : Br, 42-1. 
Oi 8 HioN 2^2 requires Br, 42-26%). 

• To 3-phenyl-2-benzylquinoxaline (1-6 g.), dissolved in glacial acetic 
acid containing sodium acetate (2-3 g.), was added bromine (1-6 g. ; 
2 mols.) in a little acetic acid at 70®. After the reaction had been 
completed on the water-bath, the product obtained on pouring the 
mixture into -wUter proved to be 3-phenyl-2-phenylaeetose^m£h!fi-- 
(yield, 90%), which crystallised from light petroleum in 
odidurless prisms, m. p. 126°. It was free from halogen and after 
hydrolysis gave a test for acetic acid (Found : 0, 78-3 ; H, 6-3. 
requires 0, 78-0 ; H, 6-1*%)- 

3-Phenyl-2-p-chIorobenzylqumoxaline underwent a aiTnilna- 
change 'With bromine and scMiium acetate in glacial acetic acid 
solution, gi'vn:^ in quantitative ydeld the bromine-free product, 
^-phesiyl-2-p-eMoivphenylacetoxt/fn^ylgpiinozciiine, colourless prisms 
from light petroleum, m. p. 119° (Found t Q, 9-4. OasHi-OaNjOl 
requires Cl, 9*1%). 

3-Phenyl-2-p.me<lioxybenzyiquinoxaline did not react with 
bromine under similar conditions to the above, nor when the reaction 
mixture was boiled for 1 hour. 

Action of Methyl Iodide on IHmeihylquinosKdine. — When 2 ; 3-di- 
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methylquinoxaline was heated at various temperatures with methyl 
iodide (2 or 3 mols.), no crystalline product could be isolated, nor 
could the methosulphate be obtained by means of methyl sulphate. 
However, the base, heated in a sealed tube at 90° for 6^ hours with 
methyl iodide (10 mols.), furnished a monomeihiodide (yield, 80%) 
which crystallised from ethyl alcohol in greenish-yellow needles, 
m, p. 192° (Pound : 1, 42*6. CnH^^Ngl requires I, 424%). Addi- 
tion of sodium hydroxide to the aqueous solution precipitated an oil 
which could not be obtained crystalline. 

The methiodide was boiled in ethyl alcohol with benzaldehyde or 
nitrosodimethylaniline and a trace of piperidine. In each case a 
brilliant colour change occurred and a black solid was precipitated, 
which, however, was insoluble in all solvents including phenol, 
nitrobenzene, c^cZohexanone, and acetic acid. 

We are indebted to the Research Fund Committee of the Chemical 
Society for a grant which has partly defrayed the cost of this 
investigation. 

The University, SHEmBLD. [Received^ May 1928 .] 


CCLVIII . — The Relative Reactivity of Methylene 
Groups in 1 : S-Diketones. 

By EnwrarD Lovbtt and Elwyn Bkjbbets, 

Ito i»rie^nt inveistig&tSori 'w&a design^ to discover wMch methyl^e 
group, in a diketone of the geiiisfsd formula CS^R'OO'CHa’OOR', 
would be the more reactive as regards condensation with aldehydes. 
Btllow and Grotowsky (Ber., 1901, 34, 1479) assumed that in 
w-phenylaoetylaoetophenone, CH,Ph*CO*CH 2 ‘^OPh, the methylene 
group adjacent to the benzoyl radical was the more reactive 
towards nitrous acid and diazo-compounds. Different ald^ydes, 
however, behave very differently towards phenylacetylaceto- 
phenone in presence of piperidine ; for instance, benzaldehyde and 
cinnamaldehyde give resins, but salieylaldehyde readily condenses 
in alcohol or benzene solution. Since the resulting o-%droajy6e««J/l- 
idenephen^locetylocetojjj^enone is readily convertible, in good yield, 
into acetophenone and 3-phenylcoumarin, it must have the formula 
OH-bgH^-CKCPh'OO-CHa-COPh, and not 

OH-06H4-GB[:C{OOPh)-CO-CH2Ph. 

The more reactive methylene group in »-phenylacetylacetopheu0|i!9' 
is th^efore that adjacent to the phenyl group. The 
3-phHQrlooumachi'Oanndt be attributed to an iniMftl h*gdW ^lgiii 
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giying rise to phenylaoetic apid and aoetophanone, Binoe phenyl- 
acetic acid does not condense with salioylaldehyd© Wider the saane 
conditions to give the oomaairin, J’urtherinorej the intermediate 
product on continued recrystaJlisation from a non-ailueouB solvent 
such as benzene gives a mixture in which 3-phenylooumariu 
increasingly preponderates. It reacts with concentrated sulphuric 
acid and acetic anhydride to give products of undetemdned 
constitution. 

5-Methyl, 6-chloro-, 5-bromo-, 5-nitro-, 3-nitro-, 3 : S-diohloro-, 
3 : 5-dibromo-, and 3-nitro.6-methyl-aalieylaidehydes eowSense 
with u-phenylacetylacetophenone under similar conditions to give 
substituted 3-phenylcoumarina, but in np case could the inter- 
mediate product be isolated. The yield of coumarin, except from, 
salicylaldehyde and its 5-methyl derivative, small, indicating 
the influence of substituents on the condensation. !E!rom 5-bromo- 
8-nitrosalioylaldehyde a trace only of the . coumarin, and from 
5-chloro-3-nitro- and 3 : 5-dinitro-salioylald6hydes no coumarin was 
obtained ; these three aldehydes react with piperidine to give stable 
piperidides of imdetermined constitution. Phenylacetylaceto- 
phenone and 2-hydroxy-«-naphthaldehyde in the presence of 
piperidine give, not the expected 3-phenylbenzcoumBrin, but a red 
oojMpottnd probably having formula 2-Hydroxy-a- 

naj^ti^fddahyde, however, condenses iwitii ethyl acetoacetate to 
give 3-aoetobenzoounaiarin (Knoeyepagel and SohrStter, Ber., 1904, 
37, 4484; compare Bfllow and Grotowsky, Ber., 1902, 35, 1803). 

e*-®!Opi6nyi- and butyxyl-aoetophenones and propionylacetone 
were condensed with salicylaldehyde and substituted salioylalde- 
hydes in the presence of piperidine. Resintlike j^odupts .were 
obtained from which no crystalline solid oou^ be>nsdhl^. \.-!}3B« 
effect pf the nature of the groups E, E' on tim rcaotitH^ 
ipetiiylene groups could not therefore! be .mJ^dily determined, by tihis 

.ji^pd. 

Jn all cases the coumarjns were synthesised for identification 
puipcffles. by the. Perkin reaction. The yield of ooumarin by this 
metihod was gQod> in contradistinction to the poor 3 rields obtained 
by condensation of aldehyde and ketone. 

' ' EXPBBIMINTAI. 

«-PhenyIaoetyi-, propionyl-, and butyryl-aeetopbenonas and 
propionyl-acetone were prepared by a naodifloation of OUwsmi’s 
method, a suspension c£ powdered sodium in xylene being used 
instead of anhydrous sodium ethoxide. 

Propumylcu^iophmone . — ^The green copper salt crystallised from 
acetone in needles, m. p. 161—162°. The pure ketone boUs at 
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149“/17 mm. or 151®/19 mm. Beyer and. Claisen (Ser., 1887, 20, 
2178) give b. p. 170—172730—31 mm. 

The -p-mfropMTiyPij/d/ra^icme was obtained by heating 1-76 g. 
(1 mol.) of the ketone and 1'63 g. (I mol.) of p-nitrophenylhydrazine 
at 100® for 7 hours. The product, a thick gum, when covered with 
96% alcohol and kept for 3 days, set to a solid mass. It was 
crystallised from aqueous alcohol, in which it was fairly easily 
soluble, and then from light petroleum (b. p. 80 — 100®), fine yellow 
needles (1-3 g.), m. p. 67 — 68®, being obtained (Fouid : N, 134. 
0 i 7 Hi 70^8 requires N, 13-5%). 

Pr(>pionylm!etop}im(meanil.^A mixture of 5 g. (1 mol.) of the 
ketone and 2*64 g. (1 mol.) of freshly distilled aniline 'v^ heated 
under reflux for i hour ; no more water then appeared to separate. 
Benzene extracted from the product a dark brown, mobile oil which 
deposited a solid after a few days. This, after being pressed on 
porous porcelain, crystallised from light petroleum (b. p. 40-r60®), 
in which it was readily soluble, in prisms (1*8 g.), m. p. 48 — 49® 
(Found : N, 5*7. C 17 H 17 ON requires N, 6 * 6 %). 

Condensation of Salioj/laldeJiydes with o>-PhmylacetylacetophenQne. 
— A solution of salicylaldehyde (7*6 g. ; 1 mol.) and phenylaoetyl- 
aoetophenone (14*6 g. ; 1 mol.) in 25 c.c. of absolute alcohol was 
treated with piperidine (45 drops; which produced a marked 
developm^t of heat and deepening of cobur) and heated on the 
water^bath; separated 

: The kutter was -decanted, alod the 
(18^ gi } m- p. 171^174.®) 

Beerystallisation from iBiocdsl]C»tbiai^ane’btn«s^esinftHf^ 

The yield of product depends upon the amount of pipaida^ljs^ 
the above quantity giving the maximum yMd. <- 

The mother-liquor was heated on the water-bath for a further 
hour ; 3-phenylooumarin (2*4 g.) separated on cooling. 

If the intermediate product was not isobted, it gradually dis- 
solved on prolonged heating (5 hours); on cooling, almost port 
3 -phenylooumarin (7*0 g.) separated, m. p. 140 — 141® (Found : Oi 
81-1; H, 4*6. Calc.; 0, 8 M; H, 4*6%). 

The same products were obtained on varying the moboolar 
proportion of aldehyde and ketone. 

Ethyl phenyboetate (1 mol.) and salioylaldehyde (1 mol.), On 
heating on the water-bath for 4 hours in presence of piperidine, 
gave a 16% yield of pure 3-phenylcoumarin. . st 

In the condensations of o-phenylacetylaoetophenone aDd .sa}^. 
stituted o-hydroxyaldehydes the same method was empbysiil^W 
period of heating vaiyii^ from 7 to 11 hours. In 
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cotunarin was deposited from the hot soltrtioh^ 

stated in the following table> the coumarin was 

alcohol, in which it was very sparingly soluble, 'The ;^^s 

(I) by ketone condensation and (H) by the Perkin reaction are 

given. 


Substituted 

3-pAenyZ- % % Yield. 

couifmrin. Form, M. p. found, calc. (I). (II). 

5- OAZofo- Pale yellow prisms 199® Cl, 14*3 13-8 25 40 

6- Hromo. „ 189—191 Br, 26*6 26-6 26 62 

Yellow prisms 261—253 N, 5*3 6*3 4 60 

6-MeOiyl- Pale yellow needles 146— 147-6 ^5-1 ^ ^ 

8-jri<ro- 236—239 6*8- §-3 4 66 

i-.i-DidOoro- ... Colouxless needles * 193-194-6 01,24-6 2^6.16 27 

6 ; 8-IM5ro«K>- ... „ • 186-187-6 Br, 42-8 42-ltrace 80 

6 : 8-Dinitro- Pale ydlow needles * 244 — 246 ST, 8-9 9-0 0 60 

6-CKloro-8{ l)-m> 0 ’ Yellow needles 212 — 214 Cl, 11-6 11-7 0 70 

6-Bro»to-8-»iifro- Plates f 228 — 230 Br, 22-8 23-1 trace 74 

8-NHro-6-methyl- Ydlow needles 180—182 N, 6-0 6*0 12-6 44 


. Prom acetic acid. f Prom acetic anhydride. 


3 : S-DinitrosaMc^Md^de . — ^The mixture of 3- and 5-nitro- 
saJic^laldehydes (33 g.) obtained by the nitration of salicylaldehyde 
(Ton Miller, Ber., 1887, 20, 1927) was added cautiously, with cooling 
in ioe and salt, to a mixture (IQO g.) of concentrated sulphuric acid 
(2 parts) and nitric acid {d 1-5; 1 part). After 30 minutes the 
nitration mixture was poured on ice, and the yellow product was 
washed with ice-water, dried, and orystallised three times £rom 
benzene, giving lemon-yellow prisms (20 g.), m. p. 68 — 60® (Found : 
N", 13-1. requires N, 13-2%). Its constitution was 

proved by oxidising it by alkaline permanganate to 3 : 5-dinitro- 
saJicylio acid. 

5-Chloro-S( 'i)-niiroaalicfflcddehyde. — solution of 8-1 g. of S-ohloro- 
salioylaldehyde in 100 c.o. of glacial acetic acid was slowly treated 
at 60 — 70° with nitric acid (d 1*42; 8 c.o.). The solution was then 
cooled slowly, the yellow, crystalliae product removed, the filtrate 
diluted with 100 o.o. of water, and the precipitated solid collected. 
The oombmed product was crystallised twice from light petroleum 
(b. p. 80 — 100°), from which it separated in yellow needles ( 6*6 g.), 
im p. 105 — 107° (Foimd : G, 17-4. C 7 H 4 O 4 IIG requires G, 17*6%). 
The eonstitation of this aldehyde was inferred by analogy, ainrt« 
nitrates under identical conditions (von 
Ber., 1898, 31, 3934) to give 5-bromo-3-nitro- 

sali(^dbi|d^y^. 

- Oondemedik».s^-Si-B^<»i!y^(i-m^ and a-Phenylaoetyl- 

eteidof&em»eiet^A setoHiai of •2*4 g. (1 mol.) of the ketone, 1*72 g. 
of the aldehyde, and 7 drops of piperidme in 6 0.0. of 
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absolute alcohol was heated on the water-bath for 2 hours. On 
cooling, no sqMiration of solid occurred. The mixture was then 
heated for a further 9 hours ; on cooling, a red ciystalline mass was 
now obtained. .After being washed with spirit, this crystallised 
from alcohol, in which it was very sparingly soluble (1 g. in 200 c.c.), 
in small, deep blood-red prisms (0-9 g.), m. p. 166 — 166*6“ (Pound : 
C, 86 * 8 ; H, 4*9. 027^^302 requires 0, 86 * 6 ; H, 4*8%). 

The authors desire to thank the Research Pnnd Committee of the 
Chemical Society for a grant which has partly defrayed the cost 
of this investigation. . 

Easx London Coixboe, 

XJnivbbsitv of London. [Jteeeimed, May 1928.] 


COLIX . — The Mechanism of Tautomeric Interchange 
and the Mffect of Structure on Mobility arid 
Equilibrium. Part III. The Function of Alkaline 
and Add Catalysts in the. Mutarotation of some 
Derivatives of Tetramethyl Glucose. 

By John William Babhb. 

In Part EE (this voL, p. 1683) it was shown that catalysts which 
facilitate the juototroj^c change involved in the mutarotation of 
sugars may be of : (a) timse whkh'a^^taok the ionising 

proton directly, and 

rectly. Experiments on the rof ‘ ft 

series of nitrogen derivatives of tetra-ae^yl ^ucose of types. T 
(X = Ac) sugg^ted that acids, which fall wiHiin the second category 

RHN— CH 0 CH-CHa-OX (j, 

. L[(CH*0X)3]-I 

of catalysts, function by inducing a positive charge on the nitrogen 
atom, which in turn facilitates the libAeaftion of the attached proton. 
Unfortunately, in this series of sugar derivatives a study of the 
action of catalysts of the first type, of which alkalis are an example, 
is rendered difficult by the tendency of the acetyl groups to 
hydrolysis. Such an investigation is, however, possible in the 
case of the corresponding derivatives of tetramethyl ^ucose, and 
this communication deals with the efiect 6 f acid and alkaline 
catalysts on the relative yelooities of mutarotation of a se^|»,.of 
2 >-silbstiti:ited aibiMes of tetramethyl ^ucose (type I, 

(prepared by thf dnect intepsa^Qh of the sugar and 
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the g70i3p E is Taxied. Witii ftoid eatalTsts, it is again found, as 
is tile ease in. the ooixesponduig teixa-adetyl derivatives, that, as 
the gToup B ^ varied, iiie velocity of the mutarotation rons parallel 
;wiri| the etmugths as bases of the compounds BNH 2 , viz., 


-06H;'(Me(p)>-06H4Me{p)>-CeH5>-<l6B4a(2))>-C,H^Bri^) 
a sequence which is in agreement with the prediction based on the 
mechanism previouriy suggested, but opposed to that required by 
the exteusion of a dujdex theory (Part H, foe. e^.). 

The solvent * used was one in wlueh a determination of the 
velocities of mutarotation of three of the correspoadipg derivatives 
of tetra-aoetyl glucose had already been made, and hence data are 
now available. for a comparison of the effect, on’the velopity of 
mutarotation, of structuxal changes in the non-tautomerio glucose 
portion of the molecule. By analogy with the known effect of the 
acetyl group in dimiuiridng, and of the methyl group in increasing, 

the basic .character of the nitrogen atom in K[HBr>CO*CSs and 
NHR-<-l4e, it would be expected that the anilides of tetramethyl 
glucose (A.) would be more basic m oharaotmr than the corresponding 
derivattres of tefcra-a<»tyl glucose (B), 


OHa'OMe 


'.<0H;(>>0O<Hs) 8 
:OAc 


(B.) 


wod henoe, under identical oohditions of acid oatcil 3 n 3 iB, the velocity 
of matan>tation of derivatives of ilie former should be greater than 
that of corresponding derivatives of the hbtter: The eTpedmen^ 
results givmi briow, widoh refer to the velocity of mutarotation^n 
a 0*9J/'-solution of in ethyl acetate at 95°, are in agree- 

ment with this prediction. 


^isuistikiUd mMia in O-dH-ocetfo acid in eOiyl 
=:■ •' fflcetofo'oi 35?. 

'I'lj ' Un&aoleenlw velocity ooeflSoiwit 

j r • - (a) 'DmraMrsz vt (b) Derivatives of 

. . tetrametlyl glucose. tetra-aoetyl glucose. 

■ — 

^ - 'O'Sl 

ifiifk '"v 4* IS 0*68 

> 12-0 1-68 

^ l^^i^ aoetate (but not an arrest sample) was used in the 
j. sdurion; but the eame solution was used throughout, 

m^oet mwe]^ to obtain constant catalytic conditions. 
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The results obtained for alkaline catalysis are more oompUcated and 
their interprstRi^ma. much less clearly defined than in the case of 
acid catalysis. It -would he ei^pected that the primary function of 
alkaline catalysts, -which axe included in the first class, would be 
the direct attach of the ionising proton of the sugar moleoule by the 
negative ion of the catalyst in accordance with the scheme 

iIhstr — OH- 

L[(GH-0X)83-1 

Other structural and experimental conditions being equal, the 
velocity of mutarotation based on this mechanism -will depend on 
the relative Case mth w’hich the H of the -NHR group can separate 
as a proton. This, in tiuH,- as indicated in Part 11, -will depend on 
the extent to which the group R collaborates -with the catal 3 rst 
proton acceptor. Approximate data of the order of this effect may 
be obtained from the relative strengths as acids of the compouiids 
R*C02H or R‘OH. This for the series of p-substituted anilides 
studied is 


{-C8H4Br,-C8H4Cl)>-OeH5>-Oe^4Me>-C6H4•OMe. 

On the other hand, experimentally it is difficult completely to 
eliminate catalysts of the second type, such as water and. possibly 
alcohol, which may function in an indirect manner by a mechanism 
analogous to that shown to exist in the case of catalysis by acids, 
by mduch^ a fr^liional positive charge on the nii^gcn atom. 
Such c4cai^o‘'actidn would be most effecti-ve -with, the derivative 
of the stronger bai^K the sequence, m the ^riea inidw <»mrid^tion 
bring that ^vem fof aCid bamly^'.oh ^ h| i|^Giltue 

catalysis it seems probable tibiat at Iriust two '^^iit 
mechanism may function, one of which ie most powerful -Vrm -tme 
derivative of the weakest base, the other reaching its maxim^ 
with the derivative of the strongest base, ^he superimposition ol 
these two mechanisms may therefore lead to the existence pf a 
minimum value for the velocity of mutarotation at spine inter* 
mediate point in the series. This, theory is tentati-vriy suggest^ ks 
one ssitiriaotory explanation of the experimental results obtami^. 
These refer to the mutarotation of a series of p-substitUted anilide^ 
of teiu^e^yl glucose in ether oontaiuiug a sm^ concm|tration of 
an alcoholic solution of sodium ethoxide. ' In the i^t Iwo s.eries 
experiments, the concentration of sodium ethoxuLe. -was apprpx<; 
imatriy 0-0006.^, and a small (constant but -undetenmned) qu^rity 
of -water was present. The -Values, o^.^e runinolcouliax, yri^^ 
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2-41 (hr.“i). Id. this series a wminfiiiTn value for the velocity ooefifi- 
cient is found in the case of the unsubstituted anilide. 

With the object of accelerating the direct mechanism and imped- 
ing the indirect type of catalytic action, another series of experi- 
ments was carried out in which a higher proportion (O'OOIJV^) of 
sodium ethoxide was used, and in which water was rigidly excluded. 
These measures were calculated to shift the position of the Tniinimum 
velocity to the right in the above series, so that a greater number of 
the derivatives would fall into the sequence demanded by the direct 
mechanism alone (p. 1981). The following experimental values of 
the unimolecular velocity coeffioients ccm^rm this expectation : 

-CgH;iCa,114; -OgH^Br.g-l; “CgHg,?-?; -OAMe.e-l; 

-OgHg-OMe, 14-7. C»Sntaum) 


Expbeimental. 


I. Preparation of p-Svbstitnied AnXlidea of TekcmeSiyl Ghtcoae . — 
These were prepared by boiling a mixture of tetramethyl glucose with 
an excess of the appropriate base in alcoholic solution for several 
hours in accordance with the method used by Irvine and Gilmour 
(J., 1908, 93, 1440) for the preparation of the anilide. 

•p-BromoanUide, after crystallisation from methyl alcohol, has 

m. p. 154° (Found: 0, 48*8; H, 6'1. CijHagOgNBr requires 0, 
49-2 ,• H, 6-2%). 

p-CMoroa/miide, after crystallisation from methyl alcohol-ligroin 
(b. p. 60—80°), has m. p..l41° (Found : 0, 66-3 ; H, 7-0. CigHgiOgNa 
requires C, 66*5 ; H, 7*0%). 

p-Tohtidide, after crystallisation from absolute alcph^UJpMi 
m. p. 161° (Pound : 0, 62-7 ; H, 8-0. C^H^j^OgN ; 

H,8-4%); 

p-Anisidide, after crystallisation from ether-ligroin (b. p. 40 — 
60°), has m. p. 110° (Pound : 0, 69-8 ; H, 8-0. requires 

0;69-8; H, 8-0%). 

The anilide had m. p. 136° (Pormd : 0, 61*7 ; S, 8"0. Calc. : 
0,61-7; H, 8-1%), 


n. Sdative Felocity Expenmenis.-^A) Wiffi acid catalysts. The 
solution employe^ wto OTOjj^^usiy used in the determination of 
the wlatiye y^oe|Ses of mutaro^ation pf the oorre^onding deriv- 
f and consisted of pure ethyl acetate 
d m conoentration O-QN had been added (see 



xnea^urexiSLents were carried out in a 2-dcin. silica 
* optically ground silica endplates fused on. 

]^dfeeted for temperature control, the temperature 
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readings recorded being those of the jacket. Measurements were 
made on the mercury green line, the light source being a powerful 
Kelvin, Bottomley, and Baird mercury vapour lamp. The velocity 
determinations were carried out consecutively, each series being 
completed within a few days in order to avoid any possibility of 
change in the composition of the solvent during a series of com- 
parative experiments. 

The value of [ajp was determined by extrapolation to zero time 
of the strai^t line obtained by plotting log([a]o — [«]„) against 
time. ■ Details of the polarimetric measurements are given only in 
the first set of each series. 


MvtarotcUion of tdrcmeffiyl glucoao anilides in a 0‘9K-5oZt«l^t(m of 
aeeiie add in eihyl aceMe aUt 25°. 


(a) p-Bromoanilide. Strength of solution = 0*9856 g. /lOO c.o. (0*025 g.-mol./l.). 




[a]^ = 245®. 

. k ■ 

?:?iog 

-W»(hr.-i). 

L«Ji 



t (hxs.). 

a. 

[ah 

h. 

t (hrs.). 

a. 

W5461- 

jfe. 

0°084 

4-73® 

240-0° 

0-384 

1-76 

3-33° 

168-9° 

0-406 

0-166 

4-64 

236*4 

0-388 

2-26 

3-07 

166-8 

0-402 

0-26 

4-66 

230-8 

0-386 

3-34 

2-66 

136-0 

0-397 

0-417 

4-36 

221-2 

0-408 

4-0 

2*49 

126-3 

0-393 

0-60 

4-28 

217-1 

0-409 

5-25 

2-26 

114-2 

0-394 

0-75 

4-09 

207-6 

0-380 

6-34 

2-09 

106-0 

— 

1-0 

3-89 

197-3 

0-382 

8-17 

1-99 

101-0 

— 

1-26 

3-68 

186-7 

0-392 

11-76 

1-88 

95-4 


1-60 


176-1 

0-392 

00 

1-88 

96-4 

— 


Mean 0*394 


(5) -p-OMoromilide. Strength of solution, O-BfiSfi g./lOO c.o, 
(0*026 g.-mol.A*)* [«]o = 268°. [«]„ * 100-6°. 

Mean value of k (12 observations) s= 0*464 hr."^ (max., 0*485; 
min,, 0*446). 

(c) AniU^. Strength of solution, 0*7808 g./lOO c.o. (0*026 g.- 
mol./l.). [a]o = 285°. [«]„ = 106°. 

Mean value of k (10 observations) = 1*30 hr."^ (max., 1*37 ; 
mm., 1*25). 

(d) Tg-Tdhidide. Strength of solution, 0*8256 g./lOO o.c. (0*026 g.** 
mol./l.). Wo = 272°. W« = 110“. 

Mean value of k (11 observations) = 4*12 hr.“i (max., 4*18; 
min.,' 4*04). 

(e) -p-Anisidide. Strength of solution, 0*7408 g./lOO c,o. (0*026 g.- 
mol./l.). Wo = 279°. W« = 107“- 

Mean value of k (8 observations) = 12*1 hr."^ (max., ISf;^ 
ndn., 11*6). . , 
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Summary of Aoid Oc^tilyaia. 


p-Sub- 

stituent. 

Ko. of mols, 
of anilide 
per litre. 

Biseoeiation 
oonstadit^ ' 

of ^-substituted 
aniliue as a base. 

IJnimoleoular 

velocity 

coe:^cieut, 

h. 

klAi. 

Br 

0*025 

1-0 X 10“« 

0^89 

0*89 X 101® 

Cl 


1-5 X 10-10 

0*46 

0°?1 X 101® 

H 

•• 9* 

4-6 X 10-1® 

1-30 

0-28 X 101® 

Me 

99 

11—16 X 10-1® 

4-l!g5 

0°88 X 101® 

OMe 

■ » «• 

16 X 10-1® 

12-1 ‘ 

0?77* X 101® 

(B) Wide alkaUne eatcdyata. Series II. 



Prepetition of aoluction. A 0-1^-solution of sodium etliosdde in 
alcohol was prepared by addition of the required quantity of sodium 
to absolute alcohol (calcium-dried). 1-5 C.o. of this solution were 
added to about 246 c.o. of sodium-dried ether, and the solution made 
up to 2S0 c.o. by addition of ordinary absolute alcohol (99-6%) to 
keep the sodium ethoxide in solution. The solution was therefore 
approximately 0-0006.K^ in sodium ethoxide. 


Mwiarotation of teiramethyl ghusoae anilidea in an approximcUely 
Q'OQO^-aoJ/uUon of aodium ethoxide in ether at 25°. 

(a) Ania^. Strength of solntion => 0'9976 g./lOO o.o. [a], = 274°. 




[aloo « 

163®. Jc 

log 

-W, 

ZTflJ- 



t (te:). 

0. 

Wwei* 

k. 

t (krs,). 

o. 

Wwei- 

h. 

0*067 

5*32° 

266-6® 

1*036 

M7 

3*fe4J» 

192*6® 

1*134 

0*167 

5*12 

266-6 

1-033 

1*76 

3*66 

178*4 

1*126 

0*334 

4*78 

239-6 

M09 

2*26 

3*43 

171*9 

1*106 


4*64 

232*6 

1-120 

3*0 

3*33 

166*9 

— 

> 

4*61 

226*0 

1-131 

6*0 

3*25 

162*9 


0*666 

4*30 

216*6 

1*120 

OQ 

3*26 

162*9 

, 

0*76 

4*21 

211*0 

1*116 



, 1*11 


(6) p-Tduidide. Strengthofsolution,0'9872g./1^6',f4'. (Q-(^g.- 
inoh/l;). -[otJ,= 249°. [a]„ = 163°. ’ ' ‘ 

Mean value of 1: (9 observations) = 1'21 hr.~i (faair.i ’ 1*^ ; 
mim, 1-17). ‘ 

(c) p-Sromoanilide. Strengih oif solution, X-OOG g./lOO o.o. 
(0-02» g.-mol./l.). [a]o = 289°. fa}„ 18^°. 

Mean value of k (11 obs^atioos) = 1-20 hr.“i (max., 1-26; 
niSn.-, 1-16). ■ ■ -'5 If !«>' .. 

(d) v-Okloroae^lidB. Sferengi^^^ solntion, l-OOO g./lOO c.o. 

=i=165-°. 

bbibrvations) = 1-32 hr.-i (max., 1-37 : 
^ ■Stoigfch of-sbluticm, 0'9912 g./lOO c.c. (0*029 g.- 
h (9 observations) = 2*37 hr."^ (max., 2*44 j 

21*89). 
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This Series was repeated in. the same solvent after it had remained 
in the thermostat at 25° for a fortnight. The same order of vdoeities 
was found, althongh, probably owing to the sli^t decrease in the 
concentration of sodium ethoxide present, the abaohute values of the 
velocity ooefScients were about 20 — 30% lower in each case. 

(o) AnUide. Strength of solution, 0-7832 g./lOO c.c. (0-026 g.- 
mol./l.). [a]„ = 272°. [«]„ = 163°. 

Mean value of h (9 observations) = 0-73 hr.“i (max., 0-76 ; min., 
0-71). 

(6) -p-Tohiidide. Strength of solution, 0-8248 g. /lOO c.c. (0-025 g.- 
mol./l.). Mo ==247°. M»=153°. 

Mean value of k (9 observations) = 0-98 hr."i (max., 1-05; 
min., 0-93). ■ 

(c) -p-BromomiUde, Strength of solution, 0-9809 g./lOO c.c. 
(0-025 g.-mol./l.). Mo = 241°. M. = 139°. 

Mean value of k (10 observations) = 0-80 hr.“^ (max., 0-83 ; 
min., 0-77). 

(d) p-Chloroanilide. .Strength of solution, 0*8704 g./lOO c.c. 
(0-0261^). [a]o = 267°; M- = 154°. 

Mean value of k (11 observations) = 1-00 hr.-^' (max., 1-04; 
min., 0-96). 

(e) p-Aniaidide. Strength of solution, 0-8704 g./lOO c.c. (0-026jV). 
[«]o = 261°. M» = 162°. 

M^n Value of & (9 observations) = 2-14 hr."'^ (max., 2-31 ; 
min., 2-02). 

. • > V^odiy of midarotation of idrameBtyl ghicoae 

anilidea in 0-00lN>aodi«m ethoxida in dher at 25^/ In |he first 
^Uminary of these tWQ series an appK)Niinat^'0-00i^--sob;Ltu|(|s of 
sodium ethoxide in ether was employed, but a very small .(oopert^^) 
quantity of water was present^ . Th^.aJoohol and ether wei^.both 
dried over sodium, but the rigid preoautibns to exclude water taken 
in the. next series were omitted. The results obtained are sum- 
marised below. 


Slmuith.' ’ .• <<!'. Meanvabiaof'ib* 

of (hr.“*^) 

»-SubBtitueiit. (g./l(Wo.o.). [alj. '• - (a]*,. 

O-SSiSO 280“ 137* 8-6 

H 0-9904 296 164 3-6 

Me IrOOie 264 161 2-8 

OM6 ;; ■ 1-0018 267 166 thi 

* Obtained gcapbically from the straight line obtained by plottmg t 
lbg(W.-Etf7«). ■ 

• ' - 

' . /Zn-i&e next series, the aloc^ol used was refiuxed over 
:dal^i^u3ajlil'#la;|^ amount of calcium ethoxide was f<a Beflfr ^ 
waS' tei>'# ,djy. “ 
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drying-tubes oontoiiiiiig phosphoric oxide, and, after 12 hours, 
distilled directly into a dried burette closed mth a drying-tube 
containing phosphoric oxide. The sample so obtained had 
0-7909, the value for 100% alcohol given in Landolt-BSmstein’s 
tables being 0'79074 at 18®. The sample therefore contained less 
than 0-1% of water. 

The 0-lJ^-sodium ethoxide solution was prepared by the addition 
of the calculated quantity of clean dry sodium to the known volume 
of alcohol in the burette, and 2'6 o.c. of this solution were run 
directly (avoiding long contact with the air) into about 245 o.c. of 
ether which had been dried and distilled over sodium. The solution 
was made up to 260 o.c. with a few c.o. of the sample of anhydrous 
alcohol obtained above, and was left tightly stoppered in a ther- 
mostat at 26® overnight before the first set of velocity measurements 
was taken. 


(a) p-Tohddide. Strength of solution, 0*8256 g./lOO o.o. (0*026 g.-mol./l.). 



[ a]o = 

201-. [ a ], = 168®. 

& *»^log. 

t 

1 — 1,1 — 1 

8 8 

I I 



t (hrs.)* 

a . 

Ws461- 

h . 

t (hrs.). 

a . 

W6461- 

h . 

0-084 

3-64® 

220-6® 

(6-78) 

0-28 

2-90® 

176-6® 

6-96 

0-117 

3-46 

209-6 

(5-80) 

0-33 

2-83 

171-4 

6-99 

0-16 

3-26 

197-4 

6-27 

0-6 

2-69 

162-9 

6-28 

0-167 

3-21 

194-4 

6-12 

0-68 

2-65 

160-4 

6-11 

0-2 

3-10 

187-8 

6-08 

1-26 

2-60 

157-5 


0-22 

3-04 

184-1 

6-23 

6-7 (00 ) 

2-60 

167-5 


0-25 

2-97 

179-9 

6-07 


Mean 

6-12 


(6) AnUide. Streogth of solution, 0*7896 g./lOO c.c. (0*026 g.- 
moLA*). [«]o = 290®. [«]„ = 160®. 

Mean value of h (6 observations) = 7*73 hr.“i (max., 7*79; 
min., 7*68). 

(c) p-Bromoontfide. Strength of solution, 0*9712 g./100> a.o. 
(0*025 g.-mol.A.). Mo = 269®. M« = 142®. 

Mean value of ife (7 observations) = 9*14 hr.-^ (max., 9*69 ; 
min., 8*70). 

(d) -j^-GMoromilide. Strength of solution, 0*8762 g./lOO c.c. 
(0*026 g.-mol.A.). [a3j = 270®. [«]„ = 146®. 

Mean value of k (1 observations) = 11*4 hr.-i (max., 12*3 ; 
min., 10^6).- ■ 

{i^ ^tiengdr of s<j.ution, 0*8744 g./lOO c.c. (0*025 g.- 

257!. ^..1*1, =■ 146®. 

of * (6 observations) = 14*7 hr.-i (max., 

- 

and Acid Catdlyais Ex^erimeTiis.—i-Tk will 
'lie' 4lbat the eod values obtained in the alkaline catalysis 
' 'agree amongst themselves, but are vay different from 
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those obtained in acid catalysis. This was shown to be due entirely 
to the difEerenoe in solvents used — ether in the alkaline oatal 3 rsis 
and ethyl acetate in the acid catalysis. The final, constant, value 
of a solution of tetramethyl glucose 35 -toluidide (0'8416 g.) in 100 c.o. 
of a O-OiV-solution of acetic acid in ether was « = 2'60®, whence 
Ws 46 i ~ ^ 8®°^ agreement with the end values obtained for 

this derivative in the alkaline catalysis experiments, and difiering 
from the value (110°) obtained in a O-OiT-solution of acetic acid in 
ethyl acetate. 

The author desires to express his thanks to the EoyaJ Society for 
a grant with which some of the expense incurred in this investigation 
has been met. 

Tbb XJuirmtsiTV, Leeds. [Beceiued, May 16t%, 1928.] 


NOTES. 

The Nature of the Deposit formed during the Ehdrolysis of Neutral 
and Alkaline Solutions with an Antimony Cathode. By 
JuiOTS Grant. 

Aoookding to Weeks and Druce (J., 1926, 127, 1069) a solid hydride 
of antimony (SbaH 2 ) is produced when stibine is passed into a 
of spdiom hydroxide, and the black deposit 
bell after the electrolysis of ^ch a 
solution with an antinu;^ Ga't^bode:is ascribed to the same reaction. 
In the course of some eailie# te)Sl$%atidBS {Trims. Narclday Noo., 
in the press) fifteen of these d^osits, produced undbr widely varying 
conditions, were examined. They included those produced (i) in the 
cathode compartment and on the cathode after electrolysis of 
(o) sodium hydroxide solutions (0-06 — 3N) with an antimony 
cathode, (6) solutions containing suspended metallic antimony or 
its compounds with a lead cathode, and (ii) by reduction of antimony 
compounds with nascent hydrogen. The anode was platinum and 
the current densities varied from 1 to 4 amps./cm.^. 

The deposits were fiOLtered off> washed free from alkali, and dried 
as rapidly as possible by alcohol and ether, or by prolonged desic- 
cation, and analysed by the measurement, using a Tdpler pump, of 
the volume of hydrogen from 10 mg. liberated in a vacuum at a 
Iffii^t red heat. The amount of gas obtained varied from 0*01 to 
0*26%, and was usually 0-1%, It burnt in a .manner , simi|^ <10 
hydrc^^en, but was not otherwise examined. , ’ , .tiii '5 

Since the compound SbjHg would contain 0*83% of 
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seems probable that the deposits ooofflsted of metallio antimony in a 
finely divided state, with small traces of adsorbed hydrogen which is 
removed onfy by the effect of heat at a low pressare* Further, the 
deposits resembled finely powdered pure metallic antimony both in 
appearance and in chemical properties, whereas those at Antimony 
hydride behave quite differently (Weeks and Druoe, he. cii). , The 
deposits are produced by decomposition of the electrolytic stihdne 
and not by cathodic disintegration, since they are obtained even 
with lead cathodes, and whereas the 3 deld of stibine (calculated from 
the sum of that evolved as gas and that decomposed into metal and 
hydrogen) varies regularly with variations in the conditions of 
electrolysis, the relative proportions obtained in the f6iflli‘ of gas or 
deposit are dependent only on the structure of the apparatus (Sand, 
Grant, and Lloyd, J., 1927, 378).— Sm John Cass Technical 
Instecutb, London, E.C.3. [iJeceived, May 16tA, 1928.] 


Wii'-Diphenyl-o-pMri^hiiediim^ifiA^ :]^y (Shahles Stanlbv Gibson 
and John Dobnet Andbew Johnson. 

FitOht o-eiininOdipheaylamihe and iodobenzene in boiling nitro* 
benzene S^Utioh, Wiekhd and Muller (Ber„ 1913, 46, 3303) obtained 
a substance, m. p. 162'6®, which they described as 
o*pfaenyfeafidiamiri6|, G^4(li!SPh)g. Cleimj and S^hinsem 

(J., 19^, 12S, 1780 : errata, p. 2796) condensed 2'-Aminodi{d3.enyb 
endna'fi-cssdnosylio aeid Mth o>ohlorobenzoic acid and distilled the 
residton^ S'^o^cArboryphenylaminodiphenylamine-B-carboxylic acid ; 
loss ai carbon dioxide then took place and the produMj|i||^|||^pl» .. 
1(^. Th^deBoiibedthisas.9r.?7^'-diphenyl'^-pibMn|iiiyyiHraS^tnd 
su^ested the compound obtained by 
nob tUs substance but thei 

Thissr^estMi isieoiiirset. ■' - ; ' ' 
Onoaosyic^ out the prepan^ondeB&ilbsd % Wiiiaad aaad Mfiller, 
tire prodnot obtained had m:'p,' i4d»^lS0'^iaad ’behaved like a 
isehnary amiite towards niteduB aiMj' > Tljle lAonoaoetyl derivative, 
prepSEted by boiltog thk sabstanee let* 'i^ndDutes with an excess of 
acetyl ohbride,.ta84 a4ifs4W^l^'4f^ rectystaUisation from 
lispatote o-Aadao- 

ptoSHid^%^sl!e>&Dd of Piccard and Brewster 
This and the correq>onding, 
identical with Wieland amm 
^l^lfMl^iienyi'O-ph^yleDediamine and its tbubsod- 
" o-Nittotriphenylamane (Heoa?d<5 
Boe., 1917, 39, 2006), orystsBised 4 
had m. p. lOO". 
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Fox the pxope^es of another investigation, we have prepared 
iy^^'"diphenyl-o-phenylenediamme in quantity by the method of 
Olemo, Peridn, and Eobinson and through the kindness of these 
authors have been able to compare the final and intermediate 
compounds with original specimens. 

In the condensation of o-aminodiphenylamine with iodobenzene it 
is therefore the secondary amino-group which is the more reactive, 
but in the condensation of 2'-amiaodiphenylamine-6-carboxy]ic acid 
is;the primary amino-group which reacts. It is suggested that in 
t^ iatt^^case the activity of the secondary amino-group is diminished 
W inhibited by internal salt, formation with the adjacent carboxyl 
guoup. — HospiTAii Memoal School {UNiVBRSiTir.oE London),* 


The Action of Disilicon Hexachloride on Ether. By Pkbdbrio 
Stanley Kipping and Ebqinald Axtbrey Thompson. 


lT.hl,a been shown by Kipping and Murray ( J., 1927, 2734) that ether 
reacts with silicon tetrachloride to a slight extent, giving some 
compound from which alcohol is produced on treatment with 
aqueous alkali. Pisilicon hexachloride seems to behave in a similar 
manner. 
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NOTHS. 


. A sample of the siliooi]. tetrachloride which had been used by 
Kipping and Murray in their experiments with ether was proved to 
have been free from titanium tetrachloride. — ^UmvBBSixx GolIiBOB, 
NoTTUffGHAM. [IJeccwed, Jvm &h, 1928.] 


2:4: 1-Trimtrqflmorerime. By I!r4:nk Bbli.. 

Thb interest attaching to heavily substituted fluorenones (Bdl and 
Bobirison, J., 1927, 1696) directed attention to the statement that 
fluermione on nitration yields the 2:3: 7-trinitro-derivativei 
(I) (Schmidt and Bauer, Ber., 1905, 38, 3758). Apart firom the 
exceptional orientation of this compound, its oxidation to yield 
3 : d-dinitrobenzoic acid called for futther examnation (fpr normal 
method of oxidation of fluorenone derivatives, see Moore and Hunt- 
ress, J. A«ner. jSoc., 1927, 49, 1324). 


(I.) 




4-Nitrofl.uorenone, prepared from 4-nitropheuanthia<pdnone 
(^Ic^^nidt $md Bauer, ibul., p. 3741; Moi^an and Thoznaaop, J., 
1^6, ^^5), wfis nitrated as follows : 1*25 g. in nitric acid 
^ ic^c.) were warmed on a steam-bath for 2 hours, cooled, and potix^ 
into Tffdier. "fhe precipitate after several crystallisations from 
tewiene had m. p. 175“ (Found : 0, 49-6 ; H^ 1*6. , 
re<luires,G, 49*5 ; H, 1‘6%). This trinitro-deriv^t|y:^ Jwust ther^ore 
be 2 : 4 ; l-irimtrcfiwriiMm (H), - , 

, ,,F^ownone nitrate^ b|^the m«^|^ Qf.0^^dt an4Bauei;^;ir4 
^ye a product, m. p., itfgf a^ acetic 

add or benzene (Found ; , 0, 49-^ ; % 1-8%). men nxixed with 
the 2:4: 7-trinitroduorenone desmibed above, it melted at the same 
temperature. Oxidation of this trinitrQ-(^vative gave a very small 
a^unt of an impure acid, m. p. 166-^170“. The m. p. of 
puri^ aeid would obviou^ exceed that of 3 : 4-diniia:oben^m 
(164 “).— BaTTBBSBA. ?OLyTBOBOTO, S.W.ll. 

; 1 ^' ] 



„ Add. By Edwabd Fdim® Bbisoob ahd 
"'''SSTOerary Glunis’ Pebstoit Blast!. ,*41,; 

.^JttfiPt© lacking, that the add obtained by the ao|j||«.ca 

earbrni dioxide on potassium carbazole at 270“ (Clamidan and Silber. 
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QdzztHa, 1882, 12, 272) or on magnesium 9-carbaz7l iodide at 266 — 
270® (Oddo, ^nd., 1911, 41, i, 266) is oarbazole-l- 
1 1 I J oarboi^lic acid, has noTF been furnished by boiling 

a mixture of tetrahydrocarbazole-8-oarboxyHo 
NH COifH acid (Collar and Plant, J., 1926, 808) (12 g.), 
si^hur (3 g.)t and pure quinoline (80 o.c.) under reflux for 
12 hours and then pouring it on ice-dilute hydrochloric aoid. The 
sticky produet was dissolTed in dilute aqueous sodium hydroxide, 
and the solutkm was boiled with charcoal, Altered, and acidifled with 
hydroehlorio add. The crude acid was dried and then boiled for 
6 hours with methyl-alcoholic hydrogen chloride. The methyl 
ester, obtained by pouring the solution into dilute ammonia, was 
distilled under reduced pressure, further purifled by crystallisation 
from aqueous alcohol, and then hydroljrsed with methyl-alcoholic 
sodium hydroxide, idter recr3^tallisii^[ twice from toluene- 
petroleum, the resuming acid was obtained in yellowish plates, m. p. 
268—269® (Found: C, 73-8; H, 4-6. Calc. : C, 73-9; H, 4-3%), 
which did not'depress the m. p. (270 — ^271®) of a specimen of carb- 
azot(a-l.-carbaxylic aoid prepated by the method of Ciamician and 
Silber.r^THai Dzsob Fbbbins Labobatobt, Oxfobd. [Received, 
Jfvma 22nd, 1928.] 


GOLX . — 'The EUctmhinetic Potential between the Solid 
and Liquid States cf a Single Suhstcvnce. 


andJfBAFtfc WoBsrwiun. 

Thb first observation of thd'produieti(^bl au eleotrio eharge by the 
:friiHfion of a liquid against the saimie siibetenoe in the solid eteie 
appears to have been made in 1843 by Faraday (“ Experimeid»l 
Xtesearohes,” 2, Ko. 2131, p. 122), who, in the course of his 
nesearohes on the production of electricity by escaping steam and 
dir, allowed “ undried common air ” to issue under pressure from 
an orifiob and flow along a cone of wood or metal which thereby 
became ^ectrified, aeqxdring a negative charge. He showed that 
this deeferifleation was due to the '"particilra of watea: suddenly 
oondmised from the expanding and cooled air rubMi^ agaaost the 
metal or wood ” and that dry air produced no such eleeteifioation. 
When, howa^et, undried air was let out against ioe, it rendered the 
ioe positive ih contrast to the negative chairge given to wood otf 


I3idteffa» (Wied. j!inn., T886, 28', 660), on hoeount of its bsaiil{| 
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a plate covered with ice, and also forced water through a capillary ’ 
formed along the axis of a rod of ide. By botib. methods he found 
the water to be negatively charged, thus confirming the results of 
Faraday. 

The phenomenon seemed worthy of attention on ae'o6ifeLt of its 
bearing on the structure of the interface between a solid and the 
melt from which it is crystallising or into which it is passing, as 1^41 
as of its bearing on the general question of interfacial potentmlSi*^ 

The si^' of tbe eledtSroM 
kinetic potential of ice 
against watdt has there- 
fore, been exenlihed by 
another method which 
has also permitted of 
the experiments 
extended! td'ol&er'stfh^* 
stances; with the* result 
that, not only have the 
experiments of Faraday 
and Sohncke been con* 
fibmied, but in' all oabses 
where an electrokinetic 
potential detected/ 
the solid was found to 
be positively charged 
relatively to the liquid. 

I , . \ ' ti ' ' * 

. ; ModificaiioniS 
. stream potential naetlmd 
of Sphncke' were tried 
but were discontinued 
on account both of the 
experimental difficulties and of the uncertainty of interpretation of 
experiments which included the friction of the liquids against the 
dectrodes. Electocoendosmosis measurements were also attempted 
with little success.. The chief difficulty here lay in the preparation 
of suitable capillaries or diaphragms, ard in their retention for a 
time sufficiently long to permit of the determination of the direction 
of eleotroendosmosis. The observations now recorded were made 
by , a qataphoresis method. In essentials the method: is sometriiat 
shnilarto ihatusedby Eleeman and Fredrickson 1923, 
22, 134) for. the d^tennination of the sign of tlm etectiooapillary 
charge on* thin metallic wires in water. 




POTENTIAL BETWEEN THE SOLID AND LIQUID STATES, ETC. 1993 

Th^ apparatus employed is shown in Kg. 1. A rod or icicle 
I of the: solid, formed round a thin glass rod G, was suspended at 
the end of a single unspun silk fibre, 141 cm. in length, in the 
corresponding liquid L. The glass rod was 3 cm. in length and 
in diameter. About three-quarters of the length of the 
rod of solid was immersed in the liquid, which was contained in the 
parallel-sided glass observation cell, C. This cell with its contents 
was surrounded by a water-jacket, B, with glass windows and a 
tightly .fitting lid, whereby the liquid could be kept at a. suitable 
temperature. With the present apparatus it was impracticable to 
keep , the temperature at the triple point where solid, liquid, and 
vapour are in eqiliilibrium. Temperatures slightly above or slightly 
below, ithe meltiiig point Were therefore used, so that, the rod bf 
solid ^adually nielted away duruig the observations^ or gj^ually 
grew in size. This continual formation dE a fresh interface also 
reduced the probability of erroneous observations conceivably due 
jto .the possible deposition of atmospheric moisture on the rod of 
solid during its formation. An electric field of 400 volts, giving 
about 50 or 100 volts per cm. according to the position of the 
electrodes, was applied through the electrodes, E, in a direction 
perpendicular to the plane of the paper. These electrodes in the 
preliminary experiments were of copper, but were later replaced 
electrodes, ccmsiating of platinum foil stretched over 
^ass rod, and ^'soldered’-' in position by 
^gfessi i The^ ^suggesison .that the 
obs^rv^f So » the attrs^bn 

of such part of the 
I^iiteiiquid but within the dleolrio 

eliminated by control experiments. ThC' laterAl movement ofr tlte 
rod of solid in the electric field was followed by means of the 
microscope,. M, which was provided with an ocular . micrometer. 
The suspended system was protected from draughts by tite gkss 
tufeef-'S^^Oveir the lower end of which passed an earthed brass fttibe 
with ai wide .flange^ A. The latter fitted on to the top of a li^t 
bbXj K, formed on the top of the water-jacket lid* Blots 
wore cut in, the Bides of this box to allow of the passage of the ends 
of the dectrodes^ ' A large glass cell W, filled with acidified ferrous 


rod of srfid w4s formed als follows- A glass 
about 4 lotsg^^ mm. ihtemaLdiameter, aitd dlosed 
eiids/Viesi clefiflaed^m^ dhpomio-sulphuric acid, washed with dis^j^ 
wateal^^iinivdiAed (At each experiment. ^The^ 

sad 
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lowered into the liquid. For this purpose the observation cell with 
its contents and jacket was removed and the suspended system 
raised and lowered by a small winch operating a oord passing over 
a small pulley P. The weight necessary to the system was provided 
by a brass rod R working in a brass collar. The liquid was then 
allowed to solidify. Per most purposes, in particular with sub- 
stances melting below 30°, it was found advantageous to suri?ound 
the small tube with dry, solid carbon dioxide. This quickened 
solidification and greatly facilitated the arrangement of' the glass 
rod G in a central position in the icicle.*’ With substances 
melting above 30°, the final results were the same whether or not 
solid carbon dioxide was used. When the liquid was frozen, the 
glass tube was gently warmed with the fingers and the solid next to 
the glass melted sufficiently to allow the withdrawal of the remaining 
rod of solid. (In the case of substances melting above 30° this 
operation was usually carried out by immersing the tube in a small 
quantity of the warm liquid.) The observation cell was then 
replaced, the rod of solid lowered into the liquid, and the cover A 
placed in position. Usuallj^ about 15 seconds elapsed between the 
removal of the rod from the mould and its focussing in the field of 
the microscope. By means of a reversing switch, observations 
were taken with the electric field in both directions. Only bbebrvf 
ations which showed a definite reversal of direction of movefcment 
with reversal of* the applied potential were taken as indicative of 
the eleotrokinetic charge. In all such cases the solid was positively 
charged whether melting in a liquid a little warmer than itself or 
growing in a supercooled liquid. In no case was a reversible move- 
ment observed in a direction indicating that the solid had a negative 
charge. On the other hand, in every case, except in benzene and 
in o-chlorophenol, the (cleaned) glaiss rod alone in the liquid moved 
as if negatively charged, giving i^eversible defiexions usually greater 
than those of the rod of solid in the same liquid. 

The width of the oeU and ibe diameter of the rod of solid siibstaaio#/ 
were such as to render negligible the effect of electroendosinosis aldhg 
thd waBsi of the observation cell. In any case this^tirould tend to 
^ effect in a direction: opposite t6 that*actuiK(]|yrje]^^ 
:^*>%^iDhoib0*Qf sul^tances for enhminatkm was bomewhatre^]^W^< 
Of appaapatus it was im^nvenient to uae sub- 
^bekw ^ above 4A°. In the second place, it was 
iso use^sub^ances which formed coherent crystalline 
vHaioh were tried gave only soft, non- 
eefcerent’ liquids. In all the observations 

wifch the rapid cooling employed, it could be 
obses!isg%; the icicle was a compact crystalline mass, except in 
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tile case of ioe, irhicli had the usual glassy foim. The materials 
other thau water were obtained initially in a fairly pure condition 
and were carefully fractionated after lowing been dried with the 
appropriate reagents, phosphoric oxide being used where permissible. 
No. attempt, however, was made at intensive drying. 

■ In the following table are given the substances examined, together 
with the typical deflexions from the mean position in terms of the 
divisions of the eyepiece micrometer, ten such divisions corresponding 
to an actual movement of 0-6 mm. In all oases, except with pure 
b^ene and o-chlorophenol, for which no movement could be 
defected,* the sign of the charge on the solid was 'positive. 


Table I. 



Dieleoiario 


Electric field. 

Typioad 

Substance. 

constant. 

M. p. 

volts/cm. 

deflexion* 

Water 

88’2(0®)* 

0° 

60 

10-0 

Acetophenone 

Nitrobenzene 

18-1 (21°) t 

20 

60 

10-0 

37-6 (16°) t 

6 

60 

2-0 

Ouaiacol 

— 

31 

60 

2*0 

Anethole 


21 

100 

2*0 

p^Crefiol 

13(40°)§ 

35 

100 

2*0 

o-Cre^ol 

8(40°)§ 

31 

100 

1-0 

o-Chloronitrobenzene .. 

17-8 (33°)** 

32 

100 

2.0 

o-Ghlorophenol 

6-31 (26°) II 

7 

100 

— 

Benzene 

2*28 (16°) If 

6 

100 

— 



♦ X)rade, Wied, Ann^^ 1896, 59» 17. 
t Walden, Z. physiM. Chem., 1910, *70, 669. 

I ibnd ibid,, 189^ 29, 242. 
c Haynes, .J., 1905, 87, 998. 

^ ^ Brife^oe, J'., 1926, 2623. 

^ n, 2796*' -i .r ' < 

*♦ J,, |lfl6,jl(W* 276. . ' 




The deflexion is greatest in the @asee;af water, and aoetoph«Bj^, 
and non-existent for pure benzene. It seems justifiable to oonolade 
that it is only with “ polar ” compounds that the effect is observ- 
able, and that the more polar the substance is, the greater is. the 
deflexion likely to be. 

The movement in the case of acetophenone may seem surprisingly 
great compared witii that of the other substances examined. The 
soM phase, however, owing to the manner of crystallisation when 
the rod was allowed to grow, had generally a very large surface com- 
pared with its; wnight. The positive charge on the solid aceto- 
phenone was also confirmed by the following observation. When 
slowly m^rstallising from a slightly super-cooled liquid, aoeto- 
phmume forms kige, vmy thin plates; when sohdificatioBiWas 
allowed to proceed in an electric field, it was clearly Seen't ^ i ffl 
m&s& mystallis^tion oceurred round the negative electroii^^ 

. * Aaofdaer sample oif benskt^ whicJi had not been oomp 
thipi*en, gave indioatf^ 
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TDUtid the positive electrode. Also, plates of the solid lying in 
the surface of the liquid could occasionally be seen to move tbwards 
the negative electrode, reversing their movement -when the direction 
of the applied potential was reversed. 

In the case of ^-cresol and o-ohloronitrobenzene, too, small 
crystals in the interior of the liquid were seen to move towardathe 
negative electrode. Mi . 

The present data do not permit of any quantitative estimaiaoh/^lf 
the charge on the solid, but an idea of the magnitude of the electri- 
fication may be gained from the fact that on the application of a 
field of 50 volts/cm., the small glass rod 6 alone, when suspended 
in distilled water, moved through 21 divisions of the eyepiece scale, 
having a negative charge. The electrification between the solid 
and liquid states of a substance is thus generally much less than 
the electrocapillary charge of glass in distilled water. 


Discussion, ^ 



Some uncertainty exists regarding the change of dielectric con- 
stakii on passiimfrom the liquid to thh solid state at the moment of 
soli^oation. !®im:e is considerable evidence from the results of 
several authors to show that at a teifil^stture several degrees beldw 
the melting point, thej(h€>loctrio constant of many solids is much less 
than that of the opirespohding liquid, particularly when the latter 
is large, but that, as the melting point is approached, the dielectric 


constant of the solid becomes dependent to a greater extent upon 
the frequency of the measuring current, and may at low frequencies 
approach that of the liquid state. At the lower temperatures, the 
d^ee of freedom of the permanent dipoles 
to permit, of their- contributing much to 
V If dieleothc constmt 

during a dhangis of 

now recorded are in contradiction to the rule f 4>EmulJbtda by Ooehn 

hpcordifig to whifcb the phase with the 
constant should become p<^itivel 3 r dharged. * Ooehn 
anomaly in the case of ice and water, 
tihat 'pmbab!!^ it: was not a matter of 
htrl/Of ^yrater^ at a higher temperature 
wbs?adhering to the ice; It 
the ■ temperature coefficient 
account forsuch^^a 

‘ Oh by Brrera {Trans. Faraday 

Soc.y 1928, 24^ li^)* indicates that in the neighbourhood of the 
melting point, the dielectric constant of a polar substance in/the 
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solid state may, when measured at low frequendes, he even higher 
than in the liquid state. BQs figures for acetic acid show a sharp rise 
to a dielectric constant of 18 at a frequency of 680 cycles, in the 
neighbourhood of the solidification point, the dielectric constant of 
liquid acetic acid measured at the same frequency being about 6, 
Errera suggests in explanation of this rise tjhat there is a formation 
at the moment of solidification of structures in a state of colloidal 
association, and he assumes further that the arrangement of the 
mblecular dipoles inside the colloidal structures is such that these 
last have a high electric moment, higher indeed than that of the 
molecular dipoles.” If this phenomenon is general with polar 
Shbstances, whatevi^ . its cause, then the sign of the ' electrification 
betto^een^the hquid and solid states of the same substance follows 


as given by Coehn (Zocl ciZ.). ' . ' 

It would appear, however, to be a general rule that, where tHdre is 
an electrokinetio potential between the liquid and solid states, the 
solid is positively charged relative to the liquid. 


We wish to acknowledge our indebtedness to the Chemical Society 
Research Fund and the :Brunner~Mond Research Grant to this 
Department, which have partly defrayed the cost of this work. 
One of us (F. W.) also desires to thank the Department of Scientific 
aind* : 3hidxts|x^ mamtenance grant during > its 



CGLXI . — Studies of Valency. Part X. Electrom^trip 
w ’ Titraiion of Vernon's a- and p-DimethyUelluroniu^ 
^ Bases. ' ^ ‘ 

' lip*’' - ' , , ' 'i , , 

Gmejit and Thomas iMabtin Bo-WHy. , , 


Is a pratioiis paper of this series (this’ Tol., p. 307), it was shown! 
i^at tile isoiherio bases from which the a.- and ^-dimethyltelhtrOninm 
dihaJides are derived are of the same ord» of strength as ammmiia. 
TTre ■hydtoa^-haJides,' on the other hand, although refAdily c6h- 
. ]£a«chal salts, axe acid rather than hasio in diarahtitti^ 

they ^ t^proyiiiiately neutral towards indicators 
ifrdtiiyl->otaage and inethyl-red) w’hich give an end-pohrt a lit 
thO'tMiii asatraJityi ' This result can be'int 

read% '''ly‘ '£%iijg '^iihe. l^Mda' of 
eSfo.OS]'*' “(Sr fa's 
3tt2 
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scheme 1, which leaves the octet intact, than to lose a second 
hydroxyl ion^ as in scheme 2, in which the octet is converted into a 

S6JCt!6^. ^ 

1. [TeMe20H]+ =?=i: [TeMegO] + H+ ; 

oompare [NhJ''' NHj + H+. 

2. ITeM:^OH]+ ^ [TeMe2]++ + OH". 

An anomaly was encountered, however, in the fact that, wh«i?eas 
the molecular conductivitiea of the a-hase varied from 1*& ’to 3i4 
(v = 16 — ^256), those of the p-hase vaiied only from $3 to 37 
(v — 32 — 512), in spite of the much larger absolute values of the 
oonduotiviti^. By way of contrast, it may be recalled that the 
conductivity of diethylmercury hydroxide varies from 1*2 to 1*9 
and that of hydrazine from 1-7 to 5‘6, in the range v = 16—266, 
whilst the conductivity of methylamine varies from 21 to 70, that 
of dimethylamine from 24 to 81, and that of diethylamine from 31 
to 93 in the same range. An eleotrometxic investigation was 
therefore undertaken in order to compare the relative strengths of 
the two bases by the various electrical methods now available. 

Conductwiii/ of Bases . — Since the bases cannot be purified by 
u^ta^Bisation fitem solution, it was necessary to adopt other methods 
fbC cheeking their purity. The hi^ conductivity of the p-base and 
thesmall increment on dUution might have been due to the presence 
oli4(i)i Undeeompo8ed halide, (ii) silver compounds derived firom the 
rilver . oxide used in the preparaticm of the bases, or (iii) trimethyl- 
telluronium compounds formed by a molecular rearrangemeut of 
the Prbase which is known to take place under the influence of 
alkalis. Since the P-base had been prepared by evaporating a 
solution of the a-base to dr 3 mLess under reduced preasure, it was 
unlikely that its high conductivity could 1^ due to undecospo^d 
hiaMh,'foK^tli& must have been presemt 'ali^'as 

and the presence, in solutiooa'ei tht p>baae^ t^olved 
silver compound which were not also present in the a-base was even 
less probable, since they would, be likely to be removed during the 
emav^ott of Ihe a- into the p-base by evaporation. The possible 
pnsse^ of trinqs^yl^uronjum salts was eliminated by preparing 
ihe.pd»a8e from ihe p-dibromide, in just the same way 
Uglbliet’haee {Swa prepared from the a-salts. , it . 

of seven solutions of the two bases 
are rather less concordant than those of 
be, purified by ordinary methods ; but Ihe 
eguiaai||s#ee9dfietsviriee(^ the p-base were found to be oonsisteqtly 
greater bp about 3(1 units than those of the a-base, and to vary, over 
the same small range on dilution. The most trustworthy values 
were obtained by preparing the P-base from a p-salt insteaid .of 
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directly jErom the a-base, and their validity was confirmed by their 
close agreement with the conductivities of a sample which Vernon 
had obtained in a solid form by evaporating a solution of the 
baise to dryness in a tube which was then sealed. The close con- 
cordance of these additional data shows that the results recorded 
ih the previous paper were substantially correct, even although they 
may not be easy to explain. 


Table I. 


Moleiaukbr Conductivity (A^^*) of DimethyltelZuronium Bases, 


V 

= 16. 

32. 

64. 

128. 

256. 

512. 

a-Base : Series 1 

1*9 

2*2 

2*6 

2*9 

3*4 

4*3t 

Series 2 

3*2 

3*6 

3*8 

4*1 

4*8 

6*3 

Series 3 

.2*7 

3*1 

3*5 

3*9 

4*8 

6*0 

j8-Base. From a-base : Series 1 ... 


34 

35 

36 

37 

37 

♦Series 2... 


32 

33 

35 

36 

37 

From jS-salt 


30*7 

31*9 

33*3 

34*5 

.35*6 

Vernon’s sample 


30*7 

32*4 

33*7 

34*6 

35*8 


* This solution was evaporated twice to dryness, since a solution which had 
been evaporated only once gave conductivities about 2 units less than those 
recorded above, 
t « 6’0 at v == 1024. 


Conductivity of Carbonates, — Since it appeared possible that some 
of the variations of conductivity might be due to the conversion of 
the bases ^ into carbonates by absorption of atmospheric carbon 

determine the magnitude of 
air© in stable lit The solutions of the 





Molecular Conductivity of Carbonates, 

V, 


a-Base. Original sample 32 3*22 

Saturated with CO* (40 mins.) 32 40*4 

Passed COa-free air (8 hours) 32 3*06 ^ 

64 4*2 . 

128 6*1 

266 

512 9*7 

j9-Base. Original sample 32 31*0 

Passed COa-free air (4 hours) 32 31*6 

Saturated with CO 2 (40 mins.) 32 39*0 

Passed OOg-free air (8 hours) 32 32*0 


two bases were standardised by titration in the presence of bromO'^ 
phenol-blue. Since the molecular conductivity of a ' saturated 
solution of carbon dioxide (if/30-3) is A*®’ = 1-3 (approx.p^im 
moleiidfuf conductivities at M/32 would be increased bg^isl"® '^ 
32/30^8 '^ 1-4: on saturatton wito carbon) ^dioxidej /Jf/,^ “ " 
combifaatton docurred. lio! gene^alj^ 
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decreased by , the presence of carbon dioxide, sihee the bicarbonate 
ixm is muck less mobile than the hydroxyl ibnt bnt in the present 
instance the bases are so weak that this effect was revelpsed, and the 
conductivity Was increased in each case to about 40 units. ‘ The 
carbonates are, however j so unstable, and their formation *ie so 
incbmplete, that the maximum conductivity of the carbonated 
solutions was only about one-third of that of a typical ‘bin^'. 
electrolsdie. Since, then, only about one-third of the base is preserft 
as carbonate, the carbon dioxide must also be held only reversibly ; 
it was therefore removed completely by a current of , purified air, 
the conductivities of the solutions falling again to values similar to 
those recorded in Table I. 

TeMe2(OH)2 + COg i [TeMe20H]+ +-.HC 03 - 

2 . , , I r 


It will be seen that the two bases arb practically equal^in their 
power of holding carbon dioxide. This result is not in agreement 
with the simple (but incorrect) deduction from the conductivities, 
that the , p-base is perhaps 10 times stronger than the a-base; 
but it is in harmony with the results of the potentiometric titrations 
described below, which show that there is an intermediate stage of 
neutralisation within which the two bases are of nearly equal 
strength. ’ 

Go^ucHmiy Titrations . — ^In doing a conductivity titration, it is 
usuifid to add a lateral acid to a solution of the base, and to observe 
the decrease of conductivity which takes place as the hydroxyl ions 
are replaced by chloride or bromide ions. In the case of the di- 


methyltelluronium bases this method cannot be used, sinoe the con- 
ductivity undergoes only an insignificant incre^ feebly 
ionised base is converted into’ a 


decrease of conductivity was produced, however, when 


P-base was added to a ; 


zeh ibnS 


of the acid were ihen i^aced. Iqr 'the' much mcwre sluggish 
(Te]S^OH3'^‘ of the hydroxy-salt. 

Th# tifaraiito curves are reproduced in Kg. 1, together with a 
the* neulralfeaMon of Jf^/lO-hydroohlonc acid by N/IO- 
9ihe addition of the a-base (about Np) to jN’/lO-hydro-^ 
a^;^produo^ a continhous decrease of equivalent con- 
to 100% neutralisation, sifter which the conductivity 
aipyt’ ^ constant, since farther additions of the weak 
ia^?ecmiaibute substantially to the conductivity of. the 
curve shows a well-defined break, Corre- 
sponding of the hydroxy-halide [a-TeMe^OHjCl; 

but no discontinuity at all can be seen at the compositiok TeliS^CI^, 
which would be represented by the addition of half a moleCuIar 
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proportion of .the base to a molecule of the acid; and in the same 
way, no break was observed at points corresponding in composition 
to substances more basic than the hydroxy-halide. 

15ie.p-ba,se (about N/ll) gave a neutralisation curve of the same 
form As that of the a-base, with a weU-defined break at the oom- 
fio^tion [p-TeMegOHJCl^ but no perceptible change of direction at 
the composition of the normal salt. In this case the specific con- 
ductivity was increased by adding an excess of the base, which has 
a substantial conductivity of its own ; but no further discontinuity 
waSfc , observed in these more basic solutions. A duplicate deter- 

‘ Fio. 1. 

’’ ’ . C<ih^vctwity titraiiona. 



mination with the p-base gave slightly higher molecular conduc- 
tivities during neutralisation (perhaps because the acid was slightly 
strongs), but the remaining data agreed so closely with the.earlier 
values that they* could not be represented by a separate curve. 0a 
the other faandi a more dilute solution {N/llO approx.) gave highmr 
equivatent ><K)nduotivities throughout^^ the value at the neu^l 
b^g as compared wfth 

108 (approx.) at NI29. * . ’ 

; TitfoMomwUh a Hydrogm Elmtrodej — JPor 

th^ t%#iops, 20 c.p^. (^^e^t.^i^i/lQ-splution of the bad 

been standardised by titratidn-^ii^^ 
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were neutralised with 0-962^-hydrobromic or 0d98^-hydroohloric 
acid. The results were not very trustworthy, since the a^base 
poisoned the hydrogen electrode, giving rise to a progressive decrease 
of E,M.F. with time. An approximate result, obtained by passing 
a rapid stream of purified hydrogen over the electrode, showed, 
however, that equivalence was reached at the compo^tion 
TeMe 2 (OH)Br, and that there was no second inflexion at the poiftt 
represented by TeMegBra- ' ^ ^ 

Similar experiments with the p^base gave two inflexions, 
one at 100%, corresponding to the formation of the hydroxy-halide 
[P-TeMegOHjCl, and the other (much less sharply defined) at about 
50% neutralisation, corresponding to the formation of a basic salt 
containing 2 mols. of the base to 1 mol. of acid. A white precipitate 
appeared in every case at about 76% neutralisation, reached a 
maximum, and then redissolved sharply at 100% neutralisation. 
A small quantity of the precipitate formed during the titration of 
the p-base with %drobromic acid was coEected, dried, and weighed. 
It was dissolved in water and acidified with nitric acid,* and silver 
nitrate added (0-0152 gram gave 0*0039 gram AgBr : Br = 10*9. 
TeMe2Br2,7TeMe20 requires Br, 10*5%), The precipitate, although 
collected from a nearly neutral solution, is therefore far more basic 
than the crystalline dioxy-iodide which Vernon prepared from the 
a^base. 

PoteTitiometric Titrations with a Glass Electrode , — ^More trustworthy 
results were obtained by using a glass electrode of the type described 
by Hughes (this vol., p. 491), since this electrode is not poisoned by 
the tellurium bases. The electrode had been in constant [Use for 
some months and gave an EM,F, of 55 millivolts per ooni- 
pared with 68 millivolts for a hydrogen electrode. The tifrati^ 
were made at atmospheric temperature (about 16^). The! ouivla, 
for, six titrations are reproduced in Mg* 2. 

OL-Base, A solution of the a-base was standardised by titration 
with bromophenol-blue as indicator, since the approximate results 
obtamed with the hydrogen electrode showed that the end-point 
of i2he titration would be given more correctly with this indicator 
idhan with methyl-orange. An jST/lO-solution (20 c.c.) was then 
iaNx^ted with -hydrochloric acid. The potentiometric curve was 
e®!aS|Ehaed by a duplicate determination in which the strength 4# 
base wsbs N /12*5, The foot of the curve was at 8*2 instead of 8*9 ; 
B^^tfia^twp^ciirves then converged, and became coincident* as the 
neutral point was approached. 

The cukwes have 'the characteristic form for a weak base, irith 

* No precipitate of dihalide was formed, such as always appears when acid 
is added to the a-hydroscy-salts. 
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a single inflexion at the composition of the hydroxy-halide 
[a-TeMegOHjCl. The “ equivalence point is at = 3*9, and 
the inflexion is quite well defined, since == 4-8 at 98% and 3*0 
at 102% neutralisation. Half-neutralisation occurs at ps^ = 6*6, 
froin which it follows that —log Kb = 7*6. These results confirm 
conclusion that iV'/lO-solutions of the base can be titrated with 


Fig, 2. 

Potentiometric Htrcaions, 



Ph* 


ir^ethyl-orjttige ( 3 % = 2*9 — 4-0), but would give a more trustworthy 
«id-ppint with, broruophenol-blue (i)H==3'0 — 4-6); for 
splutiops, a more acid indicator should be used. . >• i . 

prBase. Four curves for the p-base are shown in Fig. ,2, . 5^e. 
full eujcvQ is |or an jy^^/J.6'SQta<aon freshly prepared fron^tl^ft’tfefe ft|j 
and it, agrees olosdly,???i,tlb, t^ <iQtte4 curve for an jsIsp&IB 
Vernon’s crystalline samplb of iihe ^-base foomti«P8l».'~l wl|^ ^|P|| 
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solijitions, ^/164 ai;id NI21y prepared from the.p-dibromide, were 
eligbtly more alkaline during the jSbpst half of the titration, but then 
tl^ curves converged upon and became identical with, the two curves 
for samples prepared from the a-base. ? ^ 

,ijl the, curves show an inflexion at the compositiojpi,^ of . the 
hydroxyihalide, [p-TeMe 20 H]Cl, together with a weaker ittlepon 
at about 50% neutralisation; a white precipitate was also seen 
again between 75 and 100% neutralisation. The “equivalence 
point is at ps. = 3*0, .but the inflexion ie less Well defined than in 
the case of the a-base, since ps. == 34 at 98% and ’2*6 102% 

neutralisation, giving a range of only 0*8. in place of'Jl*8 units; the 
end-point, even with the most suitable indicator methyl- 
orange), is therefore not likely to be very sharp. 

The second infiexion, at 60% neutralisation, indicates that a basic 
salt is formed in solution at a composition corresponding to the 
formula 2 TeMe 20 ,HCl; but, since the inflexion occurs at p^ =s 6*6, 
it follows that this basic salt is acid rather than alkaline in its 
reaction, and that (like the hydroxy-halide) it is therefore more 
ready to part with a hydrogen than with a hydroxyl ion. 

The formation of this basib salt makes it impossible to deduce the 
strength of the base in the usual way from the p^ at haK-neutraUs- 
ation. jSince, however, = 8-3 at 26% neutralisation, the 
strength of the p-base may be deduced from the relation -^log Kb — 
log {1 -*■ a?)/a? + where x is the degree of neutralisation, 

whence — log = 6*2;>Jor the free base. At 75% neutralisation, 
Ph = 4*8 and —log Kb = 8*7 for the basic salt. The p-base is 
therefore stronger than the a-base in the initial stages of neutralis- 
ation, but the basic salt which is then formed is ^jstrong as 
the a-base ; the weaker a-base thus gives a 
100% neutralisation, and yields an a-hydroxy4ialide wlmlbi S 
nearly heutral than the isomeric ^-hydrbxy-halide. 

Hydrolysis p/ Basic avd Normal iSaZfa.— From the potentiometric 
curves it is possible to deduce a series of theoretical values for the 
f^roentjEbge hydrolysis of the hydroxy-salts as follows : 



to free base 
to basic salt 


Hydrolysis at 

— logjBTj. Kb, v=100. i;=1000. 

7*5 3-1x10-8 0-6% 2% 

8-7 2x10-8 2% 7% : 


6n the other hand, are shown to be almost cOitf- 
m Water ; but the percentage of unhydrblysed 
Reduced from the fact that a saturated solution of the 
which has a concentration of Nj2l&6, 
ail’ hblB]fptiol{1S4nd with a maximum extinction coefliciBiiti 
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di-iodide gives a maximum extinction coefficient, log s = 3-7, at a 
slightly longer wave-length, we can (by ignoring the influence of the 
solvent), calculate that the aqueous solution contains only about 
1/20: of its nominal content of iodide, or that the a-di-iodide is 
hydrolysed, to. the extent of about 96%, to the hydroxy-iodide and 
hydiiodio acid. 

Basic Salts . — ^The potentiometric titrations of solutions of the 
p-base provide conclusive evidence of the formation of a basic salt, 
in which the acid and base are united in the ratio 2 TeMe 20 ,HGl, to 
form (in Vernon's ■ nomenclature) a p-trioxychloride,” since it 
coul.d also be derived from three molecules of the base and one 
molecule of the normal salt. On the other hand, the potentiometric 
curves for tB6’ ac-base agtee with the conductivity titrations in giving 
no indications of the existence in solution of any salt but the 
hydroxy-halide. This result is remarkable in view of the fact that 
Vernon prepared from the a-base two basic salts which he formulated 
as follows ; 

(i) Di-iodotetramethylditelluronium oxide, 0(TeMe2l)2. 

(ii) Di-iodohexamethyltritelluronium dioxide, TeMe2(0*TeMe2l)2. 
The ** a-dioxyiodide " (ii) separates from water in large transparent 
plates, with about of crystallisation ; but it can alsb be obtained 
in anhydrous, colourless scales, e.g., from concentrated ammonia, 
and can be prepared quite readily in this form by grinding the solid 
h-di-iodide with concentrated ammonia and then recrystallising it 

The ‘‘ bc-monoxyiodide ” (i) separates as 
jaqdetos rSolution of ^the “ dioxy* 
iodide " is bdiedi ii^^ionae theii cooled quickly. < ^ 

' Vernon states that the inoltihgij^bih# .olithe.^ 
tuates between 112® and 125® " and tihat ? repeated analyses have 
shown considerable variations in both, carbon and hydrogen.'; 
Our own experiments have shown that the yellow powder^ which 
generally melts at about 116®, is stable if dried immediately; but, 
if' it is aflowed to stand in contact with water (or even in moistreir) 
for soiiie hours, it changes to a odourless form, which melts at 122®. 
Since it: appeared likely that the, pure monoxyxodide would be 
colourless .like the dioxyiodide, we thoi^ht at first that the coloured 
fcarm might be an aquo-compound, but this obnolusion could not 
be <K)nfiimed .by analysis. For instance, no difference eould be 
detected betwhm the halogen content of the yellow and the ooloude^ 
form of the iialt^s ^ and no. change in wei^t was produced wha%^ 
wtdghed quantity of the coloured^ powder was 
0©kaiiies&.iorm by the.action of water,: and, then idrieds 
version (}of ':tb© luiistah^ 'W^ the -stable formi 
accompanied' by^ 
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may perhaps be formulated as depending on an interaction of the 
type TeMe^O + TeMe^Ig I[TeMe2-0-TeMe2]I, whereby a trace 
of coloured di-iodide is converted into a colourless oxjiodide- This 
change may perhaps be reversible in solution, but it proceeds to 
completion in one direction under the conditions of our experi- 
ments, and we have not yet been able to reproduce the yellow form 
from the stable colourless form by any direct process. 

Table IIL 

Equivalent Coriductivitiea of Basic Iodides dt 26°. 

V = 123. 256. 512. 1024. 2048. 

a-Monoxyiodide, 


i(TeMea)jOIa 94 98 100*5 102 105 

a-6ioxyiodide, 

4(TeMea)302ls 98 101 104 105 107 


The equivalent conductivities of aqueous solutions of the monoxy^ 
iodide and dioxyiodide, reckoned in each case on the calculated 
concentration of iodine, are set out in Table III. The conductivities 
differ only by a small amount, which corresponds roughly with the 
conductivity of the extra molecule of base in the latter compound. 
The values for the monoxyiodide are about six units lower than 
those recorded (this vol., p. 314) for solutions of the aiydroxy- 
iodide made up by titration ; but this diacrepanoy does not appear 
to have any theoretical significance. The basic salts are indeed 
disappointing compounds from the stoicheiometric point of view, 
and cannot be used with safety unless previously analysed. Thus, 
the yellow monoxyiodide is obviously a mixed product, and the 
anhydrous form of the dioxyiodide is prepared by a method which 
does not admit of any sharp separation from the lees< basic inonoxyf 
iodide. KnaUy, the crystalline form of the dioxyiodide ocmtaiia 
about half a molecule of water,^’ which makes its chemical con- 
stitution difficult to interpret, and even throws doubt on the empirical 
oompositaon of any individual sample which has not been analysed. 
That these doubts are weE founded is shown by the fact that an 
Oquimolecular mixture of the di-iodide with the dioxyiodide gave 
l-factor of 2*2 in a freezing-pomt determination, and equivalent 
oonducrtivittes rar^g up to =» 140 at v == 2048 litres ; which 
wfe ichah” oidy interfaet on the supposition that the mixture was so 
4rildenh:mill)ise -fliat it was/* extensively hydrolysed in solutioA> 
in the case the monoxyiodide. 

‘ addition to individual determinations of the 

freezing points of the n^monoxy- and dioxy-iodides, several series of 
measurements were made of the freezing points of solutions of the 
a- and p-bases during progressive neutralisation. In the earlier 
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series, the bases were neutralised with hydriodic acid ; but, as these 
measurements were complicated by the separation of precipitates, 
they were repeated with hydrochloric acid, and only the p-base 
then gave a transient white precipitate. The data are set out in 
Tables IV and V. 

Table IV. 

Freezing Points of Aqueous Solutions of oL-Base. 


(a) 14 C.C. of JV/9*76.a-base (b) 14 o.o. of ^/9*76-a-base 

and JV-HCL and AT-HCl. 


Neutiralisation. 

F.p. 

i. 

Nfeutralisation. 

F. p. 


Water 

= 2-969 


Water 

= 2-96S 


0% 

2-766 

Ml 

0% 

2-752 

1-12 

13 

2-760 

M6 

13 

2-752 

1-15 

25 

2*767 

M5 

25 

2-749 

1-18 

3S 

2-760 

1-21 

35 

2-747 

1-21 

51 

2-748 

1-25 

44 

2-739 

1-27 

60 

2-736 

1*34 

54 

2-733 

1-32 

67 

2-729 

138 

60 

2-728 

1*36 

76 

2-718 

1-47 

67 

2-721 

1-41 

86 

2-704 

1-66 

76 

2*711 

1*49 

95 

2-683 

1*70 

86 

2*707 

1-53 

101 

2-671 

1-79 

95 

2-691 

1-64 

108 

2-660 

1-87 

101 

2-679 

1-73 

124 

2-630 

2-09 

108 

2-665 

1-83 




130 

2-628 

2-12 


(c) 15 c.c. of J&?'/10*6-a-base (d) 14 c.o. of ^/9»76-a base 

and N/hOB-m, and JV/1-39-HI. 


Water 



Water « 2*968 



= 1*067 

l-20( ? ) 

?% 

2*774 

1-016 



1-14 

11 

2*779 

1-018 



1-16 

23 

2-782 

1-021 

42 

2-867 

1*19 

34 

2-781 

1*06 

56 

2-852 

1-25 

46 

2-775 

Ml 

63 

2*848 

1-29. 

(57 , 

2*767 

Idf 

70 

2-842 

1-34 

64 

2-763 


77 

2-859 

1-24 

[68 

2-748 

5-31 

88 

2-861 

1-30 • “ 

76 

2-737 

1-40 


2-848 

1-34 

36 

2-730 

1-47 

U02 

2-846 

1-37 

^93 

2-719 

1-56 

109 

2-838 

1-44 t 

100 

2*778 

1^20 

116 

2*825 

1-61 

107 

2-7$6 . 

la? 

123 

2-823 

1-65 

125 

2-787 

M9 

130 

2-815 

1-62 




142 

2-795 

1-78 




tl79 

2*890 

1-18 





* A white prec^itate appeared and disappeared between these lin^tf ^ 
t The separation of a permanent red precipitate of the di-iodide was 
followed by a;n abrupt rise of freezing point. 


The freezing-point data confirm the conclusion that the 
bases are dissociated only to a small extent in solution, 
for^ both bases being about 1*1. On the other hahdj 
pointil^ indicate that the hydroxy-halides are diSsociafeufeA i^^ 
completely, the 'i-f actor rec^gded the 
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TaBlb V. 


Freezing Foivits of Aqueous Solutions of ^-Base. 

(a) 16 O.C. of NIlS-i-B-hase (6) 16 o.o. of 37/l6,-4-j8-base 

aiadN-AcSi: amd IfT-SCH. , 


Neutralisation. 

F, p. 


Neutralisation. P. p. ’ 

i. 

Water 

» 2*968 


Water = 2*966 


0% 

2-836 

MO 

0% 2*829 

1-14 

18 

2-827 

M8 

14 2-822 

1-20 

36 

2-813 

1-31 

27 2-822 

1-22 

54 

2-800 

1-44 

41 2-816 : i 

1-29 

72 

2-781 

1-62 

60 2-810 

1-33 

r87 

2-770 

1^73 

• 69 2-804 ^ 

1-39 

*\96 

2-759 

1-83 

68 2-800 , 

. 1-44 

105 

2*748 

1-96 

( 77 2-789 

1-64 

,128 

2-727 

2-15 

*4 91 2-783 

>1-61 




UOO 2-769 

1-74 

(c) 15 e.c. of Ar/15*4-8-base 

114 2-744 

1-98 

andN/l-39-HI. 


132 2-707 

2-32 

Water 

= 3*023 




0% 

2*887 

1-13 



16 

2-882 

1-18 



30 

2-878 

1-23 



44 

2*879 

1-24 



59 . 

2*875 

1*29 



67 

2*874 

1-31 



. 74 

2-867 

1-38 



kf, 85 

‘ 2*870 

1-36 



*\ 93 

2-873 

1*36 



100 

5-880 

1*29 



108 

2-865 

1-43 



122 

2*869 

1-41 




* A; white precipitate appeared and disappeared between these limits, 
t A' brownisli-pmk precipitate appeared and disappeared between these 


duplicate determinations being 1*79 and 1*73, 'Whilst that ^forjthe 
P-hydroxy-chloride rose to 1*95 and l*93 ’(oorre<;i^e4:vahies, to’fiO Sapd 
I'St) in solutions from wbich a transient slight precipitate had liift 
cleadpi^ by the addition of’ 6 and 14% A^jcoess oif apid respectively. 
The^ lower values recorded for the a-hy(toxy-ohl<OTde may be due 
to a partial formation, by loss of water, of a mohoxy-ohloride, which 
would give a maximum value i = 1*6 (compare footnote, this vol., 
p. 319). 

fi^ii^-pomt depressions for the iodide solutions are ren- 
the sepiaration of Insoluble basic iodides; but 
^ tfe »-factor,' 1-34 and 1*31,, fur solutions correspondi^, 
fb with Vernon’s a-dioxyiodide, are in close agreement 

and; 1-34, for more dilute solutions 
eigrstadline sa^^^ although they ^are rather 
calculated from two, determin- 
atikme-of moteeida^. wei^^ Vernon (J., 1921, 119, 693). , Th^^e, 
values, which have been: reckoned on the conoentration of theih#i!^j 
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in the solutions, axe compatible 'with an almost complete dis- 
sociation of the a-dioxyiodide into a-hydroxy-iodide (i = 1-7) ^d 
a-ba^e (t = M), which ■would give an t-factor of 1-5., 

6ip oW measurements of ihe freezing-point depression of a 
solufidh of the ot-monoxyiodide lead to values, M = 146, i =,2'04, 
-wiiich ^ in close agreement 'with the corresponding J^gures, 
M = 143, i = 2-67, deduced from Vernon’s mejusurements (J., 
1921, 119, 693) W, since they were made 'with the unstable 
3 rellow form, which is “ extensively hydrolysed ” by ■wat^ (Vernon, 
loci dtl), we do not regard them as trustworthy, and. attach no 
impor^ce to the fact that they are slightly in excess of the niaxi- 
mum theoretical value for complete hydrolysis of the oxyiodide, and 
complete’ fi^atioii of l^ie respiting hydroxy-io^do. On the othfr 
hand,’ ‘the »-f^tors for solutions prepared by pfdihg hydriodic '^id 
to the free base are too low, as a result of precipitation of ihsolulble 
products from the solution. The most trustworthy value, therefor^, 
■was obtained by dissol'ving the colourless oxyiodide (m. p. 122®) to 
a dilute solution, of concentration 0-0264V, which gave an i-factor 
1'82, in good agreement with the values given by the soluble 
hydroxy-chlorides. 

The vfaqtor for the P-base at 50% neutralisation is about 1*4 
for each.molecpie of base, or 2*8 for a salt of the composition 

2T^eiiP.^Cl. . , , 

reference to the products which 
stages 6l neutralisatioii of the 

oi-Base. At 67% spl|^^ 

deposits the less soluble mon 9 ii 3 ri^^e|'.iand ti^' 
the hydrated dioxyiodide. “ilie 'paf^ij^te" l^n at ab^ut 80% 
neutralisation consists entirely of the inonoxyiodide, bnt at 100% 
neutralisation the solution deposits both the monoxyiodide and the 
di-io4ide. . ■ . , , 

4t,60% neutralisation (triojgdodide) the ?oluti(pj| slowly 
deposits a brown pr^ipitate ■with no definite melting poih^ ; this 
precipitate is probably analogous to the. basic bromide' wldch is 
formed during the potentiometric titration of the ^-base. At 67% 
neutralisatkai (dioxyiodide) the separation' of the Iteown precipitate 
leaves aec^ohrless eolation from whi(^ the ^■■didodide is obtained 
At 100% <niealralisation, ■the' normal prodhet would be ei^ud 'ja 
it^oxydodide'/ertattoondxjdodide fcto from 
however,’ 'the>' solution deposits' the ^ 
belfit#8i!n alkhiiae sdutioA of the base. 



e made in 
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Summary. 

{a) The molecular conductivity of the a-base at 2p® varies from 
3 to 6, and that of the P-base from 31 to 36, in the range from 
i;==:.32 — 512. The molecular conductivities are incpeased to 
about 40 (at v = 32) by saturation with carbon dioxide, but are 
reduced to normal values by passing a current of purified air through 
the solutions. * . ^ * j 

(6) Conductivity titrations of the bases show a break at ihe com- 
position of the hydroxy-halide, but give no indication of the presence 
in the solutions either of the normal salt or of any more basic com- 
pound than the hydroxy-haKde. 

(c) Potentiometric titrations of the a-base with a glass electirode 
show the typical behaviour of a weak base, forming a nearly neutral 
hydroxy-salt ; but they give no indication of the presence in solution 
of the dioxyiodide which Vernon prepared in a crystalline form. 
The curve for the p-base, on the other hand, shows an inflexion at 
about 50% neutralisation, corresponding with the formation of a 
basic salt of the composition 2 TeMe 20 ,HCl, which has not been 
obtained in the free state. 

IVe ^ indebted to the Department of Scientific and Industrial 
EeSeanih for a maintenance grant to one of us (F. L. G.) during the 
period within which the research now described was carried out. 

ov Oambbidgs. IBewivedf May 1928.] 


CCLXII. — Syntheses of Cydic Gompownds. P(M III. 
The RedvMian, of Some UnsalfmaU^, 

; hy Moist Aluminium Arno^am'- A New 
' cf Mono-S'id)$tiPuted Makmie Adds and of /3j8j8'j8'- 
Tetramethyladipic Acid. Fwriher Evidence for the 
MuRiplana/r Goniigwration of the cydloHeptane 
. , Bing. 

By Israel Vogel. 

ooaimmuGato (J., 1927, 1985; this vol., p. 1013) 
that trhereas ethyl ethylidenemalonate (1) 0$ ’ 
(mcast atoiwnitim amalgam yidds abaost exclusively 
tompensd' ^ll), ethyl henzylideuemalonate (III) 
yidd8« u^xtave oi thetoiii&deoulax compound (IV) and the bimolec- 
ular compound (V) in the puportion of approximately 2 to 1; a 
result which is obviously due to the presence of the phenyl group 
(compare Baerdi and Thorpe, J., 1926, 127, 1237). It was clearly 
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desirable to study the coirespondu^ pem-dimethyl, cycZopeutaiie, 
and eycZohezane compounds in order to obtain some further inform- 


<11) CHMe:C(COaEt)2 

(m.) CHPh:o(eOaEt)2 • 
(rv.) CH2Ph*CH(002Et)i 


9HMe*CH(C02Et)2 

CHMe-CH(COaEt)2 

9HPh-0H(C02Et)2 

CHPh-CH(002Et)a 


ation as to the effect of substituents. The grem-dimethyl compound, 
ethyl Mc^ropylidenemalonate (VI), had already been prepared in 
poor yield by Meyenberg {Be/r., 1896, 28, 785), but althou^ an 
iihproved method for its preparation has been developed, this 
compound was hot considered suitable for investigation, since it 
could hot be Completey freed from ethyl malonate by simple means. 

CMe2:C(C02Et)g <yi.) 

^;CH^C:0(C02Et)2 0H2<c^^5>C-0H{CO2Et)2 

(■vn.) (vni.) 


The cyclopentane analogue (VII) is likewise difficult to prepare in 
a state of purity (Kon and Speight, J., 1926, 2727) ; and the cyclo- 
hexane compound (VIII) normally possesses the Py-structure (Kon 
and Speight, loc. oil.), rendering it valueless for the work in view. 
The unsaturated cyano-esters, however, were obtained in good yield 
and in a state of purity. 


^asioacetat^' (IK) (Komppa, Bar., 1900, 
, I916> 48, 238 ; Birch ed Kon, 
J., 1923, 123, 2443) on redjWtioh vhthpxbhit aluspnipm amalgam 
in ether gave ethyl r-isopropyleyanoaQatate (XI) (main prodaot) 


(IX.) OM:e2:C(CN)-COaEt 9Me8-CH(CN)-C02Et 

(XI.) 0HMe2-CH(CN)-C02Et C)Me2-CH(CN)-COaEt 


together with the bimolecular compound, ethyl oeS-dicyano-pPyy- 
tetramethylbutam-o^-dimrbo^ (X). The constitution of (XI) 
was established by hydrolysis with alcoholic potash to isopropyl- 
malonic acid (Conrad and Bischoff, Annalen, 1880, 204, 144; 
Stohmann, Kleber, and Langbein, J. yr. Chem., 1889, 40, 211), 
and that of (X) by conversion into the crystalline amide on treat- 
m^t w^tl^ coioce^ated ammonia and into ppp'p'-tetramethyladipic 
acid (Eaxmar afpdKracovsM, J., 1926, 2318 1927, 681) by hydrolyse 
^th.c<mcentrated,h 3 rdrochIoric acid. Condensation of ethyl isp- 


1922, ,121, 2741) gave a 60% 

dim«y^(yjspcoiniot, appera tO; ]()e the 

preparin* 
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89, 1463) is less boDEVtoieiit and gives a smaHeir, yield (40 — 46%,; 
Pamier and Kraoovski, fod. oii.)* 

The redaction of ethyl cj/cZopentylidenecyanoacetate (XU) 
(Harding and Haworth, J., 1910, 97, 486) with moist, aluminium 


(XIV.) 


®*S>C!: 0 (GN)-C 08 Et 
(xn.) 

O4Hg>9-CH(CS0-COaEt 
C4H8>C*CH((3lT)-C08Et 


^‘^[iS>CH-CH(GN)-COaEt 

^ ® (xin.)' ' 


amalgam gave eStyl T-ojcliopmtylcyawacetatef. (XIH) ,(whi,Q]?i. on 
hydrolysis 'With alcoholic potassium hydroxide yielded cyclogj^yl- 
mdkmic acid) and a small quantity of a high-bqiling himpleot^air 
compound (STV). Condensation of (XII) with alcoholic potassium 
cyanide gave a good yield of l-carboxy<^cZopentane-l-acetic aoid 
(XV), a compound first prepared in small quantity- by itbiSrai'diLd 
Thorpe (J., 1921, 119, 1208) by the oxidation of c^cfopenlane- 
^tro<^c2ohexane-3 : 5-dione. The anJiydride of this substituted 
succinic ttoidis bnty rtiatively slowly affected by water, ccmcentrated 
hydcDchlorio acid, and by alkalis in tiie cold but is converted into the 
abiff on 'boffin^ fctf a tiiort time. ' 

'In a'^inbilar nmnuer the main product of the reduction.. of ethyl 
djMitimxylidmiecyanbaoetate (Harding, Haworth, and Perkxn, J.', 
1908, 93, 1943) (XVI) with moist aluminium amai^am was elkyl 
i->diyiAc^^lcyanoac€Me (XVII), characterised by conversion into 
cycidbexylmalonic acid on hydrolysis with alcoholic potastiiun 
hydroxide; a small quantity of the dicyano-ester (XVECI) yrkBidsd. 
piroduced. l-Carboxycycfohexane-l-acetic acid in .good 



/i^e int^otitA of the unsaturated cyano-ester (XVi) and 
_c potasatoit <^amde (LapwOrth and McEaO, J., 1922, 121, 
and iliorpe. J., 1921, 119, 1209), and its 
u. ,1 ’pitojfetty of being only slowly affected 

cSsrbOnate and by hydrochloric acid even 
.p, . WiJt^Ki&fecfthOse ‘‘'cyclic "succinic acids appeal? 

to properties between ordinary linsul^ 

stituted' ashydfid^k^ 'tihd 't^ose of tetraethyl- ' and 'tetraprojI^iF 
succinic acids (Walker «md Walker, J., 1906, 87, 961;' CJriohtm^l, 
1906, 89, 929), which axe derived almost spontaneously fitohilthe 
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acids-T— an experimental fact in striking agreement with the Thorpe- 
Ingold theqry. It is hoped to make a quantitative study of the 
ease of fission and of formation of these substituted anhy^ides in 
the peaar future. 

.rguberone reacts with ethyl oyanoacetate in the presence of piper- 
idine with the formation of effiyl cjcloheptylidmecyanoa^ta^ (XX) ; 


OOoEt OOoEt 

(XX.) (XXL) 


i-COaH 


(xxm.) 


(xin V GeHi,>9;OOaH 

rJ-W-) G8Hiis>C-CH(GN)-C02Et CHa-COaH 

'* t ' 4 1 ' I ' ! I . , i . 1 > * .1 ' * 

the 3 deld,,,|:|oweyer, is less than those of the corresponding gem- 
dimethyl cycllopentane and. cyclohexane compounds. Eeduction of 
(XX) mth moist aluminium amalgam yielded ethyl r-cycloAepfyZ- 
cyanoacetate (XXI) (characterised by thq, formation of ojolohept^l- 
imlqnic acid on hydrolysis with alcoholic potash) and the dicya^ko- 
^ter, (XXII). The bimolecular compound (XXII) is produced iii 
betti^r yield than the corresponding cyclohexane compound; the 
significance of this fact is discussed later (p. 2015). The condensation 
of ethyl , cycZoheptylidenecyanoacetate with alcoholic potassium 
eyan,ide resulted in a good yield of l-carboxycycfoheptane-l-acetic 
acid (XXni)> a compound first prepared in minute amount by 

1924, 129 ? 18^0) by the interaction 
et]^I sodiocyanoacetate and 
resepibles the ^'cyclohexane 

readily than suberoue with e^yl oyanoaceWtd ik the of 

pipmdine, yielding et^l tcaim-deca^kro'-p-TMjaMhyliden^a^- 
WS^aU (XXIV), which on reduction with moist alumimiuh 
amalgam gave only one T-trajis-decckiyd/ro-PwpMJi^^ 

(XXY or XXVI), and only one diCfihydaro-^-nc^Mliy^^ add 


^ (pOgEt 
4XXIV.) 


Hg Hg 


WX 
-9 Jh 


X H JHo 


“jjtxxiv.) ■ (2^.) '(XXVI.); 

.<■ ■ ‘i X = cH(CN)-cOgEt ■ . 

i'J , ' . , , , 

[X B 0H(0O2H)g] .was produced on hydrolysis ox the lattelf..^ 
'«^tt«pcig^tBaMum hydro^de. A care^. search .did 
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2437 ; 1926, 127, 439, who were able to isolate oiily one ootahydro- 
acridine by the reduction of tetrahydroaoriddne with sodium 
amalgam). 

The results are in harmony with the complete mechanism df the 
aluminium amalgam reduction process (this vol., p. 1017). The 
poor 3 delds of the bimolecular compounds must be attributed to the 
presence in CRiE 2 lC(CN)*C 02 Et of groups RiE 2 relatively large 
molecular volume — “ the volume factor ’ — and also to the presence 
of the strongly negative cyano- and carbethoiyl groups— ‘‘ the 
polar factor ” — ^both of which will tend to render tl^eiformation of 
bimolecular layers difficult. Since the second effect, m constant 
throughout the series, one has here a possible method of determining 
the configuration of simple rings. The cycZopentane ring is usually 
regarded as having the relatively strainless uniplanar configuration, 
and the work of Thorpe and Ingold and»their coUabWaiors on 
compounds (J., 1915 — 1926), of Thorpe and others on irihjg^BSn 
tautomerism (J., 1922 et seq.), and numerous incidental observations 
make it extremely probable that the cycZchexane ring is relatively 
strained and has a uniplanar structure. On this basis, {.e., assuming 
the uniplanar configurations of these rings, the angle 6 {vide inffa) 
has been computed by Thorpe and Ingold.* 'Tt is suggested that the 
yields of bimolecular products are probably dependent dbt the 
tetrah^al argle ti, i.e., on the strain in the ring. If this 'rore so 
and thb c^cZoheptane ring had a uniplanar configuration, one would 
anticipate a progressive decrease in the yields of the bimolecular 
compounds on reduction of the appropriate unsaturated oyano- 
esters under comparable conditions. If, on the other hand; the 
strain in the c^cfoheptane ring is relieved by its having a rhultiplahar 
structure, an increased yield of the bimplecular compound wotdd be 
anticipated in the c^^cfoheptane series. The experimental results 
are eiidiibited in Table I and it will be seen that in every case more 

Table I. 

(A) ciint.E.-OH(as0'Oo^t 


CRiE*;C(CN)-CO,Et. Yield % (A). Yield % (B). 

SB jiem-dimethyl 109^5® 63 21 

CBiBs = cj/oZopentane 109*3 79 13 

OBiBj =: cj^cZonexane 107*2 84 6 

CBiBa = c^Zoheptane 106*3 72 " 12 


than 80% of the initial material has been accounted for and that 
there is no doubt that the yield of the bimolecular compound is 
much greater in the cycZoheptane than in the cydchexane series. 
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This, then, would appear to provide evidence for the midtiplanar 
configuration of the seven-membered ring, a result in accord with 
the conclusions reached by other workers (compare Baker and 
Ingold, J., 1923, 123, 122 ; Dickens, Horton, and Thorpe, J., 1924, 
125) 1830; Baker, J., 1926, 127, 1678; Meerwein, J. pr, Chem., 
1922, 104, 161). Physico-chemical evidence in support of this view 
is provided by measurements of the parachor (vide infra, p. ,2018). 

A few preliminary experiments, for which no great accuracy is 
claimed, were made on the effect of substituent groups on the rate 
of esterification in the succinic acid series. The yields of the 
diethyl esters under fairly comparable conditions for succinic acid, 
flw-dimethylsuccinic acid and l^carboxyci/cZopentane-l-acetic acid 
were respectively 74%, 66% apd 62% ; these are in agreement with 
what would be anticipated from the angles 116*3*^,dp9*6® and 109*3® 
calculated on the Thorpe-Ingold theory of valency deflexion. The 
results of a detailed investigation, comprising aU the substituted 
succinic acids described in this paper, oh the rates of hydrolysis and 
of esterification will form the subject of a future communication. 

VariOtis physical constants of some esters have been determine 
or calculated (see Tables II and III). The refractive indices are 
for the D line at about 20° ; the exact temperatures are given in 
the experimental section. The surface tensions and densities were 
determined over a range of temperatures and have been reduced to 
20?^^jacto^^ with temperature being assumed. The 

from 'the 'formula P = ^ Mfd, 

the density at the same Q$doidaied< vidues 

of the parachor, E[P] (calc.), the stmhtmflb aiiid the a^miG'' eowiliistt 
of Sugden (J., 1924, 125, 1187 and subseg^uent ;^pers) have been 
employed. The constants for the cj^c^dxeptene * and deoahydro- 
p-naphthalene rings have been taken as 3*6 and 12*2 respectively 
(vide infra). It will be seen (Table 11) that there is a regular 
increase in the boiling point^, irefraotive index, and surface tension 
as the size of the substituent ring is increased. The agreement 
between the observed and the calculated values of the parachor for 
the cyclic compounds is satisfactory ; ethyl r-isopropylcyanoaoeiate 
exhibits aU anomaly of — 5*0 which is due to the presence of the 
grem-dimethyl group. This negative anomaly in compounds com 
taining gpsm^ditaethyl groups has been: previously observed by Sugden 
and Wilkins {J., 1927; 139) for ethyl caronate and by Sugden 
(this voL, p. 410) for certain photone d®rivatives, blit no explanation 
has yet been advanced. ^ : J irt: 

‘ * A provfsibiiai value 'c^ed^ed from the pareichors of ethyl 
oyahoaCetateaod‘Mherol4€f^ 
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TAtaiS II. . 

CyanOfeaiers CH!E(CN)*COJE3t. 


ia<>- 

E Propyl. 

B. p. (fami.) . oa'/ie 

no 1'4243 

dJS' 0-9866 

[EiJi) (obs.) . 40-08 

[BJotoalo.). 39-62 

31-82 

fP] (obs.) ... 374-8 

2[P] (eaJo.) 379-8 


cytio- eydo- 
Pentyl. Hexyl. 

129»/13 146“/14 

1-4636 1-4612 

l-024i6 , 1-0210 

47-86 62-39 

47-65 '62-21 

34-77 , ,,36-68 : 

430- 1 467-6 

431- 6 468-7 


vydo- ; Deoahydro- 
Heptyl. ’ p-iMH>hthyl. 
149‘’/11 i 86‘’/12 

1-4664 .‘ 1-4802 

1-0206 ■ 1 - 0^01 
66-78 68 - 73 . 

66-89 ■ 68^64 

. 36-09 , 36-33 ' 

602-7 . 694-6 

606-2 696-6 


Table HI. 



(Jtvi.). 

(XX.) . 

(XXIV.) 

(HI.) , 

(IV.) 

B. p. (mm.) .. 

nti 

181"/12 
. 1-4974 

160-/12 

1-6003 

196“/14 

1-6108 

179-6°/i4 
: 1-50^0 • 




1-0558 

1:0536 

1-0519 

. 1-10(37 „ 

1*9(169 

IPJd (obs.) .. 

53-67 

,67-86 

70-34 . 

70-25 

66-95 , 

[P/Id (calc.) .. 

61-80 

‘ 68-62 

68-08 

— 

— 

y20''v..«p.^ 

.37-89 

37-57 

37-61 

38-68 ' 

35*69 


464-7, . 
457-7 

487-7 . 
’494-2“ ' 

$82-3 . 
585-6 

661-1 . ‘ 
569-^ 

. fS;? 


TK ‘ . I ^ -I ' , 1 ' < ' * ' ‘ ‘ ' ,5' ' 

exaltations oi molecular refraotivity of tke limsaturatedicomi- 
pounds. {Table III) arfe due to tke presence of conjugated .double 
bonds. * The . observed and the calculated ralues of the^ parachor 
agree .to ivithin 1 % except for ethyl cycZoheptylidenecyanoacetate 
fXX), where the difference is slightly greater. The low values for 
&e unsaturated cyano-esters may be due to the fact that these 
compounds may exhibit, in addition to ordinary three^oarbdn 
tautomerism {A = 5 =^ S), ring-chain valencJ‘.tautaaneidBjnr‘(J 8 ‘;^^ €) 
to a very; small , degree (compare Ingold a^Shoi^peej ^ 

3d{h;^3ugde|i»< p. 410). No) ohezhioal evidence has) yet ^been 
m support of ithia sugge^ • , > , 

(^) mt '■ ' (0) OEt 


homologoas kotoues c^clopentanone (D), c^cZo- 
(F) «o.d for irona-p-deoalone (G), 
oigrBt«ffia^ bisulphite compouiwlB,, are in, 
H^i^xelcaotive indsAand the surf soeteusion both increase 
^t^i^.8^^^aa9eade4- 'The, line headed 2:[P] (calo.);ooaiprises 
^e alwvaic tK^nstaats plus the value for one double bond, 

and [P] (ols.} — SfP] (calc.) therefore gives the value of. the ring 
eoi^ant determined experimentally. The calculated values of the 
ring constant have been computed from the “ degree of unsatnr- 
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Table IV. 


D. 

B.p. (ttm;)'; 129 -e*/ 761 'l 

»D .’ 1*4383 

^ 0*9486 

[Silo (obs.) 23*18 

[.9^0 (calo.) '. 23*10 

ya* 33*85 

[P](obs.) 214*2 * 

2[P](ealo.) 204*0 

Bii^ cc^taat (obs.) ... 10*2 

Bing constant (oalo.) ... 9*3 


E. 

E, 

G. 

47°/15 

7r/i9 

106®/12 

1-4621 

1*4635 . 

1-4809 

0-9457 

0-9496 

0-9787 

27-89 

32-44 

44-44 

27-72 

32-34 

43-99 

34-61 

35-37 , 

36-57 

261-4 

288-0 

382-4 

243-0 

282-0 

364-8 

8-4 

6-0 

17*6 

7-7 

6-6 

16-4 


” (Sugden and Wilkins, J., 1927, 142), and that for deoahydro- 
naphthalene ii| as^puned to he the sum of the values for two cydo- 
hexane, lings.; agreement, botwe^ the obseoed. and the pal- 
culated values of the ring eonstant is njoteworthy, hd^ “ opn- 
stants ” vary slightly from substance to substance, bring indiienced 
by substitution (compare Sugden and Wilkins, he. ciL). The, 
constats employed in computu:^ S[P] (calc.) in Tables I|II;and;IV 
are the mean experimmhd values of Sugden (J., 1924, 125, 1185). 

The constant obtained for the <raMs-decahydro-p-naphthaiene ring 
(17*6) is praotipally twice that found for the eyefohexane ring (8*4) ; 
this supports the view that the two rings from which the <ra?M- 
decahydro^naphthalene molecule is built up are structurally 
similar (compare Ann. Ref., 1927, 24, 99). The ring constants for 
quinoline (Morgan and'^^omssen, J. Amer. Chem. ^911, 33, 
135j^^ 1187) and naphthalene (Bhathigar and 
1#^ JS^iSS^irireitespei^vely. 

thus indioating that 

for two six-membered rings.; . *>'M ■■dq 

Almost the only evidence whieh haS been, adduced in lavesffbf 
the multiplanar configuration of large-membered rings (from seven 
uptrafds) is that based on the determination of the molecular volume 
(m<d^^dac weight/density) (Euzicka, Brugger, PfeifEer, Sohinz, and 
hixSl,',Bdo. CMm. Ada, 1926, 9, 499). The '^ork of Sugden and hjs 
collaborators has shown that much more trustworthy values are 
obtained by comparing molecuilar vcdumCs at temperatures, at which 
the substances have the same surface tension, or, in other words,, 
by the measurement of the paraohor. Theoretically, it Would he 
expected that the;diSerence in the magnitude of the pCxachor for 
GHa in laage rh^ would approximate to 39*0,. the value for 
. in an open-chainsystem, if,the,largejri^ are multiplanar and ther<)i*. 
fore largely collapsed, so that the effect of an additional GHig group 
would he almost the s4me as its effect in a similarly onQ|i^kd.. 
ahphi^.^haSn^chmpaim 1926, 23, 117).'' *. Ifo 

s^spffiht«4eplBon’da^-^a^ available for: uyoMe 
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parachors, however, can be readily calculated from the observed 
values for the cycHo ketones by substituting the value of 2H for 
‘.O, both of which are known with some accuracy; the results are 
undw [PJi in Table V. 

Table V. 

6-Rmg. 6-Bing. 7-Ring 16-Rmg. 16-Rmg. 

[Pi] 206-2 242-4 , 270-0 — ’ — - 

IPiVn 41-0 40-4 39-7 — 

2[P]{ealc.) 204-3 241-7 270-6 688-1 626-9 - 

2CP]/»i (calc.) 40-9 40-3 89-9....W.... 39-2 39-2 

[P J/«, where n is the number of CH 2 groups in the cyclic hydro- 
carbon, represents the observed volume occupied by the CHj group 
plus a share of the internal space of the ring. The value for CHg 
in the (^ck^eptahe ring approximates closely to that for OHg in an 
open-chaiil hydrocarbon and thus gives further support to the view 
that the seven-membered ring is mnltiplanar (p. 2015). .AcconUh^ 
to Mohr (J. pr. Ghem., 1922, 103, 316) there are two “ sti»ftjless ” 
fonhs Of ^e cycloheptane ring, each of which occupies three planes. 

Since, however, the isomerism demanded by these forms has not 
been observed experimentally, it must be assmned that these merely 
represent phases of the contortions of the nokoleoule. - 

Q^e parachors of the cyclic hydrocasboos’ Imva 'beeti’cbiB|(ii^ 
from -tile sitm off the atomic constauits phe 

derived from the- degcbe ki. tensattcfartidh ” ^Sngden 
Wilkiiis, J:, 1927, 142); and ane ^ven'in the Hue X[P] (oale.)^ 
tie eoostribntion peit 'C^ grl^p iS'^V^n in the last line of the table, 
^be sgreameat between experiment atui theory for the 5-, 6-, and 
T^memberod rings is satisfactory and it is hoped to extend the 
rekdtB to larger rhags as -soon as the necessary materials havd beem 
c^ntaiioed. 

'The ' WoriE! is being continued cmd will include a study of the 
a&^stibn‘d[ the saturated cysmo-esters and the optical resolutkm 
of iiie ooneepebding oyaao-abids and their derivatives. 

!• , ■ 

ExPEEIMEKTAL, , 

iaoPrepylidmemaloneas (VI).— Ethyl makmate (lOO-^ifiJ* 
acetone (54 g., dried over calcium chloride), acetic anhydride 
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andzaijc omoride (23 g.) were heated in a closed vessel at 100° for 36 
hours. The products of three such condensations were freed from most 
of the aoetic aiihydride and acetic acid by distillation (up to 140°) ; 
from 'the residue, a fraction distilling above 90°/20 mm. was col- 
lected^ the distillation being stopped when the pressure had risen 
50 m,m.. On refraotionation, ethyl malonate (40 g.) distilled at 
90-^110°/20 mm. and ethyl ^^opropylidenemalonate (196 g.) at 
110 — 128°/20 mm. For use in syntheses, the latter was redistilled 
and the middle fraction collected. 

Attempts to synthesise norpinic acid by the condensation of ethyl 
Wpropylidenemalonate with ethyl sodiocyanoacetate, followed by 
treatment with methylene iodide and subsequent hydrolysis, under 
a large, variety of owiditions were aE unsuccessful owing to the 
tendency 'of the initial Michael addition product to lose ethyl 
malonate. 


gem-Dimethyl Series. 

Ethyl Q^-Cyam-^^-dimefhylacrylate (IX). — A mixture of 200 g. of 
dry acetone and 200 g. of ethyl cyanoacetate was treated with 2 g. of 
piperidine. The deep yellow solution obtained was kept for 60 
honrs, refluxed for 4 hours, and again kept for 60 hours. Ether 
was then ^dded and the solution was washed with dilute hydrochloric 
acid and with water, dried with anhydrous sodium sulphate, and 
distillp^. The pme compound distilled at 114 — 116°/14 mm. 
‘ “ 4 pm.) and, unless precautions were taken, solidi- 

I* ^ P- 


state that it " solidifies when cooled in ibe.”). 

Bedttc^vm wiA Moist Alvminivm Amdtgcm in Ether. PreparaUon 
of Ethyl. s-isoJPropyh^amaeetate (3II) and of Ethyl oS-DicyanO' 
^iyt^tetr(mefftyUniicme-o^^ (X). — ^The ester {50 g.) was 

ibduoed with.75 g. of moist aluminium amalgam {J., 1927, 594), and 
^ .jirpduo^. worked up after 7 hours* On distillation, ethyl iso- 
IKfopyloyanoaoetate (31-5 g.) passed oTer at 100 — 101®/15 mm., 
leaving a high'boiljng residue (10-5 g.). The former, on refraotion-i 
aliinn, disi^U^ ati mm. (Ffeoher and ^Tatau, iSer., 1909, 42, 
2983; giye b. .p*‘ 116—116724—25 mm.) and had n^ 1-4243, 
Q;98^, ^-08, (cajo., 39-62) (Round ; , 6,, 61-8 ; H, 8-3. CaJto. : 

pn^l-9; H, 8-4.%). ,The latter, an extremely viscid reddidi>hrciwiib 
oil, wM treated ^br 48 hours vdth a large excess of ammonia 
the;,|aod>'i9*» being washed -with dilute hydcochlcoic 
oiy^jy^ljsed .methyl alcohol, the m ' * 
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if, in camphor by East’s method, 275. O 14 H 21 O 3 N 3 requires 0, 
60-2; H, 7-6%; if, 279). 

Hydrolysis of the EsUr (X). Preyaaration of ^^p^'-Tetramefhyl- 
adipic Acid . — ^The high-boiling product was boiled for 6 houiB 
with concentrated hydrochloric acid (10 parts); after 13 hours, 
ppp'p'-tetramethyladipic acid, accompanied by a very small quantity 
of carbonaceous matter, separated. The acid crystallised from hW 
waW in colourless thin prisms, m. p. 207"^ alone or mixed 
authentic specimen (Parmer and KracoVski; Ji, 1926, 2822); 'This 
appears to be the most convenient mode of prejpaaing this acid. 

Hydrolysis of the Ester (XI). Preparation ofiBOPropfimMnic Acid. 
— Solutions of the ester (18 in rectified spirit (36 g.) aild Of potass- 

ium hydroxide (31 g.) in Water (62 g.) were mixed, refluxed for li 
hours, and evaporated to dryness. An aqueous solution of the residue 
was shaken with ether to remove any unchanged ester, 
acidified with dilute sulphuric acid, and extracted five times with 


ether; from the extract, isopropyhnalonic acid was obtained as 
an oil which crystallised completely when left over concentrated 
sulphuric aqid in a vacuum desiccator (yield, 12*6 g. or 75%). The* 
acid crystallised frbin hot chloroform m prisms containing chloro-; 

qf oryptaJli^tion which was lost on ei^osuTe to air; thd 
o^^ue white residue had m. p. 87 — 88® after 24 hours, m. jil* 88 ^ 
^^’“‘'(d^pmp.} ai^r 48 hours, and was then unafiected by'fiS^her 
to the atmosphere (Pound : C, 49 - 2 ; H, 6-9 ; equiv./f^ 
titi^tion, 74. Calc. : 0, 49*3 ; H, 6*9% ; equiv,, 73). Similar 
behaviour was observed by Eomburgh {Bee. trav. chim., 1886, 5, 
238), who found that the acid crystallised from benzene With ® 


molecules of benzene of crystallisation which were lO^t bit e::^sttre 
to the atmosphere; the residue melted at 87®. 
of the Ester (IX). uiM 

0- gi) 

Ki^^ed Traei S'6 g. of 96% 

65wbi<jl!e'(l2,SLi^.) ill ^ter.’ The mixture, -which 

^atm, ihe dlbohol was then distUled 

otf,* a h^e exise^ hydrochloric acid added, and 
ttdi^’i^ux'fdr 3 Ifo-ar^, cooled, diluted -tvith waW, 
sii^ ^des W%‘eth^r aftdr addition of ammbiduM 
dw’-^i^meithylsaijcMc acid obtained from the exfoaot 
melted, afteir crystallisation from concentra^d 
hydl^^^^ l^t 1^1’° ; m^ p. of a mixture with an antbeiitic 
Bpecimbh'(i^ja^''s|Od[^^ J., 1906, 89, 1465), 141— ife®. 

Eih^l aa-ct^i/ii^di^^i^intcle Was prepared , by heating a mixture of 
8-0 g. of the crudb acid, 40 g. of absolute alcohol, 40 g.. 6 f sbdiuni-?* 
dried benzene, and 4 g. of concentrated sulphuric acid tindbr reft^ ‘ 
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for 5^ hours and was isolated, after the addition of water, from 
the boQzene layer and an ethereal extract of the aqueous layer. It 
hadb.p.l06 — 108°/203iun. (yield, 6'9g.or62%). On redistillation, 
it had b. p. IOI 7 I 6 mm., 1*4209, 0-9946, [Silo 61-63 (calc., 

61-69). 

. !For purposes of comparison, ethyl succinate was prepared from 
Kahlbaum’s succinio acid under similar conditions ; the quantities 
employed were 16-0 g. of succinic acid, 76 g. of absolute alcohol, 
76 g. of sodium-dried benzene, and 8 g. of concentrated sulphuric 
acid. The yield of ester, b. p. 102°/16 mm., at the first distillation 
was 16-3 g. or 74%. On redistillation, it boiled constantly at 
103714 mm. and had 1-4193, 1-0384, whence 42-37 

(calc., 42-46). 

cyoloPfiwtone Series. 

ci/cZoPentanone was prepared by the catalytic decomposition of 
adipic acid (6.P., 1911, 266,622; !Eog» Adams, “Organic Syn- 
theses,” 1926, 5, 37), but in view of its volatility in ether vapour 
the crude (^clopentanone was separated from the small aqueous 
layer, neutralised with anhydrous potassium carbonate, and distilled; 
the pure ketone passed over at 130°/766 mm. A further small 
quantity was obtained from the aqueous layer by extraction with 
ether. 

Ethyl cj/cle^entylidexLecyanoacetate (XU) was prepared by the 
oondeosation of equimoHecuiac quantities of c^cZbpentanone aM 

{oesenoe of pipeoddine (for conditions, see 
The scdid obtained whm the 
product was poured into watte<e®n.taineda oansidei^a.ide quantity of 
oil (compare Waiviitig and Haworth, J.‘> 3c9K), 97; 490)^' tids 'mie 
extracted with ether, washed in the etitereal solution with ddwte 
hydrochloric acid and with water, dried with anhydrous sodium 
sriphate, and distfiled; a mixture of cycihpentanone and ethyl 
cyiuiioacetate passed over, followed by the esto (XU) as a vticdd 
crdcnndess oil which crystallised on cooling (yidld, 66—^%). 

Seductifm mfh MoUA Mvminivm Amalgam. Preparorion of 
t-ef<shPem^/kymooiAdciie (XIH). — ^The ester (60 g.) was reduced 
with 76 g. of aluminium amalgam under the usual conditions : 
thmie was a p^asdolf iztdaotion for 3 to 4 hoxurs and the reaction was 
complete after 16 hours. On being worired np in the usual manner 
and distilled, the product gave eeitpl r-cyoloperatg^c^noocetoite (XUE), 
b, p: 130^13l°/12sam. (38*6 g.), apd a hi^-boiling residue (XI^ 
(6-3 g.). The former pn redistillation boiled at 129‘’/13 nun. antil 
had 1-4636, 1-0242, [Ej;!, 47-^ (calc., 47-66) (Pound 
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obtaiaed crystalline. Its bimolecular character, was established by 
a determination of its moleoular weight in camphor by Houben*s 
modification of East’s method (J. pr. Ohem,, 1923, 105, 27) (Found : 
If, in camphor, 366. G2olEL2^0^2 r^qiiires if, 360). This and 
all the other bimolecular cyclic compounds are not readily hydrolysed 
and appear to have oyelio structures analogous to that of the 
reduction product of mesityl oxide with moist aluminium amalgam 
{compare Vogel, J., 1927, 694). 

Hydrolyds of the Ester (XIII). Preparalmh of ojcloPentyU 
malmic Acid. — ^The hydrolysis was carried outeisadly as described 
under ethyl wopropylcyanoacetate. The quantities.emplayed were 
19 g. of ethyl cycfopentylcyanoacetate, 40 g. of rectified spirit, 36 g, 
of caustic potash in 70 g. of water ; the yield of the crude acid was 
almost quantitative. It separated from hot chloroform in small, 
gHsteuing plates, m. p. 165° (decomp.) (Pound : C, 66*6; H,. 6*9; 
equiv., by titration, 86. 08B[i204 requires 0, 66*8; H, 1*0% 
equiv., 86). 

Condensoition of Eth^l cycloPentylidemcyarioa^etate with Alcoholic 
Potdsmm Cymide. PreparaMon of l-Carboxyojelopentam-l-acetic 
Acid {XV).-^The condensation was carried out exactly as described 
fbr ^dimethykuccinic acid : the quantities employed were 26*0 g. 
of ester, 126 g. of rectified spirit, 20*6 g. (2 mols.) of 96% potassium 
■cyanide in 45 g. of water; the yield of crude acid was 19-6 g. or 
81%, The acid crystallised from concentrated hydrochloric acid, 
in which it is much less soluble than the g^eTT^-dimethyl compound, 
in small glistening prisms, m. p. 160° (Pound : C, 66-8; H, 7*0; 
equiv., by titration, 86. Calc. : 0, 65-8 ; H, 7-0% ; equiv., 86). Wim ^ 
original specimen of Norris and Thorpe (J., 1921, 119, 1209) was 
found to melt at 154*6 — 166*6° : mixed m. p. 165*t**'16IE°w 
yj^ ^ydrid^ was prepared in 90% yidd % 

4 mols. of acetjl chloride and the excess of 

aoeiyl chloride in a vacuum over caustic potadi. After two distil- 
lations it boiled at fid mnii as a fairly viscid, colourless 

fi^uM which crystallised when left in contact with light petroleum 
|bv;p. 40*-40°); m. p. 32° (Pound: C, 62*0; H, 64. O3H10O3 
neqmr^ 0, 62-3; H; 6-6%). 

: 93^6 awilfc acid was fonhOd when the anhydride and aniline were 
solution. After removal of the excess of aniline 
id i^y^fodddric acid, and i^ontaneous evaporation of the 

crystallised from dilute methyl alcohol, 
the aiii& dlnd^ separating in thin, feathery plates which melted 
169° and decomposed with the evolution of steam at 170° (Pou|^S 
0, 67*8; H, 7-1. C14H17O3N requires C, 68*0; H, 6*9%). ff g:* 

The ethyl ester was prepared exactly as described undc^^hyl 
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ofi-dimetlxylsucomate : the quantities employed were 7*0 g. of crude 
acid, 35 g. of absolute alcohol, 85 g. of sodium-dried benzene, and 
3'5 g. of concentrated sulphuric acid. The yield of ester at the first 
distillation was 5-9 g. or 65%. On redistillation, the ester boiled 
at 129713 mm. and had Kg’** 1*4477, 1*0412, 58*63 (calc., 

5^72) (Found: 0, 63*0; H, 8*9. C12H20O4 requires 0, 63*1; 

H, 8*9%). 

ojaloHeaxtm Series. 

Ethyl (^cZohesylideneeyanoaoetate (XVI) was prepared by the 
condensation of pure cyci^hezanone and ethyl cyanoacetate in the 
lU^esence of pipeddine (Barding, Haworth, and Perkin, he. eit.) in 
CO, 60% yield. The pure ester, thrice distilled under reduced 
pressure, boiled at 151‘’/12.mm. and had mg'"* 1*4974, 1*0556, 

[jBzId 53*57 (calc., 51*80). lapworib. and McRae give b. p. 16(^-^ 
163715 mm. (J., 1922, 121, 2754); Birch, Kon, and Morris (J., 
1923, 123, 1373) give b. p. 151710 mm.,*?,?"’ 1*05394, 1*49670, 

which give [jBJb 53*59 in good agreement with the value determined 
by the present author : the values 53*94 (calc., 51*59) given by 
the latter authors are erroneous. 


Preparation of Ethyl 
T-oyoLoHexylcyanoacetate (XVIl). — The ester (100 g.) was reduced 
with 150 g. of alumiaium amalgam ; there was a period of induction 
of about 3 hours and the reaction was complete aft^ 9 hours. When 
the prq(|a!(4.'waa worked up in the usual manner and distilled, (^yl 

S*) passed over at 1 44-“ 
wiiw sesidixe weus diss(fived in metl^jd tloch(d« 
the solvent evaporated in: sul^uiio 

acid, and traces of impuriiues reiQ0V^l^:r^p^t6d )sztriU:iadtt^^ 
boiling light petroleum (b. p. 40 — 60®); prbduot crystalliiM 

completely when left in a vacuum over concentrated sulphuric 
add for 24 hours (yield, 6 g.). It melted at 87® and was the bimolec- 
ular cyemo-est&' (XVIII) (Found : M, in camj^or, 396. Og^H^O^Nj 
requires Jf, 388). The liquid reduction product on redistiUation 
bdled at 145® /14 mm., and had »g®* 1*4612, 1-0221', whence 

[Bil, 52*39 (calc., 52*21) (Found: 0, 67*5; H, 8*5. OuH^OaM 
requires 0, 67*8; H, 8*7%). 

Syd/rcJ/ym of i&e Meter (XVII). PrepmrafUon of cyt^oHexyhmUmie 
ricid.— The -hydrelyris was carried out as described under etiiyl 
iaq^uopylcyanoacehskte and was considered to be complete after 18 
hspc?,; .The quaBttfciiBS .employed were 20 g. of ethyl eychh^h,, 
oyaneapetate, 40 gi.,<rf reorified spirit, and 30 g. ot pot ‘ 
hydror^:ii:| 60; a£ trakter. The acid, which whS obt 
praoridijU:f ^Uantita 
in feathery plates, 
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cfofoliesylmalonic add was established by direct oomparison mth 
afflauthemtio speoimMi, m.p. X76 — 177° (decoiap.), synthesised from 
bromcK^clohezaae and ethyl sodionoalonate ; mixed m. p. 177 — 178° 
(decomp.). 

The condensation of ethyl cyctohexylideneoyanoaoetate mth 
alcoholic potassium cyanide had previously been carried out by 
Lapworth and MoBae (J., 1922, 121, 2754) : the quantities here 
emiE^oyed 'were 30 g. of ester, 160 g. of rectified spirit, and 21‘1 g. 

(2 mols.) of 96% potassium cyanide in 46*6 g. of 'wab^. Hydrolysis 
'was effected by boiling under refiux with a laige excess of concen- 
tinted hydrochloric add for 6 hours : the use of faming hydrochloric 
add (Lapworth and McBae) seems unnecessary. The 1-oarboxy- 
csdbhexane-l-acetic add (yidd, 24*7 g. or 86%) crystallised from 
concentrated hydrochloric acid in fiat prisms, m. p. 134°, but was less 
soluble than the corresponding gem-dimethyl and c^cjopentane 
compounds. It may also be orystalfised &om <Morof<»S(h-Ii||ht 
petiroleum (b. p. 40 — 60°). Its constitution was confirmed by a com- 
parison with tibie original ^eoimen of Norris and Thorpe (J., 1921, 
119, 1206), m. p. 132°, mixed m. p. 133 — 134°. The aj^dride, 
prepared in 92% yield by the method described for the cydo~ 
peatime analogue, crystallised from li^t petroleum (b. p. 40—60°) 
in plates, m. p. 66° (Norris and Thorpe, loc. oit., give m. p. 67°). 
The aniliG acid, prepared from the anhydride and aniline in benzene 
sohition, crystallised from dilute methyl alcohol in lustrous, glisten- 
ing |dates, m. p. 181° (deoomp.) (Norris and Thorpe, he. cit., give 
m. p. 180°). 

cycloHepiane Series. » > 

Ethyl ojcloHeptylideneoycmcHiaslate (XX).— Suberone, b. p. 
lSl°/769 mm., was prepared in 35 — 40% 3 deld by the 
of thorium suberate (Buzicka, (^im. 
and later by the <»talytic deooatipcB^on of subdcic atdd, full deta^ 
of which axe given iu the fdllo'wxng oommmfioallon. 

, A mixture of the hotone (44 g.), ethyl eyanoacetate (46 g.), and 
P^ 9 ®ddine (1 g.) was after 48 hoiars heated on a steam-bath for 4 
hours, cooi^, and pouredmto water. The heavy oil produced was 
isolated by means of ether and, after the usual washing and drying, 
woa.distiUedi; suberone and ^hyl eyanoacetate passed over first, 
(hea the <^i^mo-68ler (XX) at 162 — ^163°/14 mm. (yield, 27*3 g. 
^ ^ treatEDg the low fraction with a large excess of 

aqaeous-alcdfcioHc sodium bisulphite solution (Euzicka and 
Eds. Ghim, Ada, 1926, 9, 339), 18 g. of pure suberone 'W«|»i 
recoveredL' On redistillation the estm? boiled at 160°/12 mm. 
had Mg'* 1-6003, 1-0634, [BJb 57-86 (calc., 66-62) (Bsand : 

C, 694; H, 8-2. OjaHijOgN requires C, 69-6; H, 8-3%). 
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BedtceHon wi& Moist Akmmiim Amc^am. PreparaMon of 
Ethyl i-oj<ioH&p^ley(moacetate (XXI). — 17’2 6. of eiihyl eych- 
hei^Meueoyanoaoetate 'wexe treated 'fvith 35 g. of moist aluminitim 
n.Tn»1gfljn ict ether ; there was a period of induction for several hours 
and the reduction was considered complete after 18 hours. The 
product was isolated in the usual manner and distilled, efftyl r-cyolo- 
heptyhyanoaeetate (12*4 g.) passing over at 152 — 164®/12 mm., 
mainly at 1^“/12 mm. The residue, which solidified to a transparent 
glassy solid on cooling, was treated several times with boiling li^t 
petroleum (b. p. 40 — 60°) to remove impurities ; it crystallised after 
being left in a vacuum over concentrated sulphuric acid for 48 hours 
(yield, 2*1 g.). It had m. p; 74° and was the bimolecular compoimd 
(XXII) (Xouud : M, in camphor, 418. requires M, 

416). The liquid reduction product on redistillation boiled at 
149°/11 mm. and had 14664, 1-0209, whence 66-78 

(calc., 66-89) (Found : 0, 68-7 ; H, 9-1. requires C, 

68-9; H, 9-2%). 

Hydrolysis of the Ester (XXI). Preparation of ojoloHeptylmcdonic 
Acid. — ^The hydrolysis was effected as described imder ethyl iso- 
propylcyanoacetate, the quantities employed being 6-6 g. of ethyl 
cyeZoheptylcyanoacetate, 13 g. of rectified spirit, and 7-0 g. (4 mols.) 
of potassium hydroxide in 14 g. of water. The crude acid was only 
sparin^y soluble in chloroform but crystallised from behzene- 
aoetone .m.iiiin plates, m. p. 164-5° (decomp.) (Found : 0, 60-0; 

0, 60<0 ; H, 8-0%). 

Oondmscmm cyxAoH^iyUdenecmwneekite teUh Alc^^ 


Potassium Cyanide. Pr^parediofi of l-Cbr&oa^yoIoAqpMte-l-oe^ 
Aeid (XXni). — The reaction was carried out as deisciibed i6ir 
dimethylsnocinic acid : the quantities employed were 12 g. of the 
ester (XX), 60 g. of rectified spirit, and 8-1 g. (2 mols.) of 96% 
potassium cyanide in 18 g. of water (yield of crude acid, 9-9 g. or 
86%). l-Carboxy(5y(!Zoheptane-l-aoetio acid is very sparhn^ 
soluble in concentrated hydrochloric acid, probably less so than its 
cyetopeabsms analogue ; it crystallises from dilute hydrochlorio adid 
in small prisms, m. p. 169° (Found: C, 60-0; H, 8-0; equiv., by 
titration, 100. Calc. : 0, 60-0 ; H, 8-0% ; equiv., 100) ; Dickens, 
Horton, and Thorpe {he. cit.) give m. p. 163°. The anhydride, 
m. p. 16°, b. p. 166°/13 mm., obtained in excellent yield by 
treatment of the mude acid with acetyl chloride, was converted 
in the usual matener into the. anUic aeid, which separated 
dilute methyl alcohol' hr feathery plates, m. p. 169°, dedcli||. 
160° (Bound: 0, 69-1; H, 7-6. CibHoiOoN requires 6.' 
H,7.7y.). ■■ ■ . 
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^d»m-J)emTiydro-^‘>nc^^ Berks. 
ir(m-Deoahydro-p-naphtliol (^m%5-p-deoalol) was obtained from 
the ‘‘ Dekahydro-p-naphthol rein of the Deutsche Hydrierwerke 
Aktiengesellschaft by spreading the oily sticky solid, which probably 
consisted of a mixture of the cis- and im?i5-isomerides, on large porous 
plates : the resultant crystalline solid melted at 74° (Hiickel, 
Anmlen, 1926, 441, 18, gives m. p. 76° for pure ^mns-P-deoalol). 
The alcohol was dissolved in three times its weight of glacial^aoetiG 
acid and gradually treated, under reflux, with half its weight of 
recrystallised chromic acid dissolved in the minimum quantity of 
water. When the initial vigorous reaction had subsided the whole 
was warmed on the steam-bath for 30 minutes and steam-distilled. 
The mixture of ^rans-P-decalone (which is only moderately easily 
volatile in steam) and acetic acid isolated from the distillate by 
means of ether (three extractions) was shaken for 1 hour withla'laii^ 
excess of saturated aqueous-alcoholic sodium bisulfite iolufion 
(Euzicka and Brugger, Helv. Chim. Acta, 1926, 9, 839). The 
bisulphite compound, which separated as a silky crystalline solid, 
was collected and decomposed with an excess of sodium hydroxide 
jso^tion, and the ^an«-^^-decalone isolated by extraction (twice) 
ether. It distilled at 106° /12 mm. as a colourless, somewhat 
viscid, liquid with a characteristic odour and had 0*9806, 
1*4843, whence 44*44 (calc., 43*99) (Hiickel, loe. gives 

for ^m?is-p-decalone regenerated from the semicarbazone, 0*976, 
1*48088). The yield of pure ^m?^5-p-decalone from 87 g. of 
^3^-^-decalol was 48 g. 

Efhyl tTsm-DecaJiydro--^-7taphtkyUdem (XXIV). — k 

mixture of 35*0 g. of pure im?w-p-deoalone, 26*5 g- of ethyl cyano- 
acetate, and 1 g. of piperidine was after 24 
for 6 hours. Ether !was 

dilute hy^ochlaric acid afld w#er and dried 
.ahh 3 rdrous sodium sulphate.; Ute imdue after evaporation 
^0 ether was fractionated ^ unchanged i^ana-^-decalone and ethyl 
tsfaimaoetal© were-^ oolieeted and the condensation product 
pas^ over at l90-^-266°/16 mm. The last on refraotionation 

(Found: 0, 72*8; H, 8*6. 

0> ,72*« ; gr^%) and had 1*0623, 1*6108, whence 

68^). Yield, 47 g. or 61%. 

Mmst Alwmnium Amalgam. Preparation of 

(XXV or XXVI). — 

35*0 6*, of the unsaturated cyano-ester (XXIV) were treated with 
70 g. of moist alrminium amalgam in ether : there was a period of 
induction of at least 8 hours and the reduction was complete 
22 hours. The product was isolated in the usual manner and 
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tilled and the foUoTving fractions were 'collected : (1) B. p. 184“/ 
12 mm. ; this had «!?■*• 1-4811, 1-0263. (2) A large middle 

fraction, b. p. 184 — 186“/12 mm., mainly 186“/12 mm., 1-4802, 
1-0302, whence [i?i]D 68-73 (calc., 68-64). (3) A small tail 
fraction, b. p. 186— 187“/12 mm., 1-4806, 1-0297. Total 

yield, 27-6 g. Hie distillate was obviously homogeneous and on 
redistillation boiled constantly at 186“/12 mm. (Found : 0, 72-4 ; 
H, 9-2. OisHasOaN requires C, 72-3 ; H, 9-3%) : no trace of a second 
isomeride could be detected by distillation. The residue was a very 
viscid yellow oil which did not crystallise when left for a week 
over concentrated sulphuric acid in a vacuum ; yield, 2-6 g. (Found : 
M, in camphor, 488. requires M, 496). 

Hyiro3/ysia wiik Alcohdic Pciaativm Hydroxide. Preparation of 
tt&m-Deeahydro-^~7iapMkyImakmie Add . — A mixture of 8-3 g. of 
the ester (b. p. 186“ /12 mm.) in 16 g. of rectified spirit and 7-6 g. 
of potassium hydroxide in 16 g. of water was refluxed for 18 hours 
and then evaporated to dryness on the steam-bath. The residue 
was triturated with ether to remove unchanged ester, if any, and 
acidified with very dilute sulphuric acid, a sticky solid separating. 
The whole was extracted three times with ether : the ethereal solu- 
tion, which soon d^osited a crystalline acid, m. p. 122“ (decomp.), 
was slightly concentrated, and the separated acid collected : this 
process was repeated five times until practically all the ether had 
been evapcrfit^ The acid which separated at each crystallisation 

and ■ tiie total yield was nearly quantit- 
raqtfires Oi 66-0; H, 

8-4%). No isomeric aoM' wIsb^IsoM^.. < bit^altises frbm 

benzene or acetone-chlorofoitii'as a mimdrystidli^ powd^/iift. |>. 
122“ (deoomp.). ' ' ’ • • ' 

JDeierminationa of Surface Tenaum <md of Dendly over a Bange of 
' Temperatures. CdhtdaHon of flie Parachor. 

Tba surface tension was determined by the method of Bdohards, 
Speyers, and Carver (J, Amer. (Jhem. Soo., 1924, 4(8, 1198) in an 
apparatus oonBtruoted entirely of Pyrex glass. Two capillary tubes 
of diameters approximately 0-6 mm. and 2 mm. respeotivOly, of 
nearly circular cro^section and of uniform bore were joined 
togetiim: to fopa a U-tube, which was provided with a small opening 
at its lowest point. The U-tube was fused in a vertical positions to 
tl^. inside of a t^m-walled glap cylinder, and this was fused to a , 
lar^ tube, which- could be surrotmded by the vkpour of " * 
ohlop^kW (ca.,61°) or ttiddoipethylene (ca. 86“) ; the eznot 
ature .indicated . by » easitil standard Anphfitt^ ; 



2028 voaBii : syisttobses os’ cyclic oompootds. paet m. 


measured by means of a travelling mioroscoj)® capable of reading 
directly to 0*02 mm. and by estimation to 0*01 mm. and provided 
with a 6-incb obiectivoi for the construction of which the author is 
indebted to Mr. W. J. Colebrooke of the Physics Department of this 
College ; it enabled both meniscuses to be observed simultaneously. 

The apparatus was cleaned by being immersed in chromic acid 
mixture for 6 hours, washed with water, rectified spirit, and pure 
sodium-dried ether, and dried in the steam-oven* It was standard^ 
ised with conductivity water, prepared in a modified BourdiHon 
still, in the manner suggested by Richards, ^eyers, and Carver 
(foe. cit). 

The measurements of capillary rise for each liquid (idjout 3 o.o.) 
were made with the usual precautions. The vertical cross-wire in the 
eye-piece of the microscope was adjusted parallel to and approxim- 
ately mid- way between the capillary tubes. At least six reading^ 
of each meniscus were taken from several directions, so as to 
minimise the effect of possible imperfections in the glass, the exact 
temperature at each adjustment being observed. 

The corrections for the meniscus, determined by Poisson’s equation 
Aj A + f/3 — * 0*1288 where is the corrected capillary 

rise, Ji.is the obseirved capillary rise, and r is the radius of the tube 
(Richsupds, Speyers, and Carver, foe, cU.)^ were 0*246 mm, for liquids 
of the water type (A == co. 60 mm.) and -- 0*234 mm. for most organic 
liquids (A = ca* 26 mm.). Throughout the present paper, the cor- 
reoted difference in height between the meniscuses in the capillary 
tubes, H, is obtained from the observed difference, A (expressed 
in mm.), by subtracting 0*24. The constant of the apparatus, 
obtained from the equation y = KHd^ where y and d are respect- 
ively the surface tension and the density at the saxne ; 

the surface tension of water at 20"^ was taken as 72-80 
Brow, J. Af!m. Ohm. Soc., 1910, 41, 499), and iiho temperature 
coefficient dyne em.^^ (degree Ceat.)-i (compare Berguson and 
Yogrf, jEVoc. Phifaical Soc.^ 1926, 38, 193). The mean of several 
^cordant detcrminatioris gave K ==* 1*8806. 

, 35ie densities were determined with a pyknometer of about 1*5 c.c. 
capacity, c^fuUy calibrated with conductivity water. The 
pykpqm^>er was completely surrounded by a closely fitting, double- 
waHad glass vessel, the simular space being filled with a suitable 

is ;# is the temperature, A the observed difference in 

hei^t, expressed in mm.> of the liquid in the two arms of the U-tube, 
JS the corrected value, the density (in g./c.c.) calculated from the 
observed densities by assuming a linear variation with temperature, 
and y the surface tension, expressed in dynes/cm., computed from 



VOGBL : SYNTHESES OE OYOLIO OOMEOTODS. PAEX IH. 2029 

the eqaation y =s= KHd. The paraohor in the last column has been 
deared hxm. the expression [P] = where M is the molec- 

ular wei^t ; the density of the vapour has been n^lected. 

Sxc^t where stated otherwise, the liquids were thrice distilled 
under diminished pressure before use. 

MJiyl t-iaQpropyl(^anoacetate, M = 156' 10, b. p. 99“/16 mm. 
Densities determined : 0*9862, 0*9481, 0*9261. 


t. 

h. 

B. 

4-. 

y. 

Pajachor. 

23°3° 

17-28 

17-04 

0-9826 

31-49 

373-9 

61-8 

15-71 

16-47 

0-9486 

27-60 

374-8 

86^6 

14-78 

14-54 

0-9261 

25*32 

375-7 


Mean 374*8 


Ethyl T-ojolop&Uyhyanoac^ate, M = 181*13, b. p. 129° /13 mm. 
Densities determined : 1*0263, 0*9936, 0*9714. 


t. 

h. 

H. 

4. 

y- 

Paraohor. 

17-7^ 

18-37 

18-13 

1-0263 

34-99 

429-2 

61-2 

16-77 

16-63 

0-9932 

30-87 

429-9 

86-4 

16-89 

16-66 

0-9712 

28-68 431-2 

Mean 430-1 


Ethyl T-oyclohexykyanoacetate, M = 195*13, b. p. 145°/14 mm. 
Densities determined : 1*0221, dg'*" 0*9901, d?*" 0*9690. 




t. 

h. 

H. 


y- 

Paraohor. 

17-3^ 

18-87 

18-63 

1-0229 

35-84 

466-8 

61-8 

17-22 

17-98 

0-9897 

31-60 

467-5 

85-6 

16-34 

16-10 

0-9696 

29-36 

468-5 


. i..' Meaa 487*6 

Etk^ x-oyddn^^lcym4iiicie^, M ^ 209*15, b. p. 149°/11 mm. 


Densities determined : 1*0209, dg'«* 0*9898, d?*' 0*9704. 


t. 

h. 

jgf. 


-1 . 

y- 


21-3® 

19-04 

18-80 

1*0197 

36-96 

soi-s 

61-8 

17-46 

17-22 

0*9898 

32-05 

602*8 

86-0 

16-53 

16-29 

0*9708 

29-74 

608*1 


Hean 602*7 


^fithyl imia-i-dmih,ydro-^<-napMhyhyanoac^te, M ^ 249*19, b. p. 
186°/14 mm. Densities determined : 1*0302, l-OOH, 

0*9861. 


t. 

h. 

H. 


y. 

Pcu-aohor. 

20-r 

X8-99 

18-75 

1-0301 

36-32 

593*9 

60-8 

17-65 

17-41 

1-0021 

32-81 

696-1 

84-1 

16-82 

16-58 

0-9866 

30-76 

594-8 
Mean 594-6 


Jf = 84*06. The middle fraction, b. p. 1S0*5°/;, 
765*6 mm., collected from the distillation of a large quantl'^,,^ 
q/cftypentanops pr^ptwi from adipic acid was added tea 
of saturated aqueouaHaleofeoJa®, aodiute 
3x2 
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bisTilphite oompoxind, which, slowly separated in thin, silky plates, 
was removed and treated with an excess of a concentrated sodium 
carbonate solution, and the ketone was separated by steam-distil- 
lation and extraction (twice) with ether. The extracts were dried 
with anhydrous sodium sulphate and the ether was slowly distilled 
through a long column. The residue, after being twice fractionated 
under atmospheric pressure, boiled at 129'5°/761*5 mm. The pure 
ketone had wg'®’ 14383, 0-9524, whence [JZJd 23*18 (calc,, 23-10) 

(Wallach, Annalen^ 1907, 353, 331, gives 0-948, 72® 14366, 
[2?^]® 23-19). ' 

Densities determined : 0-9618, 0-9099, 0-8871. 


L 

h. 

H. 


y- 

Parachor. 

18*0® 

19-31 

19-07 

0-9604 

34-08 

213-7 

61-6 

17-19 

16-95 

0-9110 

29*04 

214*2 

85*4: 

16-05 

15-81 

0-8880 

26-40 

214-6 

lexahoffi^ ' w 

cycloHeccuTiune, M 

= 98-08, 

Boot’s pute 

cycM 


purified through the bisulphite compound by the method desbribed 
under CT/cZopentanone ; after being distilled twice under reduced 
pressure, it boilpd afe 47^/16 mm. and had 0-9488, Tig*®* 14621, 
whence, 27^89 27^72) (Waflach, he. eU., gives dP* 0-947, 

detepooined : 0-9492, 0-9116, 0-8902. 


A, 

A 

J3r. , 


y. 

Para.cho7. 

174“ 

19-77 

19-53 

0-9479 

34-81 251-3 

61-6 

17-64 

17-40 

0-9118 

29-84 

251-4 

8«-4 

16-44 

16-20 

0-8899 

27-11 251-5 

Mean 251*4 


cyoloHeptanone, M = 112-10. Suberone, b. p- 181®/769 mm., 
prepared from thorium suberate tras pmiSed throfO^ 
emupouod. The r^nerated ketone h4d a pleasahtodotirTe^^^Ww 
som^hM like that of ]^ppetmint tmd qnite different from tiie 
“ hydrocarbon ” odour of the keteme isolated directly from thorium 
shberate. It boiled at 71°/19 mm. during tvro distillations under 
reduced preg^uie and had 1-4635, 0-9526, whence [iSx]i> 

3244 (o«do., 32-34) (Wallach, loc. oit., gives dF‘ 0-9500, % 1-4604, 


1>B»iliee deteemined : 0-9507, 0-9160, 0-8954. 

'..In.,:'' , _ 



;W'- 

H. 

4*. 

y- 

Parachor. 

UNe.- 

'^'20-06 

19-81 

0-9497 

35-38 

287-9 


18-12 

17-88 

0.-9161 

30-80 

288-3 



16-60 

0-8967 

27-96 

287-8 


Mean 288-0 


ixaum-^-Deadone, M — 152-13. The specimen employed was 
pudffed throu^ the bisulphite compormd and was twice distilled 
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under diminished pressure. It boiled at 106®/12 mm. and had 
dir 0*9800, 1-484:3, whence [SJd 44*44 (calc., 43*99) (Hiickel, 

Annaim, 1926, 441, 1, gives df 0*975, < 1*48088, [B£}o 44*34). 
Densities determined : 0*9802, dP'' 0*9493, dj?®' 0*9331. 


t. 

h. 

H. 

C*. 

y. Parachor. 

' 19*3® 

20*14 

19*90 

0*9792 

36*64 382*2 

61*8 

18*39 

18*17 

0*9496 

32*45 382*3 

86*1 

17*55 

17*31 

0*9332 

30*38 382*7 

Mean 382*4 

Ethyl QjolohexylidenecyaTioaAietate^ M = 

193*13, b. p. 151°/12 mm. 

ensities determined : 

d^' 1'0670, 

dr' 1-0211, 1-0030. 

A 

A. 

H. ‘ 

dj:. 

y. Parachor. 

18*1® , 

19*37 . 

19*13 

1-0673 

38*04 453*6 

61*8 

17*80 

17*66 

1-0213 

33-73 455*6 

85-0 

16*87 

16*63 

1-0033 

31*38 465*6 

Mean 454*7 


Ethyl QjGloheptylidenecyaJioacetate, M — 207*14, b. p. 160°/12 mm. 
Densities determined : dp^ 1*0564, d?®’ 1*0219, dp^ 1*0037. 


t. 

h. 

H. 

di:. 

y. Parachor. 

18*6® 

19*26 

19*01 

1*0646 

37*70 486*7 

62*0 

17*73 

17*49 

1*0216 

33*60 488*1 

85*4 

16*86 

16*62 

1*0039 

31*37 488*3 

Mean 487*7 


Ethyl tiaiim-decah^dro-^-Tmphthylidenecyanoacet^ M = 247*18, 
14 mm. Densities determined : diS'^" 1*0623, dg’^' 1*0239, 



i, 

21*6® 

61-8 

86*0 


h. 

19*15 

17*86 

17*14 


16-80 


■ rri 
1-9081 


M-Zl.i, 6 M- 6 , 
8^-84 ‘ 

■■8^07 ■ -S^K'i 

Meaa 683-3. 


EOvyl bmeylideTmfMiomte, M — 248-13, b. p. 179-5°/14 mw- 


Demties determined : d^'‘' 1-1049 (supercooled liquid), (ig ’*’ 1-0708, 


#^:i-0g28. 


E. 


y* 

Parachor, 

19-8* 

18*88 

18*64 

1*1039 

38*70 

660*6 

61-2 

17*33 

17*09 

1-0710 

84*42 

- 561*2 

84-3 

16*49 

16*26 

1-0527 

32-17 

561-4 


Mean 661-1 


Mhyl bmiyy^aloneae, M = 260-14, b. p. 163®/14 mm. Densities 
determined ; .1t 0761, 1-0433, d|f“- 1-0231. 




’A ’ 


S* 

- = 17*57 1*0766 

16-00 1*0433 

Wif _>0243 
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In conclusion, the author mshes to express his indebtedness to 
Professor J. P. Thorpe, P.R.S*, for his kind encouragement and 
advice, to Dr. S. Sugden for his miticism of the parachor results, 
to the Trustees of the Beit Scientific Research Tellowships for a 
FeHcwship, and to the Chemical Society and the Royal Society 
for grants which have defrayed part of the heavy cost of this 
research. 

ImPEBIAL COLIffiGB OB SdENOB AND TECHNOLOGY, 

London, S.W. 7. [i2eo«wed. May 2 ndt 1928.] 


CCLXIII . — Syntheses of Cyclic Compounds. Part IV. 
The Catalytic Decomposition of Suheric Acid and 
the Prepa/ration of Suherone directly from Mixtures 
of Suberic and Azelaic Acids. 

By Israel Vogel. 

It is proposed to investigate the decomposition, in the presence of 
various catalysts, of both simple and substituted dibasic acids in 
orde^ (1) to develop simple methods for the preparation of cyclic 
keton^ and (2) to study the effect of substituents on this method 
of rii^ formation. The present communication is concerned with 
subenc acid. The only previous work on this subject (D.R.“P^ 
256622) was the alleged production of suherone in good yield by the 
dry distillation of suberic acid in the presence of 6% by weight of 
iron fi lin gs ; Aschan (Ber., 1912, 45, 1603), however, isolated a small 
quantity of suherone by the dry distillation of the acid. Day, Kon, 
and Stevenson (J,, 1920, 117, 639) were unable to obta^^^tis- 
factory results by this catalytic process and reverted to 
distillation of the calcium salt as a method for the prep^atioh of 
sub^one. 

The author finds that if an intimate mixture of suberic acid, an 
egwZ weight of iron filings (a quantity considerably greater than 
the e^pivalent quantity), and 5% by weight of crystallised baryta 
be s^bfjected to dry distillation, a 3 deld approaching 40% of suherone 
is obtetned. The crude product is an almost colourless, mobile 
liquid vnth a characteristic ketonic odour in contrast with the prac- 
black liquid, contaminated with suspended matter and having 
a olmracterisMc “ hydrocarbon odour, obtained from either the 
calcium'Or the thorium salt. 

The mixture of azelaic and suberic acids obtained by the oxidation 
of ricinoleic acid with nitric acid (Day, Kon, and Stevenson, loc, cit ; 
Baker and Ingold, J., 1923, 123, 122) also gives a good yield of 
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suberone, together with a relatively small quantity of a liquid the 
exact composition of which has not yet been elucidated. This 
liquid boils at about the same temperature as suberone but can 
readily be separated from it, as the latter reacts immediately with 
a saturated aqueous or preferably aqueous-alcoholic sodium 
bisulphite solution, whereas the former gives no solid derivative. 

The formation of suberone by the catalytic decomposition of 
suberic acid probably takes pjaoe in two stages, involving the 
formation of the anhydride (I) and the subsequent eliminatioh 




of carbon dioxide (compare Blanc, BiM. Soo. (Aim., 1008, 3, 778}. 
Two other mechanisms are possible, one represented by (A) (ccnnpare 
Aschan, he. cit.) and the other involving the intermediate formation 
of an iron salt. 


(A.) 




OHa-CSHa-CH-COaH 

0B[2-CH2-CH2>C0 


- 00 , 

— > 


(n.) 


It is extremely difhonlt to prepare pure azelaic acid in quantity 
from the mixed acids obtained by the oxidation of ricinoleic acid 
with nitric acid ; although a product, m. p. 106°, may be obtained 
by fractional crystallisation from solvents, this contains a con* 
<ji suberic acid, as was shown by analysis and by 
by its catalytic decomposition. Pure 
azelaic acid is best prepared by thu omdation of rioinoleio acid with 
potassium permanganate (llaqueQi:#, (Aim., 18:99, 

1061) : this melted at 107° and no sulwone was obtained by, its 
catalytic decomposition. 


. . Exfxbimxntal. 

Pr&paMhn of Svb&rie Acid. — Castor oil, in lots of 26 kg., was 
hydrolysed by alcoholic sodium hydroxide to ricinoleic acid, and 
the latter oxidised by nitric acid to a mixture of azelaio and suberic 
acids (Baker and Ingold, J.^ 1923, 123, 122). The two adds were 
separated from each other by means of a mixture of benzene add 
ethyl alcohol in proportion intermediate between those described by 
Baker and lo^id (icc. cit.) and by Bay, Kon, and Stevenson (foe. eit.)', 
redded spirit was substituted for absolute ethyl alcohol. The add 
whidh first separated' mdted at 136 — ^138° and after two oiystab 
lisations' fcom water mdted sharply at 140°. 

CatedyHe Deeompoaitum of 8*d>mc Add.-— An. intimate i 
100 g. of Bub^ acid p:'M^), l00'g';''oihuin ! 

finely powdered,' c£[^tt^^ed lwriktn"i] 
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2-litre. Pyrex distUO&ig-flask fitted mth a themometer, reaching to 
mthin 0-6 cm. of the bottom, and connected ■with a long ■water- 
condenser and a receiver. The mixture was slowly heated in an air- 
bath, the space between the sides of the flask and the bath having 
been packed ■with copper turnings. Considerable frothing took place 
at about 235° and water distilled over : a mobile, E^^tly coloured 
liquid ■with a ketonio odour passed over at 280 — ^290°. The ketone 
was separated from the wat^ in ■^he distillate, the aqueous layer 
•Was extracted twice with ether, and thsicombiued extracts and 
ketone were washed with alkali and dried with, anhydrQus potassium 
carbonate. The ether ha^ving been removed throi^ ,f Apfig fr®®' 
tionating column, the residue was separated under reduced pressure 
into the following fractions : (1) a small head fraction, b. p. 63 — 
66°/16 mm., 1-4595, 0-9378; (2) a main fraction, 

b. p. 66-5— 66“/15 mm., 1-4611, 0-9467; (8) a S^rtail 

fraction, b. p. 67— 70°/i5 mm., 1-4627, dg** 0-9458. The 
residue weighed less than 1 g. and the total yield of distillate was 
24 g. idl the fractions were odlourless mobile liquids, and remained 
so after being kept for 6 months (compare the product from cal- 
suberato which rapidly darkens on keeping), and 
witib. ' aqueous semicarbazide acetate and mdihyl 
alddhol gave immediate precipitates of semicarbazones which melted 
at 162--.168°, either alone or when mixed with an authentic Bpe«^* 
men of Suberone semicarbazone prepared from thorium suberate, 
affc» one crystallisation from dilute methyl alcohol. lITo other 
semicarbazone could be isolated and it was evident that the ketone , 
was practically pure cyofoheptanone. It could be obtained perfectly 
pure by regeneration from the bisulphite compoimd; ' • ’ 

Preparation of Suberone from Miasiares of Bvberio dad*iM^|l|ple 
Aoii84 — The crude mixture oi acids must first be recrystaUised from 
benzene. An intimate mixture of 300 g. of the mixed acids, 300 g. 
of iron filings, and 15 g. of finely ground, crystallised barium hydr- 
tmde yros distilled firom a 4-litce Fytex distilling flask as described 
snberio add. (The heating must be. very gi^ual, as there is 
‘«efla»id»bk.frothmg and evolution of funiS^J^ e«dly l>art of 
zeeetion-rtempetature 200 — ^250°. Xndei^, this, part of the 
' fll^^B^lsmaay be conducted in the open on a large iron plate : the 
' ' is gently heated until the evolution of steam and 

' ceased, and the cold dark-coloured product is 

hrohsoi ii^'Wed'^tsaziderred to the distilling flask.) The rate of 
heating ■was such that ^e liquid distilled at the rate of about one 
drop per second;’ ibe final temperature ■was 360 — f00°. The 
product was isolated as described under suberio acid and distilled, 
and the fraction, b. p. 62 — ^75®/14 mm., collected ; the 3deld averaged 
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90 g. from 600 g. of the mixed acids. This fraction was added to a 
saturated aqueous-alcoholic sodium bisulphite solution, ^ and the 
crystalline bisulphite compound, which was immediately pre- 
cipitated, was filtered off, well washed with alcohol and ether, and 
decomposed with sodium hydroxide, and the ketone isolated by 
ether extraction. Further small quantities of suberone may be 
obtained by treating the high-boiling fractions with sodium 
bisulphite. 

The author wishes to thank Professor J. F. Thorpe, F.E.S., for 
his interest in these experiments and to state that this work is being 
published during the tenure of a Beat Scientific Research Fellowship. 

Imtbbial CoLijiaE or Soibnoe aiyx) TeohnoiiOGV, 

London, S.W. 7. ‘ [Received^ May 1928.] 


CCLXIV . — The Action of DiazosaMs on Aromatic 
Sul^honamides. Part II. The Mechanism of the 
Reaction and the Constitution of the Diazo- 
sulphonamides. 




By Abthto Kjry and Pavitba Ktjmar Dtttt. 

Tttb! object of this investigation was to elucidate the mechanism of 

E'SO,H + R'N, (D 

(Dutt, Whitehead; and- 14^; 'Aj pwtt, % 


i&oSity iti‘ 


1924, 125, 1463), which tsQceh _ , . 

Itresefice of alkali even at veiy low t^mpea^^ii^ts; 
of the formation of sulphinio acids under conlparable oonditioriB 
fccm other sulphonamide derivatives have also been recorded by 
IFdiSter and Kunz (J., 1914, 105, 1720) and by Holmes and Ingold 
^d’.;’l926, 1305). These reactions are apparently similar in’th(& 
mechaatlsm, being probably due tb the actidn of hydroxyl ions oh 
the hydrogen which is incipiently ionised because of the strong 
electron attraction exercised by some neighbouring centire (Holmea 
and Ingold, loc. dt.). For example, in the case of the diazo-sul- 
phonamide |I^ suth electron attraction actuated by the heij^bouring 
positive hlui^^BV<^uld induce it to ionise into tiie complex ion (HI) 
aMH^. 

Q- a 

R-SOa-N— 


(n.) B — & 


iy 
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After the removal of the proton as water the complex ion (HI) 
^onM then undergo further change due to the proximity of the 
positively charged sulphur ; the latter would appropriate the two 
eleotcons between the sulphur and the nitrogen, resulting in its 
fission into the sulphinate ion R‘S02' and R'Ng. According to this 

scheme the residue B' — N should by subsequent miove- 


ment of electrons be capable of existing in one of the two 

forms R' — and R'— N— NHN. The distinction of any 
of these forms from the third possible formula, fw azoimide, 

RTiK^, may perhaps be elucidated by parachor determination. 


The reaction (I) may, on the other hand, be a case of true migration 
of the hydrogen atom from the nitrogen to the oxygen, followed by 
fission into the two final products. This h 3 rpothesis was tested by 
heating the pure dry sulphonamide (R — p-tolyl and R' ==! Ph) both 
by itself and in solution ^ a non-ionising solvent, such as pyridine, 
at a temperature above ite decomposition point (87 — 88®). In the 
former case a finnute qttandty of the azoimide was obtained, 
Iffobably owing to the action of the alkali of the glass or a trace of 
moisture or both, hut nqne of it was formed in the latter experiment. 

It is therefore evident that the ionic interpretation o^ers ^ 
plausible explanation of the reaction. 


The reaction of the diazo-sulphonamide with an acid hydrolytic 
agent, forming only R*S02*NH^ and R'OH but no R'NHgi is con- 
sistent with formula (II), because, of the two possible tautomeicte 
forms, (II) and R-SOa'NIlf’NHR', the proximity of the positive 
charge on the sulphur should favour the stability of the. ion (HI) 
owing to its tendency to neutralise the negative chaj^geon ihe 
nitron atom. The two lone padrs of electrons on this nitrogen 
would then appropriate, two hydrogen ions, oompletiog the system 
R-SOj’NH^ and leaving a positive ion, R'— NST, which is 
responsible for the formation of the phenol. In this instanoe, 
%erefoie, the eleotronio condition is such that the substance ceases 
to tautomeric. 

action of acid hydrolytic agents fails to distinguish, as Poister 
Garland have pointed out (J., 1909, 95, 2056), between the 
of an aromatic diazoamiae, although. phmiyl-«- 
h^'h^Itriaaene (Bimxoth, Elbe, and Gruhl, Ber., 1907, 40, 2390) 
may have ihe cm^tution NHPh-IOI'OioHj, because it yields only 
aniline and no ornaphthylamine when hydrolysed by means of 
hydtochltaic arid in a freezing mixture. 

Further, the diazo-sulphonamide is readily methylated in the cold, 
forming only one monomethyl derivative which, from the evidence 
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of its reduction products (R'S 02 *NHg, NH 3 , R'‘NHMe, R'NMo'NHa, 
and Br'MeH’NIN'NMelt'), must be regarded as having the con- 
stitution B'SOj'imSr'lJMeR' (V). The deotronic hypothesis in 
our opinion offers an explanation of this behaviour. Obviously the 
methyl derivative cannot have been formed by direct substitution 
because of the greater stability of the form ( 11 ), which should have 
givmi the isomeride, R*S 02 *NMe*Nr 6 JR', and consequently its 
formation must have been preceded by salt formation with GH 3 X 
at one of the nitrogen atoms. The velocity of methylation is much 
greater than that of the reaction ( 1 ); in other words, it is the 
substance (IE), and not the ion (III), t^t taJces part in this reaction. 
Now the electron pull due to the positive charges should influoDtce 
all the nitrogen atoms in tixe chain, but the farthest one should have 
its lone pair of electrons comparatively free to take part in any salt 
formation. This should lead to the formation of the complex (17), 
which would subsequently eliminate HX and form (V). 






R'- 


(IV.) [R-S02— NH— N=N— R']X — > R-SOg— N— N=:N- 
R-SOa— N=:N— N(CH 3 )-R' (V.) 

The isomeric methyl derivative, R'SOa’NMe-NINR', prepared 
from R'SOa’NHMe and R'-NaCH, on reduction yields products 
(R'NH^ and R'NH’NHa) which indicate that it is distinct from the 



atibn pf the monomethy^ derivative of 
the diazo-sulphbnaniide, af^pntibn Inay He directed to the examples 

containing the system -OO'&NCN'B desmibedby ;&nw^(:d»^ 
1911, 378, 242), which on direct methylation yield two monomethyl 
derivatives, one an 0 -methyl and the other an N-methyl (next to the 
group R) derivative. In our opinion this difference is due to the 
isbot that the diazo-sulphonamides do not possess the unsaturated 
centres that are necessary for enolisation previous to 0 -methylation. 


E XFSBIMBNT AL. 

Action of Heat on BmtmmilpJion-^-tolyldiazocm (11 ; R Ph, 
R' = — The diazo-su^onamide (10 g., purified as previously 

d^cxibed and dried in a vacuum desiccator over phosphoric oxide 
during several .’Weeks) was heated in a vacuum. ' At about 80®', dortr 
decomposition took place, producing xquch tar, and a few dco^ of w 
oily liquid distilled which smelt stron^y of phenylazoimide (id 
in the usual "^y). It is' not advisable to use more 
sulphonsmide for qs^. ^gatiment or heat it tOp-jj 
temperature, as it is r ' “ 


^ '<V‘ 
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The dlazo-solphonamide dissolves readily in cold, pyridine and is 
precipitated nnohanged on addition of 'water. The. pure material 
(S g.) was dissolved in c.o. of p 3 nidine and heated on the steam- 
bath for 12 — 15 hours ; the solution was then cooled and poured into 
sufficient ice-cold dilute sulphuric acid (about 2%) to give an twid 
solution. Some resinous product separated, but no phenylazoimide. 

Action of Qhdal Acetic Add on the Diazo-s^honamide . — ^The 
crude substance (10 g., pr^ared in very dilute alkaline solution and 
precipitated by acetic acid) was treated 'with about 50 c.o. of glacial 
aceiio acid, slowly warmed a few degreesabove the ordinary 
temperature, and occasionally stirred. It dissolved readily, the 
colour of the solution, at first light red, gradually darkened, and slow 
decomposition took place with evolution of gas. ffirom the mixture, 
diluted with a large volume of water and made alkaline, ether 
extracted a trace of tar but no aniline. T]^ aq^ueous sohi^te MfsA 
acidified and distilled in steam, and phenol iiWtified in 


The residue on coohng gave crystals of p-tohienesulphonamide 
(identified by mixed melting point). 

MeSiyJadon of &e Dican-svlphommide, — K solution of 51 g. of 
p-tdluenesu^onamide in 3 1. of 2% aqueous sodium hydroxide, 
codted in ice and salt, was treated with a diazorsolution (made from 
28 g. of aniline dissolved in 90 oA; cd ooiuientrated hydrochltuid add 
and lik) c.c. of -wato and diiaa^fmed ^ g!. of sodium nitrite 
dissolved in 70 o.c. of water). To the clear alkaline solution of the 
diazo-sulphonamide, 80 g. of methyl sulphate were added during 
one hour, and '%e a^takon continued for 3 — 4 hours longer. The 
reddish-brotte jkdiorphoas mass that' separated was collected, 
washed, Snddiiidin a vacuum desiccator ; m. p. 115 — ^118° (decomp.), 
yield 'g. It smelt strongly ^'.pheu^bzoimide.* iit^ 

S ’tiidoe from methyl alcohol (animal charcoal), it was 
Bolourlees piisilia'tac needles, m. p. 124 — 125° (decomp.) 
; : S, 10-9 ; N, 14*7. , requires S, 11*1 ; N, 14*5%). 

ji^Skdwdion of the MeSi^ Derimdve (V). — A suspension of 20 g. of 
pure methyl deiivairve in 300 c.o. of methyl alcohol was reduced 
wilffi 600 g. of sodium amalgam (2|%). The evolution of ammonia 
was sodh noticed, and as the reaction progressed the ether dissolved 
«Dd.iinalIy a saaall amount of a crystalline substance separated. 
.Thetudicie naxi^.was tiien distilled in steam. The residue in the 
ffiBl^Pjpi^|teafewto^A»Btained ihe crystals (A) referred to above, 

with water. The filtrate, on 

itself is stirred even for much longer 
streoigth used in this experiment, very little of the 
showing that the methylation proceeds at a much faster 
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aoidification Tvith hydrochloric acid» gaye a colourless solid which 
w^s identijSied as jp-toluenesulphonamide (mixed m. p.) after re- 
crystallisation. The presence of p-toluenesulphonmethylamide 
could not be detected in this product. 

The crystalline residue (A) on reorystallisation from spirit (animal 
charcoal) separated in almost colourless plates, m. p. 141 — 142® 
(decomp.), and proved to be identical with diphenyldimethyl- 
tetrazene, NPhMe*lT:N*NMePh, prepared by oxidising oca-phenyl- 
methylhydrazme in chloroform solution by means of mercuric 
oxide (Eisher, Anmlen, 1877, 190, 167 ; Tafel, Ber., 1886, 18, 1744). 
The melting point observed by us was, however, 4® higher than that 
recorded in the literature. 

The steam-^^iallate from the original reduction mixture was 
acidified with hydrochloric acid and evaporated to dryness. Erom 
the dark brown residue (B), hot chloroform extracted monomethyl- 
aniline, which was isolated and identified in the form of the hydro- 
chloride, m. p. 126 — 126® (the material obtained from several 
experiments was suflicient for the preparation of the acetyl deriv- 
ative). No other basic substance could be detected m the chloroform 
extract. 

The portion of the residue (B) insoluble in chloroform was ex- 




tracted with absolute alcohol, which left behind crystals of ammon- 
ium chloride. The extracts of the residue from several experunents 
[j^jg^jb^^ and the base was liberated by means of alkali, 
and distilled in a vacuum. The pale 
gave an derivatiw |n 
hexagonal prisms, m. cr^ta^ 

m. p. 221 — ^222® (decomp.), bothhlentie^ Witli tkose obti^i|^;1^i 
an authentic specimen of oa-phenylmethylhydrazine. iSTo tifeoe oi 
methylamine hydrochloride could be detected in the residue insoluble 
in chloroform. 


’ A^on of Bmzmediazonium CMoride on "p-Tol/uen^lphonme^l- 
amv ^. — solution of 6 g. of the methyl ether in dilute aqueous 
sodium hydroxide was treated in the cold with the diazo-solution 


made from 6 g. of aniline. The reaction was very slow and a 
brownish-red viscous mass gradually separated. As this did not 
show any sigd of solidifying, it was washed several times by tritur- 


ation with '^ater. The gummy residue was soluble in most org^e 
solvents but ffid^nqt qrystallise from any of them. 

When its solution was reduced by; means 

amalgam as before, the evolution of ammonia was sobn'^^^^^ 
The mixture afW f^dtipn was poured into exc^ 
extracted with i 


extracted with etheir*; ; pthmeal.^^t on ev^ 
dark oil, soluble in dilute 
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aniline and phenylbydrazme, as it gave the carbylamine reaction, 
and phenylazomude and phenol on treatment with nitrons acid. No 
trace of methylaniline conld be detected in the residue. 

One of the authors (P.K.D.) desires to thank the Research Fund 
Gommittee of the Chemical Society for a grant which has defrayed 
most of the cost of this investigation. 

The Univbbstty, Leeds. [Rec&ived^ May 19«^, 1928.] 


COLXV . — The Decomposition of Acdyl PerosMe and 
the Mechanism of KoUbe’s Eled/rosynthesis. 

By OswAiD Jamsss Wauebe. 


The earlier idea of Schall {Z. El^odim., 1896, 3, 83), that acid 
peroxides are formed as iatermediate products at the anode during 
the electrolysis of fatty adds, has id recent years been taken up by 
liohter (Trans. Amer. Elfidrot^m. 8oe., 1924, 45, 131; J. Ckm. 
pJiys., 1926, 23, 493), who has extended the peroxide theory to 
electrocheraioal pxidation in general. It is tide purpose of this 
paper to show that, ■tide experimental justification for this view is 
unsound and that thde is no neeessiiy to assume that acetyl 
peroxide is formed dturing the electrtlyds Of acetates. 

, T^^haj^er view we adopt r^arding the mechanism of Kolbe’s 
re^i^oa we must assume that free CH^-OO'O radicals are present 
at some sta^ in the process. If we accept the discharged-ion 
theory, i.e., that the CHg'CO'O radicals result simply from the 
discharge of aoetanions and not from a dehydration of aceti^c 
by oxygen (compare Bairweather and Walker, J., 1926, Slil 
thfe ddestdoii still arises : Do the OHij'CO'O radwais unite to foinn 
aoe^l peroxide which then decomposes into carbon dinn'da and 
eihane; or do they decompose “ unimolecularly,” so to speak, 
fctb carbon dioxide and free OHg radicals, which then unite to 
fi>rm ethane 1 


IHte first view may be tested, as Hchter su^ested, by prepariog 
the ^ure acetyl peroxide and causing it to decompose. The applic- 
ation of results of spch experiments to the Kolbe reaction at the 
abode may, howeyrar, not be conclusive. For even asHnniiTig that 
aoe^lp^osi^ deobinposes on heating entirely into carbon din-ritjA 
fellow that in the anode process, in which 

' tv values ib$ ^ode pot^Mal in that paper are through a regrettable 
enlor m the daleula&on all 0*66 volt too high. This in no way affects the 
reasotihjg in the paper; which is concerned only with the relative values of 
the pctentiels. 
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these gases are obtaiaed from discharged acetanions, the dE^'CO'O 
radicals most have first xmited to form a peroxide. On the con- 
trary, one may argue that acetyl peroxide, when heated, breaks 
up into two C^'CO'O groups, which then react as in the electrical 
process (compare Wieland and Kscher, AnvcAen, 1926, 446, 60). 
It will be seen, however, from the experimental part that a simple 
decompomtion of acetyl peroxide according to the ec[uatlon 
(GB[3’C0*0*)2 = CjHg + 2CO2 does not take place. 

Mchter {Hdv. Chim. Ada, 1927, 10, 869) claims to have obtained 
direct evidence for the peroxide theory, since he has shown that 
in ike electrolysis of a solution of potassium hexbate small quantities 
of h^pyl peroxide are formed when the temperature is kept very 
low. experiment shows that when the conditions are made 
very favourable the discharged acyl radicals unite’ to a small extent 
to form the acid peroxide, but one is not justified in oondludihg 
that the Kolbe synthesis, which is the main reaction, has proceeded 
through the intermediate stage of peroxide. In fact, the difficulty 
of isolating from the electrochenucal products any peroxide at 
temperatures at which these peroxides are by no means unstable 
cannot be reconciled with this view. A fuj^er difficulty arises 
when one considers that by electrolysing a solution of an acetate 
at about 100° considerable quantities of ethane are obtained, 
although acetyl peroxide decomposes well below this temperature 
(see experimental part). Also Gibson {Proc. Moy. 80 c, Edm., 1924, 

; that . kexaohloroethaae is farmed in the 
cf which the peroxide is appar- 
ently incapable' of eisistecBoa; i ' ' ‘ I'-V.- ; ■ . 

The decomposition (^ acetyl pereixids^ tte;which I^ter . largely 
bases his theory, has really not been studied to any eXteDst (few 
the previous literature on the subject, see Kchter, Edo. Chim. Ada, 
1918, 1, ISl). It was decided, therefore, to investigate the nature 
and composition of the gases obtaiaed by the decomposition of 
acetyl peroxide under various conditions. 


EXFBSIMBrrXAI.. 

Acetyl peroxide was prepared from acetic anhydride and sodium 
peroxide by ike method of Gambarjan (Ser., 1909, 42, 4010). The 
ethweal solution of peroxide was dried over calcium chloride, the 
ether evapmuted at the ordinary temperature, and the crystalline 
residue of peroxide washed with ether ; ' it was then sufficient^ poeoj 
m. p. 26’5° (Ikd gives 30°, and Colson 27°). Analysis : A misfkie, 
of 0*1— 0*2 g. d the peroxide, 50 c.o. of water, 10 0.0. 
acetic acni, and 10. 0,04 of » 20% soluticm of poias8iujipi4a^ 
kept for 24 hours (Ike' Hbecatou of iodine 
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compare CSlover aad Eiohmond, Amer. Chem. J., 1903, 29, 183) 
and the iodine iras then titrat^ with /10-thiosulphate. Inde- 
pendently prepared samples of the perozide were found to contain 
99-6, 99-8, and 994% of (OHg-CO-O-)^. 

In all the ezperiments that foUow, the gases evolved were collected 
over mercury and analysed in the usual manner in a Bone and 
Wlieeler apparatus containing mercury. 

Decompoaitum of Pv/re Acei/yl Peroxide . — ^When acetyl peroxide 
is heated gradually above its melting point the liquid commences 
to evdve gas at 60 — ^70°, and at 80® the evolution proceeds briskly. 
The deoompotition takes place gently without the violent explosion 
that occurs when the substance is heated rapidly. The com- 
position ol the gas (% vol.) evolved at 80® is : CO2, 58*7, 61*0 ; 
Csfli, 1-1, 1-6; O2, — , 2-3; CO, 1-6, 3 0; OH4, 34-0, 28-8; 
C^He, 4-6, 34. 

The proportion of methane formed is greater than in the explosive 
decomposition of acetyl peroxide investigated by liohter {Eel/B. 
CMm. Acta, 1918, 1, 152), which did not lead to a simple disintegra- 
tion according to the equation CHj'CO'O'O'OO'CHj = (^2^6 + 
2CO2. found considerable quantities of methane and 

ascribed its fmmation to a sort of “ cracking “ process, due to the 
violence of the explosion and tire high temperature of the decom- 
position, which he supposes does not occur in the slow moleeulB-by- 
mdtecule decomposition at the anode. 

A further expraiment, in which the decomposition was carried 
out quantitatively and as slowly as possible, showed that the 
absolute yi^ of ethane, calculated on the weight ol peroxide used, 
is very small. In a smaJQi, weired tube 0'050i> g^' tif antet^^^Mde 
was gently Imated till decornposition./eommeijieed' The 
heating wes continued, at 65-^75®, fotr'Ttihi3>at 4 houhs,'ll*0 (Kc."o£ 
gas^aaeasored at 13® and.754 wh.) ;b#idg collected. TSie .residue 
wealed 0*0257 g., and the hmount of undeocunpoBed p^xide in it, 
estimated by liberation of iodine from potassinm iodide, was 0*0170 


g. The decomposed peroxide (0*0330 g.) therefore produced 
10*4 0 . 0 . of gas (reduced to N.T.P.) having the following percentage 
oompoEtttkHi by volume OO 2 , 68*3; Ogi 0*2; 00, 0*9; GH;*, 38*6; 
CyS,, 1'^: . "BiSb ehriesponds to 1*0 molecule of carbon dioxide, 
O^.uisbldbtilet, dl tBe&aare, and OOd moleeule of ethane from 1 


..r lQiefeM&tioitof ethane is therefore certainly 

1**; ’ 


Per<mde.— when a solution 
g.) in water containing acetic add 
hiafl^iia^v'tjil&'soldhffify was gradually warmed, ^erves- 
OQiiee hetin at about 76® and between 80® and 00® there was a bnsk 
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evolution of gas. The gases evolved at about 80° were collected 
and anatysed (expts. a and 6). 


Acel^l peroxide dissolved in COj. CJEf' Oj. CO. CH^. CjHg. 


а. Aoueous acetic acid 76'0 1*2 3*1 1*4 16*0 2*3 

б. „ „ 76*0 — 1*4 1*4 20*8 1*2 

c, -Ethyl alcohol 60*6 — — 2*2 46*8 1*6 

d. , „ 61*0 — - 1*7 46*6 1*7 


TTar n again the amount of ethane formed is small compared mth 
that of methane and there is relatively more carbon dioxide. 

A solution of 0*15 g. of acetyl peroxide in 0*4 o.c. of alcohol was 
heated gradually in a water-bath. Gas evolution commenced at 
about 60°. The gas evolved between 60° and 70° was collected 
after passing through a cooled tube to condense any alcohol vapour ; 
it consisted mainly of carbon dioxide and methane in nearly equal 
volumes, with only a veiy small amount of ethane (see expts. e and 
d in the table). 

Erom these esqiedments, it is evident that the decomposition of 
acetyl peroxide does not take place to any large extent according 
to the equation (CSHs'CO'OOa = CaHj + 2 OO 2 , and hence there 
is no reason to suppose that in the dectrol 3 ^ of acetates, where 
the gases evolved at the anode are essentially carbon dioxide and 
ethane, acetyl peroxide has been formed at the anode. It must 


also iie emphasised that methane is not present in the anode gases, 
althoq ^^jHi^ appears to be one of the necessary products in the 

only.eleotrolytmfoizQation 

29, 165), who '•! '■ 

There is the possibility 

experiments from aqueous solutiODs' of aoeiyT>peiKaade may^iun^ 
come from decomposition not of tire, peroxide itself but of the 
placid which is got from it by hydrolysis. It has been shown by 
Gloyer. and Richmond {loc. oit., p. 184) that a solution of acetyl 
peijindtdc kept for 24 hours undergoes the change : 

GHiTCO-O-O-CO-CHa + 2^0 = GBIa-GO*0-OH + GB^-CO-OH. 
A solution of the peroxide which had b^ kept for a week liberated 
ahn<^ the whcde of the required amount of iodine immediately 


afto: the addition; of potassium iodide, showing that ike change 
freon pffTQ^le^tOttperaoid was practically complete (since the former 
l^tanfes liod&aft ^y very slowly). The solution of peracid was 
he^ed gradually and at about 40° gas evolution commenced. 


gat^ffc^ed betspwi75°?aud 80° consisted mainly of oxygen 
abo»k;.4A% of s^ffibon dkKtide .and no trace of ethane or 
Hence the deoompotii|(;^l!^ peroxi^ does not 


the 
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In the search for a method whereby acetyl peroxide might be 
decomposed at lower temperatures than those employed so far, 
the action of ultra-violet light on the peroxide was investigated : 
the peroxide decomposed, and larger quantities of ethane were 
obtained than by any of the previous methods. A solution of 
acetyl peroxide in aqueous acetic acid was placed in a quartz tube 
surrounded by a water-cooled quartz condenser and was exposed 
at a distance of 3 or 4 inches to the light of a mercury vapour lamp. 
A gas was slowly evolved and after 7 or 8 hours about 6 c.c. had 
collected. The composition of the gas is shown in the table (expts. 
a and 6). 



Acetyl peroxide. 


CO 2 . 

CA- 

0 .. 

CO. 

CH.. 0;H«. 

a. 

Dissolved in aqueous acetic acid 

76-4 

— 

1-2 

1*4 

4*8 

17-3 

6. 



68*5 


1*4 

1*3 

11*8 

17*1 

c. 

Solid 


, 66-8 


1*3 

1*2 

6*6 

26*1 

d. 



, 68*4 

2-1 

0-7 

1*3 

3*d 

23-6 

e. 



, 67*4 

2*0 

0*6 

1*4 

4*4 

U‘i 


In experiments c, d, and e, solid acetyl peroxide was exposed to 
the ultra-violet bight for about 3 hours. The amount of ethane 
formed was much greater than in the thermal decomposition. 
Even in this case, however, there is no reason to suppose that the 
main reaction consists in a simple breaking up of the acetyl peroxide 
into ethane and carbon dioxide. 

• 

Gtmduaion. 

The results of the experiments described in this paper make it 
appear extremely unlikdy that the formation of ethane and carbon 
dioxide at the anode in the electrolysis of acetates proceeds i^hrough 
the intermediate stage of acetyl peroxide. The viW that the 
discharged acetate ions, which must necessarily be v^ unstable 
radicals, react together to give the above-mentioned products 
still afiords the most satisfactory, although perhaps incomplete, 
explanation of Kolbe’s electtosynthesis. In the interaction of these 
radicals some sort of momentary loose union may well take place 
prior to a more far-going disruption, but the assumption of the 
actual formation of the chemmal]^ known peroxide is unnecessary 
alsd also ^sperimentally unsound. That a small portion of the 
acetate radical mi^t unite to form the more stable peroxide 
wouM imt be, surprising, and this possibility is not excluded. 

aasginnents against the peroxide theory may be summed 

P) decomposition of acetyl peroxide, both in the 

pure sifdio and ih! soiiution, does not indicate a reaction according 
te the aqui*taa;{C 0 a 3 «OO*O )2 = CgH^ + 2 CO 2 . 

(2) Methane, which is not found in the anode gases duriug the 
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electrolysis of acetates, is always present among the decomposition 
products of acetyl peroxide, often in large amounts. 

(3) Peroxides have not as yet been isolated by electrochemical 
means, even at low temperatures at which the peroxides are com- 
paratively stable. 

I should like to thank Professor Sir James Walker, P.R.S., for 
his helpful advice duriog the course of this work. 

Unttebsitz oy Edikbuboh, Ma^ 2lst, 1928.] 


CCLXVI . — The Adsorption of Vapours on an 
Amalgamated Platinum Surface. 

By JoBQsr William Smith. 

The following experiments are a continuation of those of McHaifie 
and Lenher (J., 1925, 127, 1569) and of Lenher (J., 1926, 1785; 
1927, 272), who studied the adsorption of water and of benzene 
vapours on glass, silica, and platinum surfaces at temperatures 
near the saturation temperature. Assuming the surface to be 
perfectly plane, they deduced that this a^orption was multi- 
molecular. This hypothesis, however, has been criticised by Eraser, 
Patrick, and Smith (J. Physical Chem,, 1927, 31, 897) on the 
ground tlie walls of the adscrcption vessels employed were not 

by acid cleaning. ^ This was sup- 
pdrt^ ^ect was not present m the 

case of toluene vapour on a fr^hly-blown glass sorfae© which had 
not been exposed to moisture, lie work here recoided was com* 
menced in the belief that amalgamation of the platinum vessel 
would produce a perfectly plane surface without the possibility 
of capillaries in which the adsorbing gas could condense. 


Experimental. 

The Adsorption of Water Yapowr on m Amalgamated Pkdinum 
Surface. — ^The apparatus employed was exactly the type used by 
McHaffie and Lenher (Zoc. cit). The platinum vessel, together 
with a short length of glass tubing, was removed from the U-tube. 
It was filled with freshly prepared sodium amalgam, the end closed, 
and the bulb asBowed to stand over-night. The amalgam was then 
removed, and the inside of the vessel washed repeatedly with clea^ 
diy mercury. The last traces of the sodium were finally remold 
by repeated wadiing with water. The vessel was then : 
position, care being taken not to heat the platimtfia^; 
thereby 'Mve off the i^ 
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perfonned through a long tub© packed with phosphoric oxide and 
glqjM -nrool so as to prevent the admission of grease. Experiments 
were th"" carried out in the manner described by MoHaffie and 
Lenher. 

The amalgamated surface was perfectly reproducible, but in 
no case could a normal vapour-pressure curve be obtained in the 
amalgamated vessel. The same curve was always reached at the 
lower temperatures, viz., about 1‘3 mm. below the normal ■^^oiir 
pressure. 'Hiia value was remarkably constant ov^ l^e temperature 
range ruvestigated. After thorough cleaning and reamalgamation 
of the surface, the same curve was always obtained. In each case 


1 . 



Abachtte tmvptfOtme, T. 


the vessel was very thoroughly washed for some time after the 
washing had lost all trace of alkaline reaction. In one case, 
.^Iter a series of readings had been taken, the bulb was disconnected, 
o ga,’" washed about SO times water, but exactly the same 
was observed. A selei^fm .c4 the results obtained is given 


in .f;, T is the absohite temperature, and p the pressure 
at 0°) retd at corresponding temperature. 

bulb' was 5*3X7 c.c. and its internal 

2* are plotted as abscissae against the corre- 
preasmm p as ordinates. The vapour-pressure curve fo^ 
water is also givm, plotted from the data of Scheel and Heote 
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Table I. 




N/cm.a 




N/cm.® 


T. 

P- 

X 10-1^ 

6. 

T. 

5>- 

X 10-14. 



Expt. No. D.3. 



Expt. No. E.3. 


313° 

32-61 

— 


311 

31-20 

— 


310 

32-20 



307 

30-76 

— 


308 

31-90 

9-6 

0-8 

306 

30-23 

39-3 

3-3 

306 

31-65 

23-8 

2-0 

304 

29-79 

77-3 

6-6 

306 

31-22 

60-0 

4-2 

303 

29-26 

127-3 

10-7 

304 

30-71 

94-0 

7-9 

302 

28-30 

220-1 

18-6 

303 

29-80r 

184-4 

16-5 

301 

27-00 

353-4 

29-7 

302 

28-57 

309-4 

26-0 

300 

26-67 

496-2 

41-7 


Expt. No. B.2. 



Expt. No. E.6. 


309 

26-40 

— 


310 

29-19 

— 


306 

26*16 

— 


307 

28-92 

— 


304 

25-97 

— 


306 

28-72 

— 


303 

26-82 

9-6 

0-8 

304 

28-56 

9-6 

0-8 

302 

25-65 

20-2 

1-7 

303 

28-20 

36-9 

3-1 

301 

25-39 

40-6 

3-4 

302 

27-68 

97-6 

8-2 

300 

24-76 

100-0 

8-4 

301 

26-67 

188-0 

16-8 

299 

23-70 

186-8 

16-7 

300 

26-40 

322-5 

27-] 

298 

22*60 

336-6 

28-2 

299 

24-00 

477-2 

40-1 


Expt. No. 0.2. 



Expt. No. C.4. 






300 

21-31 

16-7 

1-4 

20-2 

1-7 

298 

21-10 

33*3 

2-8 

60-0 

4-2 

298 

20-83 

65-9 

4-7 

Jiyk4 > 


29^ 

’20-46 

90-4 

7-6 



29^ 

19-76 

173-7 

14-6 




18-70 

.268*9 

22-6 

48t4 


17*60 

380*7 

32-5 




300 

22*91 

29-7 

2-6 


— 

299 

22-60 

63-6 

4-6 


— 

298 

21-87 

114-2 

9-6 


— 

297 

20-97 

22X-3 

18-6 

6-7 

0-66 

296 

19-87 

339-1 

28-6 


{Aim. Phyaik, 1910, 31, 715). The series letters G, B, and E refer 
to dxSerent amalgamated surfaces. Between each series the surface 
was cleaned with nitric acid, washed, and reamaJgamated as 
described above. 7^ treatment did not alter the nature of the 
platinuza ssoface itself, for the same adsorption curves were obtained 
before and after -t^tment. 

. in the case of,Mc^affie and Lenher’s experiments, the nun^li^. 
otinfdeoules adsorbed per sq. cm. {N /cm.®) is given by ; ; 

’ ’ ' =5: (p/l* - Pi/Ti) X 3-369 X 10“, 

where p is the pressicere' at scteb gitilat Qn,.t^,tei|a^gS^^^H|^| 
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experimental curve at the temperature and and are the 
corresponding values for the point under consideration. The 
constant 3-359 X 10^® is calculated from the dimensions of the 
platinum vessel. Similarly, the. number of molecular layers 
adsorbed is given by 0 = (p/r — pJTi) X 2824. 


Fio. 2. 



' ‘In Kg. 2, the thickness 0 of the adsorbed film is plotted against 
e^uililnium pressure of the film at constant temperature. 
SmaJl pressure difierences become greatly magnified when plotted 
in ttds way, th© fact that the results at any one temperature 
of all three ser^ lie on the same smooth curve attests to the constant 
nature of the surface. !Por comparison, two of the isotherms found 
by McHaffie and Lenher for a platinum surface are also included 
as broken lines. 
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The Adsorption of Benzene Vapour on <m Amalgamated Platinvm 
Surface . — ^Thie adsorption vessel was amalgamated in exactly the 
same manner as for the previous series of experiments, but in some 
cases the surface was washed only with dry mercury, whilst in the 
others it was also washed repeatedly with water. Both surfaces 
gave the same type of curve, but that washed with water gave the 
more consistent results. A few of the results obtained with such 
water- washed surfaces are in Table II. 


Table n. 




Nlcxa.* 




N/cm.a 


T. 

p. 

XlOr-l*. 


T. 

5>- 

XlO^^ 

1?. 


Bxpt. No. li.I. 



Ezpt. No. L. 2. 


307*0® 

110-90 

.... 


307-0® 

107-49 




3im*o 

110-63 

— 

— 

306-0 

107-16 

— 

— 

303-0 

110-16 

— 


306-0 

106-84 

— 

— 

304-0 

109-79 

— 

— 

304-0 

106-41 

— 

— 

303-6 

109-62 

— 

— 

303-0 

106-95 

10*0 

3-6 

303-0 

109-34 

13-5 

4-7 

302-6 

105-72 

16-6 

6-8 

302-6 

109-05 

27-0 

9-4 

302*0 

106-45 

26-7 

9-3 

302-2 

108-68 

63-7 

18-7 

301-8 

105-29 

37-0 

12*9 

302-0 

108-40 

77-2 

26-9 

301-6 

106-16 

47-1 

16-4 

301-8 

108-10 

100-7 

36-1 

301-4 

105-00 

63*7 

18-7 

301-6 

107-63 

167-9 

66-0 

301-2 

104-79 

70-6 

24-6 

301-4 

106-93 

216-2 

76-0 

301-0 

104-61 

94-1 

32-8 

301-2 

106-43 

266-2 

92^4 

300-8 

104-12 

130-9 

46-6 

301-0 

106-63 

346-8 

120-6 

300-6 

103-62 

177*9 

62-0 

300*8'^. 


423*0 

14'7-4 

300-4 

102-97 

260-0 

87-1 




, m-7 

300-2 

102-26 

316*7 

110-0 




361-4 

300-0 

101-67 

382-9 

133-4 

299-7 

100-26 

896-6 

312-4 

299-8 

100-79 

46(3-6 

161*6 





299*6 

99-91 

663-9 

193-0 





299-2 

98-0$ 

745-3 

269*7 





299-0 

97-27 

868-1 

299-0 


304-0 

Expt. No. M.7. 
91-79 


306*0 

Expt. No. M.9. 
103-64 — 


303-0 

91-47 

— 



305-0 

103-24 


, — 

302-0 

91-17 

— 

— 

304-0 

102-92 

— 


301-0 

90-86 

— 


303-0 

102-60 

— 

— 

300-0 

90*52 

3-4 

1-2 

302*0 

102-18 




299-0 

90*10 

16-6 

6-8 

301*2 

101-71 

27-C 

9-4 

298-4 

89-82 

27-0 

9*4 

301-0 

101*68 

33-6 

11-7 

298-2 

89-66 

40*2 

14-0 

300-8 

101-41 

43-6 

16-2 

298-0 

89*64 

47*1 

16-4 

300-6 

101-23 

67-1 

19-9 

297-8 

89-27 

70-6 

24*6 

300-4 

100*98 

77-2 

26-9 

297-6 

88-98 

97'3 

33-9 

300-2 

100-71 

100-7 

36-1 

297-4 

88-66 

127-7 

44-6 

300-0 

100-40 

127-7 

44*6 

297-2 

88-21 

167-9 

68-6 

299*8 

99-90 

174*6 

60-8 

297-0 

87-71 

221-6 

77-2 

299*6 

99-31 

236-1 

81-9 

296-8 

87*22 

268-6 

93*6 

299-4 

98-63 

302-2 

108-3 

296-6 

86-66 

326-7 

113-6 

299-2 

97*66 

393-9 


296-4 

86-03 

38^5 

136*7 

299*0 

96-86 

mi 


296-2 

296-0 

86-34 

84-64 

460-1 
^633^8 , 

160*3 

, . 1 f 
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Table n {ccmtd.). 




Nlom.^ 




jy/om.» 


T. 

P* 

xio-K 


T. 

P- 

xio^*. 



Expt. 

No. L.9. 



Expt. No. J.3« 


306'0 

100*47 




304*0 

96*37 

— 


305*0 

100*13 




303*0 

96-00 

' — 


304-0 

99*80 




302*0 

94*62 



303*0 

99*46 




301*0 

94*24 



302*0 

99*13 



300*0 

93*84 

— 


301*5 

98*92 




299*8 

93*76 

— 


301*0 

98*69 

10*0 

3*6 

299*6 

93*68 



300*6 

98*52 

16*6 

5*8 

299*4 

93*60 

— 

2-3 

300*4 

98*44 

20*1 

7*0 

299*2 

93*48 

6-6 

300*2 

98*29 

27-0 

9-4 

299*0 

93*33 

16*6 

6'8 

300*0 

98*11 

40*2 

14*0 

298*8 

93*16 

27*0 

9.4 

299-8 

97*88 

67*1 

19*9 

298*6 

92*89 

60*2 

17*6 

299*6 

97*60 

80*6 

28*1 

298*4 

92*60 

77*2 

26-9 

299*4 

97-23 

117*4 

40*9 

298*2 

92*29 

104-2 

36-8 

299*2 

96-79 

167*8 

66*0 

298*0 

91*82 

161*0 

62-a 

299*0 

96*26 

211*6 

73*7 

297*8 

91*30 

201*5 

70*2 

298*8 

95*73 

266*2 

92*4 

297*6 

90*70 

262*0 

91'8 

298*6 

95*03 

335*5 

116*9 

297*4 

90*08 

326*7 

113-6 

298-4 

94*31 

409*6 

142*7 

297-2 

89*45 

389-5 

186-7 

298*2 

93*71 

470-1 

163*8 

297*0 

88*73 

463*5 

161-6 


The muaber of molecraleB adsorbed per sq. cm. is given by the 
saane focmtda as before, and 6 is given by 6 = (p/T — pJTj) X 
1-i# X 104 (Lenher, J., 1927, 276). 





ad^r^on isolberms for a few temperatures are plotte^^ 
Jig. 3. In this case, again, the remarkable efect was obsea^d 
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that the vapour pressure obtained was about 1*6 mm. below the 
normal value. This was confirmed by introducing benzene till it 
formed a definite meniscus above the mercury, and then deter- 
mining the vapour-pressure curve. This followed exactly the curve 
traced by the lower portions of the other pressure-temperature 
curves. 


1. The adsorption of water vapour and of benzene vapour on an 
amalgamated platinum surface at pressures near the saturation 
values has been studied. 

2. Such a surface is quite permanent in both vapours, but not in 
the laboratory atmosphere, 

3. Both cases show definite effects of the type found by McHaf&e 
and Lenher, and thus support their view that under such conditions 
multimolecular adsorbed films are produced, in spite of the fa6t 
that the surface, being virtually a liquid mercury surface, is pre- 
sumably incapable of containing capillary cavities of the type 
postulated by Eraser, Patrick, and Smith. 

4. In the amalgamated vessel the vapour pressure of the liquids 
was always low — ^to the extent of 1*3 mm. in the case of water and 
1*6 mm. with benzene. This was constant throughout the temper- 
ature range investigated. 


* ' ^^^^hor desired to excess his great indebtedness 

during 'caacried^ but, and 

especially to Prof^c>r!f. su^^iaon 


this work was undertaken, 
its progress 



The Sm Willxak Baksay Labobatoey of 
Bhysioaii Ajsm Inoeganic Chbmibtey, 
TJnivbbsity CoiiIiBge, London. 


[Beceivid, May i6th, 1928.] 


CCLXVII. — Halogen, Derivatives of o- and ^-Azophenol. 

By IiOTns HTmrBB and Bokau) SmiriiV Baketbs. 

Pbbviotjb attempts to obtain bedogen detiyatives of o- and p-azo- 
pbenol (2 : Sf- and 4 : d'-dihydrosyazobenzene) bave resulted in tbe 
is^tion of tbe tetrabromo-oompoonds (Weselsky and Bene 
Armeim, 1879, 198, 340) and of a tricblaro-o>azopbenol i 
Henipann, Ber., 1882, 15, 1499). 7!bat tbe 
elemmitm;y halogens ep .tbeei!|t pi^e^ls is ne$ ! 
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HtmTm BABNBS : 


substitution is sbomi by the fact that tie latter authors isolated only 
s-tridiloxophenol from the action of cUorine upon j7-azophenol. 

The ^»seat investigation was oiigiaally undertaken with a view 
to obtaining some of the higher ohloro-derivatives of the azophenols, 
later as a means of preparation of some substituted ammo- 
phenols. So well did these azophenols lend themsdves to progressive 
halogenation that, with the exception of feribromo- and tri-iodo-o- 
azophenol, all the anticipated stages from the mono- to the telara- 
halogea substitution products have been obtained, viz., those 
possessing substituent halogen in positions ortho and para to the 
hydroxyl groups, although all the possible isoinerides were not 
isolated. The chloroamine method of halogenation(Orton andEong, 
J., 1911, 99, 1186) was used thiou^out this investigation, toluene-p- 
sulphondiohloroamide ( “ diehloramine-T”) being emjdoyed (Bradfield, 
Cooper, and Orton, J., 1927, 2854; Bradfield, Orton, and Roberts, 
this voL, p. 782). The bromo-oompounds described are the firsttp be 
prepared by the chloroamine method, thus bringLog bromioation into 
line with chlorination and iodination in this respect. The results 
amply illustrate the extreme delicacy of the ohlcroamine method. 

The posiidpns taken up in the azophenol molecules by the sub- 
stituent halogen atoms were readily detmuined by reduction to the 
corresponding ammophenols, and it was thus found that p-azo- 
phenol yielded only the 3 : 3'- and not the 3 : 5-dihalogeno- 
dedvative on dihalogenation, and that in the mono-substituted 
o-azophenols the halogen atom occupied the 5-position apparently 
to the exclusion of the 3-position. 

Owing to its structure p-azophenol is more liable to oxidation 
than its o-isomeride, and instead of substitution iodinatiog agents 
cause partial oxidation to a quinhydrone-like complex, 

O:0eH4af*N:C^:O,H:O*08H^-N3S[-0aH4-OH, ' 

which on further oxidation is transformed hrto p-quinoneszine, 
0iC,^IN'’lir:C8Ha:0. lodina'feton of ptazojhenpl , ctf 6f its deriv- 
atives by all the usual methods was unsuccessful, though o-azophenbl 
was iodinated normally. ... , : • _ „ 

The action of more than four equivalents of hah^enalmg 
Ibdan the ^loadTVMfem, iof p-azopbeaol to the'|aDdtKitisp 
ohloioquinones of a type similar to,p-qimoneazme whloh have not 
been fud^er invesiSgated, but in ^ other cases yidded the tetra- 



l,2;f 


' s>- nriti ^-ifaiGiiiSieBols were frepered by WiBst&tter’s modificatioga 
{Ber^, 1996, 39j^9S] of Weselsky and Benedikt’s meihod ((be. 

Ae pdnted <rat h7 Robertson (J., 1913, 103, 1472), p-szo^tsaol 
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moixohydrate obtained by this method is the oim ; and the 
compounds described in the present work retain the ^m9is-configur- 
ation, since tetra-substituted derivatives are readily obtained. 
Similar arguments apply to o-azophenol, although no second 
modification of this compound has yet been obtained. 

In the following account the typical procedure is described in 
detail for a chlorination, a bromination, and an iodination; all 
other halogenations are similar unless special precautions are 
mentioned. In most preparations, and more particularly in 
iodinations, acetic acid stable to halogens (Orton and Bradfield, 
J., 1924, 125, 960) was used as a solvent. 

Derivative of jp-Azophenol {4^:4i^-Dihydroxyazobenzeiie ], — 
Z-ChloroA ; 4/ -dihydroxyazobenzene. jp-Azophenol (l^d g.) was dis- 
solved in glacial acetic acid (600 c.c.) and mixed with a solution of 
dichloramine-T (0-82 g.) in acetic acid (80 c.c.). A few drops of 
dilute hydrochloric acid were added, and the mixture was kept in 
the dark for about | hour ; chlorination was then complete as shown 
by the absence of free chlorine. Since dilution with 1 1. of water 
failed to precipitate the product, caustic soda was added imtil the 
mixture was almost neutral. The brown deposit formed was 
washed, dried, and crystallised from 20% aqueous alcohol, giving 
fine red granules (1-1 g,), m. p. 184® (round : Cl, 14-7. CigHgOaNgCJ 
requires 01, 14-3%).' 

feed by reduction with 
and isolation of a mixture 
chlorinatLon the substance 
was transformed into a : 3'-dichloro-4 : A^.cPiydro^liapbem^ 
constitution of which has been proved. . . , * - • 

Z-CIdoroA : 4t-diacetoxyazobenzene crystaUised from alcohol in 


The qoi^|itqtiQn fOi^ the compound wi 

J -L—j 'Ll 


cl aminopieabls ; 


r,' oh fuythep:^ 


fine orange needles, m. p. 160 — 161®, and the dihenzoyl derivative 
in yellow needles, m. p, 158 — 169®. 

3 : y^DichloroA : : ii'-dihydroosyazobenzem formed rust-red needles, 
m. p. 196®, from alcohol (Found : Cl, 24-7. CiaH 302 Nr 2 Q 2 re<l^©s 
01, 25-0%). Reduction with stannous chloride yielded o-chloro-jp- 
aminpphenol. The diaoetyl derivative crystallised from alcohol in 
fine orange needles, m. p. 199®, and the dibenzoyl derivative from 
benzene in bright yellow needles, m. p. 226®. 

3:6: S'-Tr^foro-4 : 4:' •dibydroxyazobemem formed yeUow-brpwn 
needles, m. p, 172®, from 60% aqueous alcohol (Found ; Q, ^-4. 

requires dl, 33*6%)* Reduction . with stannous 
chloride and hydrochloric acid gave a mixture of the hydrochlori^ 
of a mdj^o- and a (fi-^oro-p-aniinophenol, and on further i “ 
ation the compound yielded 3:6:3': tetr|bcldorpT4 y. 

3y 
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Tte liiaceiy? derivative crystallised from Witene in fine orange 
needles, m. 207—208% and the Mbenxoyl derivative in yelltm 
■pn&ilas, m. p. 180°. 

8:6:3': S'-TMrcuMoro-iyi'-dihydroxyaisobmme was isolated as 
the hexahydrate, which formed fine yeHow needles, irf. n. 226°, 
from aqneoTlB acetic acid (Pound : IB.^0, 22‘0. CiaHg02lST2^h4>®S20 
requires HgO, 234%). The anhydrous substance had m. p. 240® 
^und: 01,40.4. 0i2HeO2N2ei4 requires 40^3%). Its^yroddct 
■ci reduction was 2 : 6-dichloro-4-aminoi^ehol, m'. p. 166**. Its 
didc^yi derivative fOHned yeUow needles, m. p. 240°, from alcohol, 
and the diMnzoyl derivative Orange needles, m. p. 244'°, from 
benzene. 

3-jBiro«io-4 : 4/ -diJiydfoxyaedbenzme. A solution of p-azophenol 
(2 g.) in stable acetic acid (600 c.c.) was treated with a solution of the 
brominating agent prepared by mbdng solutions of dlchloraUdne-T 
1(1 *6 g.) in acetic acid (60 c.c.) and potassium bromide (1*6 g.) in trater 
(20 O.6.). After 30 minutes no frhe bromine Could be detected, and 
the product was precipitated by partly neutralising the acetic add 
and* dSUting the mixture with water. The product crystallised 
from aqueous alcohol in ydlow needles (2*6 g.), m. p. 163°, which 
Mgffly ■ daiifened on exposure to light (Fdund ; Br, ffi'O. 
requires Br, 27-3%). 

Beduction afforded a mixture of p-aminqphenol and its mono- 
i^mhkjdmpoUnd, and ihe Cohstimtion of the azcphenol was 
Cdffirmed 'by futther hrmuination, yielding 3 : 3'-dihromo-4 : 4'- 
aihySrCxyazOhcniseae (see below). 

'’^-SrotnoAz4f-diaeetoiByaz(d>&mn6 crystallised from benzene in 
orange needles, m. p. 1^°, and the d^enmoyl derivative hi yellow 
ptidiiB, m. p.' 186—166°. ' 

3 g i : 4:' -dih^firoxytMeridSnei crystaBlBed from alcohol 

in light brown needles, m. p. 1-7S°, wlueh daf&ened on exposure 
(Pdand: Bir,424. 0j^802Br2Bi:2 toquiices fijr, 48’0%). Redaction 
yiddfid' U'bnunh'P'aminophenol, in. p. 154°, thus confirming the 
constitution Cf the azophenol. 

ifre derivative erystailised from alcohol in yelloW'Oifaihge 
m. p. 161% adk dSSidJBCyr derivative from benz&e in 
pale yellow needles, m. pi 1S^% ' 

: X^^^S^Sl^^toxytaxbenzem crystallise from 
m. p. ifii’ (Pound: Bt, ^-1. 

mireuotion, and by further htondnhidW, 
: l''‘-d2hydfoxyaiZohenzBne,' 'llfre' conhiSittt- 
tKSl'MuSMiae'bWifi prove. - I n .i: . 

3:6; Z’-Trihromo-i : 4'*diacefoapazo6enzejie- 
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in li^t bsown prisms, m. p. 172°, and the dibemoyl deriraMye 
from benzene in yeQow needles, m. p. 216°. 

3:5:3': 6'-TetTabromo-4 : 4'-dihydrozyazobeDzene was obtained 
as ydlow-brown needles, m. p. 262° (decomp.), from acetic acid 
(Fonhd : Br, 60-4. Calc. : Br, 60*4%), and was identical with 
the substance described by Weselsiy and Benedikt {he. eit.); it 
yielded 2 : 6-dibromo-4-atninjOphenol, m. p. 190°, on reduction. 
The duzcetyl derivative formed yellow granules, m. p. 240°, from 
benzene, and the dhemoyl derivative orange needles, m. p. 265°. 

3 : Z'~DicMoro-5 : 5'-dU>ro^-i : A' -dikydroxyazobensime. 3 : 3'*l)i- 
ohlc*o-4 : 4'-dihydroxyazobenzene was bromioated completely, with 
2 equivs. of the brominating agent, in 15 minutes, and a quantify of 
the product separated; the remainder was obtained by dilutipn 
with water. It crystallised b^m alcohol in fine ydlowtih-i!ed 
needles, m. p. 262° (Found: Ag halides/original Wei^t, 161'7. 
CisjHjOaNaCIaBra requires 160-4%). It reduced to 2-chloro-6- 
bromo-4'aminophenol, m. p. 177° (decomp.) (compare Baiford, 
Amer. Okem. J., 1911, 46, 422). 


Action of Iodine CMoride on p-AaopAcwol.— Solutions of p-azo- 
phehol (1 g.) in stable acetic acid (230 o.c.) and of dichloramine-T 
(0*6 g.) and potassium iodide (0-72 ^.-) in acetic acid (60 o.c.) were 
mixed. Aftef 26 minutes the iodine chloride had disappear^ and 
purple gr^td^tiAredepbsited (0-8 g.) wfaitii crystallised from alcohol 
in' n^Oics/ni.' p. 18d° ^omid: Sf, 12*8. <3810. : 

^aslAfflitfi^ed as the qtdtdiydrbneatine 
(Wfflhti&r^ana'fey, 11^,'^; i^)' by;' ttiJubtibn/y#! 

sulphur dioxide to p-azophinid (in. z 04 % rCdnd&ku 

to p-aminophenol (m. p. 183°), by oxidatitin ih sdh^ai 

with dry silver oxide, to quinonea>zine (m. p. 158°), and by a mixed 
melting-poiat determination with an authentic specimea prepared 
by the method of these authors. The same substance was given by 
the action of excess of the iodmating agent On p-azophenol. 

jberim^ves of b-Azophmcd (2 : ^ ~h^droa^<ilsxdiffnssen£). — 

2 : 2 '-d%y(&‘(%un 7 &eazene formed fine brown granules, m. p. 1^°, 
fropi aqueous alcohol (Found: d, 14-4. requires 


d, 14*3%}. Its constitution was decided by further chlorination 
to 6 : 3'-didblorb-2 J 2'-dihydroxyazobenzene. 

&-Ghdoro-%i^'-diaafyxcy9aA^^ urystaP^ fnim alcohol ih. 
fine oran^ needles, m. p. 117°, and ‘tiiS d^^kto^ deti'hrtive in biown 
iaia^-m;pl W'-; 

5'i’(f-2)j(^Zar6-2 ) was bbtiulned in b 


chloride and hydrochlatio add and • 
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was obtained which was immediatd.y converted into the acetyl com* 
pound by means of acetic anhydride and sodium acetate. The 
product formed white needles, m. p. 170°, from alcohol, and was 
proved to be 4c-chloro-2-mdcmidophenyl acetate (Pound : 01, 14‘6. 
OiaHjoOaNCl requires 01, 16-6%) by comparison with the compound 
(m. p. and mixed m. p. 170°) produced by the reduction and subse- 
quent acetylation of ^)-ohloro-o-nitrophenoL 

5 : 6'-i3icAZoro-2 : 2'-diacetoxyazobe7ize7ie crystallised in orange-red 
needles, m. p. 199°, from alcohol, and the iHemoyl derivative 
formed pale brown needles, m. p. 243°. 

3:6; 6'-Trichloro-2 : 2'-dihydrozyazobenzen6 was obtained by 
the usual method as orange needles, m. p. 236°, from benzene, 
identical with the product prepared by the method of Bohn and 
Heumann {he. eit). Its constitution was proved by its further 
chlorination to the 3:5:3': 6'-tetraohloro-oompound. The di- 
acetyl derivative crystallised from alcohol in pale orange prisms, 
m. p. 189°, and the diietmyl derivative in 3 mllow-brown granules, 
m. p. 247°, from benzene. 

3:6 + 3': 5' -Tetraddoro-2 : 2'-dihydroxyaa)beimm formed silky, 
orange-red imedles, m. p. 246—247°, from benzene (Pound: 
C3, 40‘2, requires Cl, 4fr4%). By reduction with 

stannous chloride a JiydrocMoride (Pound: Cl as chloride, 16*2; 
total Q, 60'1. CjHgONQgjHCl requires Cl as chloride, 16'6 ; total 
Cl, 49-6%) was obtained. The corresponding base, m. p. 107° 
(d<K3omp.), was identical with 2 : 4-dicMoro-6-aminophenol, m. p. 109° 
(decomp.), prepared by the reduction of 2 : 4-dichloro-6-nitrophenol 
(Pischer, Anncden, 1870, Spt. 7, 193). A mixture of the two 
specimens had m. p. 107°. 

3:6:3'; -Tebradiloro-2 : 2'-diac^oxyazobens!en^ crystallised from 
alcohol in pink needles, m. p. 196°, and the dibemoyl derivative in 
yell6‘wish-brown prisms, m. p. 186°. 

S-Bromo-2 : 2' -dihydroxyazoheTmne formed a brown, micro- 
crystalline solid, m. p. 164°, from aqueous alcohol (Pound : Br, 27-1. 
Cjj^OjNjjBr requires Br, 2f-3%). Purther bromination gave the 
6 : 6'-dibiromo-compound.. 

5-Bromo-2 : 2' <diac^(^aisobeniiem formed dark orange needles, 
m. p. 142°, and 5-bf‘<>jm-2‘,2'-dibmatyhotyazobe7izem oxystaUised 
^x>wh needles, m. p. 215°. 

was obtained from 
aHsb£oJt'4a 'otaa^rM' needles, m. p. 249° (Pound : , "Br, ,42’65, 
jjaqi^res Br, 43*0%), On reduction it gave p-iaemo- 
hyc^}^ (Pound : Ag halid^/original weight, 
1^*8. C^., l4'7*6%), from which the base was obtained as a white 
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crystalline solid, m. p. 87® (ScMiq>er, J?6r., 1893, 26, 2469, records 
m. p. 88°). 

5 ; 6'-Dibromo-2 : 2' -diaaetoxyaxobensma or 3 ^tallised from benzene 
in orange granules, m. p. 211°, and the dibe/nzoyl derivative in pale 
broTm needles, m. p. 202°. 

3 : 3' : 5 : 6'-Tetrabromo-2 ; 2'-dibydroxyazobenz6ne obtained by 
the chloroamine method of bromination formed orange-bro^m 
needles, m. p. 262°, from benzene (Found : Br, 69’7. Calc. : 
&•, 60-3%), identical with the substance prepared by Wesdslqy and 
Benedikt’s method (he. dt.). Its constitution was assumed by these 
authors, but has now been established by reduction of the compound 
to 2 : 4-dibromo-6-ammophenol, m. p. 97 — 98° (Thiele and Eichwede, 
Anncden, 1900, 311, 373, gave m. p. 98 — 99°), the hydrochloride of 
which was analysed for halogen (Found : Ag halides /original weight, 
170*6. Calc., 171*2%). 

3:5:3': 5'-Tetrairomo-2 : 2' ‘d/McettKcyaaebemme crystallised from 
benzene in brown granules, m. p. 210—211°, and the dibmzoyl 
derivative in coarse orange granules, m. p. 214°. 

5-Iodo-2 : 2' ■dAJ^droxy<m>hm!!em. o-Azophenol (2 g.) was dis- 
solved in stable acetic acid (200 o.c.), and a solution of 33% excess 
over one equivalent of iodinating agent addfed. The latter was 
generated by adding finely powdered potassium iodide (2*1 g.) 
slowly with shaking to a solution of dichloramine-T (1*6 g.) in acetic 
acid (100 c.c,). The mixture was gently warmed on the water-bath, 
and the course of the reaction was fdfiowed by titrating 10 o.c. of 
thb mixture at l&>minute intervals with thiosulpluite. When the 
titre had fallen to one-quarter of the otigmal value, the mixture 
was cooled and the excess of iodine was destroyed by edition 
of a solution of sodium sulphite. Dilution with water ;^etd6d 
a brown precipitate which crystallised from alcohol in brown 
needles (2*2 g.), m. p. 149—160° (Found : I, 37*3. CiaHsOaNal 
requires I, 37*4%). Further iodination yielded the 6 : 6'-di-iodo- 
compound. 

5-Iodo-2 : 2'-diacetoxym^benxene (uystallised from benzene in 
brown prisms, m. p. 138°, and the dibe/nxoyl derivative from alcohol 
in pale brown needles, m. p. 169°. 

6 : 6'-Di-Mxio-2 : 2' -di7iydxoxy(mibe/rixem, prepared by the treatment 
of o-azophenol with two equivalents of iodinating agent, crystallised 
frmn alcohol in brown needles, m. p. 153° (Found : I, 54‘2. 
OjgHgOaNa]^ requires 1, 64*6%). 

Beduction yielded the hydrocMoride of p-iodo-o-cmi7iop7imol 
(Found : Ag halides/original weight, 138*8. 0 gH 70 NGll requires 
139*4%), from which the base was obtained in white needles, m. p. 
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139® ; it \ra8 identic^ Trith the pTQnJv®* fanaed by. peduouig |?.iodo-o- 
oitrophenol. 

5 : 5'-IH~ioio-2 : ^-diaedoaya^c^mem formed dark brotm 
groiuules, m. p. 146°, from aloohol, and the dibemoj/l dexivative pale 
Wwn needles, m. p. 147°. 

3 : 6 *. 3' : 5'-Telmiodo-i : ^'-iih^droaa/mibmtem was obtained in 
the netpal way in brown needles, m. p. . 98-->'99°, from benzene 
(Found: 1,70-66. Cj^H^OaNaT^ requires 1, 70-8%). On redaction 
it gave the hydrofMotide ci 2 •, ii-di^odQf-S’Cmmyphmol (Found: 
Mg halides/original weight, 157-1. CaH 50 NIa,HC!l requires 164*4%), 
frqm wHoh ilte teas wae obtali^ as white needles, m. p. 1^°, 
identicai with the substance obtained by the reduction of ; 3 ; 4^ii- 
iodo-6-mtrophenol; a mixture of the two substances melted at 
120*5°. 

3:6:3': S'-Teiraiodo-2 : 2'-d^mioyloasyaaobmisme topped gf^J^ 
brownneedles, m. p. 241°, fromaloohol. The parre^nding dia«»|tyl 
compound was not prepared, ainoe hot acelio anhydride caused 
decomposition of the aaophei^. 

Note.— In this and tiSie.fpllQwihg, pap® mixedThaJogen 
anaiyses were ccmdnoted by the Carina method, expressed either 
as. percenteg^ of ea^ halogen or as a pwcenjtage ratio of the weight 
of the mixed sduer halidss tp, the p4|^nal weight of the suhstance, 
accojding to whether- or not the mixed silver halides were ponverted 
into silver chloride and reweighed. 

UmvsBsixv CotKBcni or Nobxs Waxbs, 

B4Jf(j0B. [Received, May 26th, 1928.] 


CCLXVIII . — The Preparatim Som^ HcAogemmmno-‘ 

' fhemM. Pmtl: Mixed TeMhc^en Derivatives 
' ' of <i-Azophenol. Part JI. Bcdoge'h Derivatives of 

p-Sydroxyazdbenzene. 

• ‘ Louis ‘HurrrsK and Bokaud SmssY Bassss. 

' Pad 1. Mixed TOrcdvitogen penvadives of o-Azophmfd. 

the,ps^p»raiaon of substituted amiuo- 
.» l^wed on -the ease of reduction of o- and 
(see prepeding paper). It hae 
he^ Qoo. eit.) that the prima^ product of. the reaotiqn 

hak>^ and one of o-azophemd is the 
§ eooqpipuad, and that further habgsnation dlls 

-Sf- and S'-pfpitio^. Bids property allows of tba ppeparal^on • 
of two ismnerides of each of dichlorodibromo-, dichlorodi-iodo-. 
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and dibromodi-iodo-o-azophenol, the reduction of which should give 
rise to the six theoretically possible mixed 2 ; d'dihalogeno-O-amino- 
phenols; five are described in this paper. 


Br OH HO Br 






In the pfepapation of the- mixed tetrahalogeno>o-azophendls it 
WAR not usually necessary tQ isolate the dihal^en compound :tom 
the solvent medium, sinee, by using the calcnjated (luantiiy of 
halogenating agppt, substitution of one halogen for hydrog^ nould 
be foUowed by substitution of a second in the same solution* Xs 
Hm ease ®f ithe ^ : d'-di-iodo-oompounds, however, pBelihhin#ry 
wfaiionof the dwodotstage was essential, i^ce ihjg usual 
es!6uas, of the iodpiating.ag^t, the excess being ulthnateff^i 
by ladditipn ^d.-sodium^ sulphite. Use of ’ » furtbeii 
ohl«|oamin* in -Wme- WlutWf'ifhBth fcr 
bromination, would naturally lead to furfh®®d 
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Expebimeetal. 

The same methods of halogenation were used as in the preceding 
work, although in some cases acetochloroamide was employed 
instead of dichloramine-T as a source of halogen. The advantage 
of the former is that its product of hydrolysis (acetamide) is soluble 
in water, and therefore does not contaminate the halogenated 
material when this is isolated from acetic acid solution by dilution 
with water. Analyses are expressed as before (Zoc. cit, analytical 
note). 

5 : S'-DicAZoro-S : Z' -dibromo~2 : 2* -dihydroosyazobenzene. — o- Azo- 
phenol (2 g.) dissolved in stable acetic acid (600 o.c.) was chlorinated 
tothedichloro-stageby the addition of a solution of dichloramine-T 
(2-3 g.) in acetic acid (100 o.c.) with the addition of a few drops of 
dilute hydrochloric acid. When free chlorine could no longer be 
detected (20 minutes), the solution was reduced to about half its 
bulk by distillation under reduced pressure. Bromination was then 
effected by adding to the warmed mixture a solution of dichloramine- 
T (2-56 g.) in acetic acid (50 c.c.) to which had been added potassium 
bromide (2'25 g.) in water (10 c.c.). When the mixture was cooled, 
the cJUaro6r(wno-compound separated in orange-red prisms. A 
further quantity was obtained by removing part of the solvent by 
distillation under diminished pressure. It crystallised from benzene 
in needles of the same colour, m. p. 269® (decomp.) ; yield, 3*0 g. 
(Pound: Q, 16*3; Br, 36’7. requires 01, 16-1; 

Br, 36-3%). 

The diacetyl derivative crystallised from alcohol in pale orange 
needles, m. p. 203®, and the dibenzoyl derivative formed fine orange 
granules, m. p. 212®, from benzene and ligroin. 

4^0JUoro-6-6romo-2-ami^ — The above azophenol was 
decolorised with a warm mixture of stannous chloride and hydro- 
chloric acid. After removal of tin from the solution with hydrogen 
sulphide, the residue yielded small white, prismatic crystals 
of the amiwy^nd hydrochloride (Pound : Q, 27*1 ; Br, 30*8. 
C^^ONdBrjHOl requires Cl, 27-4; Br, 30-9%). The base, 
Eberated from the hydrochloride by means of aqueous sodium 
bicarbonate, formed fine white needles, m. p. 89—90®, from aqueous 
alcohoL 

acetale formed fine white 
(Pound: Ag halides/original weight, 107*6. 

108*1%)', and 4c‘Chioro*6-brorM-2-benzainidO“ 
needles, m. p. 180*5® (Found : Ag halides / 
maginal wdght, 76*38. requires 76*98%), from 

aqueous alcohol. 
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3 : S*-DicMoro-5 : 5'-dibr<mo-2 : 2^ -iihydroxyazohmzene, prepared 
from o-azophenol, in a similar manner to its isomeride above, by 
bromination followed by chlorination, crystallised from benzene in 
fine orange-red needles, m. p. 263® (Found : 01, 15*9 ; Br, 36-4%). 

The diacetyl derivative crystallised from benzene in silky orange 
needles, m. p. 199°, and the dibenzoyl derivative from benzene and 
ligroin as an orange powder, m. p. 201®. 

6~ChhroA-br(mo-2-aminophenol was obtained as its hydrocMoride 
(Found : Cl, 27-4 ; Br, 31-6%) by reduction of the above azophenol 
with stannous chloride and hydrochloric acid. The base crystallised 
from aqueous alcohol in white prisms, m. p. 93®: 

6-ChhroA‘br(mo-2-a(^tamidopJienyl acetate formed white prisms, 
m. p. 137®, from alcohol (Found: Ag halides/original weight, 
108*3%), and 6~chhroA-bromo-2-benzamid(>phenyl benzoate crystal- 
lised in silky white needles, m. p. 182® (Found : Ag halides/original 
weight, 76*05%). 

6 : 6'-DicAZoro-3 : Z'-di4odo-2 : 2* -dihydroxyazobenzene, — o- Azo- 
phenol (2 g.) was chlorinated to the dichloro-stage, the solvent 
acetic acid (600 o.c.) was reduced by distillation to one-third of 
its bulk, and the dichloro-compound was then iodinated without 
isolation by the addition of a solution of iodine chloride (2*33 mols.) 
prepared by dissolving acetochloroamide (2*35 g.) and potassium 
iodide (4*2 g.) in acetic acid (160 c.c.). The whole solution was 
made up to 600 c.c. with acetic acid and warmed on a water-bath, 
specim^li^s being withdrawn at 6-minute intervals. After 

90 mintites the titre showed titat two molecules of iodine chloride 
had been used, and the solution was oooied.and the mmm of iodine 
d^troyed by the addition of aqueous sodium sulphito. On redaofeoyM . 
of the bulk of the solvent by distillation, the dichlorodi-iodo- 
oompound separated as a brown precipitate. A further quantity 
was obtained by diluting the filtrate with water. It formed orange- 
yellow needles (4*1 g.) from benzene, which on heating rapidly had 
m. p. 272° (decomp.) (Found : Cl, 13*1 ; I, 47*4. Ci2H^02Kr2^^2 
requires 01, 13*3 ; I, 47*5%). 

The diacetyl derivative crystallised from benzene in silky orange 
needles, m. p. 206®, and the dibenzoyl derivative in light brownish 
needles, m. p. 264®, 

4:-OhioW'64odo-2-<mnnop^ was obtained, by the reduction of 
the above azophenol, in the form of its hydrocMoride^ which crystal** 
lised from water in acnall white prisms (Found : 01, 23*3 ; I, 40*64 
CeH50NCn,HCl requires Q, 23-2; I, 41*6%). The base iasM 
white needles from aqueous alcohol, having no definite; 
point but charring at about 90°. , , / ^ 
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fiteedles, m. p- 169°, from aquettus alcohol (Fouiid : Ag halides/ 
oxigmai •weight, 107*9.' OioHjO^ClI iequires 107’1%). 

■ 6 { S^-DUmmo-S : 3'*di-iodo-2 ; 2'-d^iifdrossyiizab&uS67ie "Was pre- 
pared from o-azopheuol by brommation followed by iodination as 
in 'the preceding ezampte. It crystallised from alcohol in light 
brown needles (yield, 83%), m. p. 266° (decomp.) (Pound: Ag 
haJides/original wdgbt, l^-8. requires 136*6%). 

• The diaee^ derivative crystallised from beiizene and ligroin in 
pale orange needles, m. p. 186°, and the d^emsoyl derivative in 
pale brofm needles^ m. p. 262°. 

^-Br<mo-Q-ioda-2-amkiu»phmd hydroMoridt, produced by the 
reduction of the above dibromodi-iodo-oompotind, formed creamy 
white flakes (Pound : Cl, 10*1 ; .Br, 22*66 ; 1, 36*8. C8H50NBrI,H01 
requires Cl, 10*1; Br, 22*8; I, 36*2%). The base crystallised from 
alcohol in fine white needles which decomposed before mdting. 

4-j5romO'6-iocZo-2-aceto7mdopAeayZ acetate crystallised from aMohol 
in silky white needle, m. p. 190° (decomp.) (Pound : Ag halides/ 
cecigihal -weigkt, 106*7. GyjB^O^S^Tl r^'uires 106*3%), and 
i-brom<>~&^iodo^2-bemamidophmyl benisoate from aqueous alcohol in 
white: prisms, m. p. 186° (Pound : Ag haBdes/original weight, 80*9. 
C^^^OplBrl requires 81*02%). ’ 

3 : 3'-Jlt6romO'5 : 5>'-di-i&io-2 : 2''^hi/dro3!yaz6be‘mene. 6 : 6'-Di<' 
iodo-2 : 2'-dihydro3EyaiZctbenzene was isolated as described in the 
]^9evious paper. It was -then brominated with two equivalents of 
the.'bromioating agent, and the dibromodi-iodo-oompound was 
delated as orange-red needles, m. p. 266°, after three crystallisations 
from benzene (Pound : Br, 26*9 ; 1, 40*2. CigHgO^gBr^Ig requires 
Br, 26*6; 1,40*7%). 

The dkusetigl derivative crystallised from benzene in golden 
]|eiaBileej nu- p. 217°, and the dibemoyl deriWative in orange-red 
pdcBras,) p. 216°. 

6-J5^^omo4-«odo-2-amtn(;pAcnoi! was obtained by reduction of the 
above azd^hehol.With statutous chloride and hydiooblorio acid, 
removal of the tin, and deoolorisation of the solution by boiling 
wi&i animal ofasanoelj as HiB hydroeMaride (Pound: Ag halides/ 
ddgiaal weigiit, 162*9; requires 161*6%), white, 

crystalline flal^. The bow formed needles, m. p. 90°, from aleohol. 

aqueous 

4 fitii^ifc#fcpad»4.8ilgrr3iSeaieSi m. p; 196° (Pound : Ag halides/ 

requires 106*3%), and 
ikmoede in fine rthite needles, 
IPErfije* haKdes/original weight, 80*67. 

C^g/BEigO^NBrl requires 81*02%). 

ri37*3'-BQft&»tr-6 r&'-dl-todo-2 ; 2'’dihy3roxyaisobinsim6i^'Biiip^BiBd. 
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attempts to chlorinate 5 : 6'-di-iodo-2 ; 2'-dihydroxyazobenzene as 
described above, with two equivalents of chlorinating agent, yielded 
a dark brown, amoiphons powder which could not be crystallised, 
and decomposed above 200° without melting. Although its 
ahalysis approsdmated to that calculated for Ci 2 Hg 0 ^ 2 C!l 2 l 2 > it was 
not considered sufficiently pure to be used for the preparation of 
derivatives, or for reduction to the corresponding aminophenol. 

Part II. Eahgen Derivatives of "g-Hydroxyazobenzme. 

As iodo-p-azophenols could not be prepared (preceding paper), 
iodine-substituted p-aininophenols were obtainedL by reducing the 
iodo-derivatives of p-hydrOxyazoben^ne, which are readily acces- 
sible; they were separated frotn the aniline simultaneously formed 
by means of the difference in solubility of the hydrochlorides. ' 

Direct halogenation of p-hydroxyazobenzene gave the 3 : 6-di- 
halogeno-compounds (compare Hewitt and Aston, J., 1900, 77, 
712, 810). The monohalogen derivatives were therefore synthesised 
by coupling diazotised aniline with the o-halogenophenols. 


Cl Cl 
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The dihalogen derivatives of y-hydroxyazobenzene described 
below were prepared by the chloroamine method. 

3-Chloro-4-hydroxyazobenzene was obtained (yield, 70%) by 
coupling benzenediazonium chloride with o-chlorophenol. It 
crystallised from aqueous alcohol in yellow prisms, m. p. 88 - 6 ® 
(Parmer and Hantzsch, jBer., 1899, 32, 3089, give m. p. 88 ®). 

3 -jBrowo- 4 -%rfroajyazo 6 en 2 ;e?ie. — Carefully purified o-bromophenol 
was coupled with the required quantity of diazotised aniline, the 
mixture being kept strongly alkaline to prevent precipitation of 
the hydrochloride of the azo-compound. When coupling was 
complete, the solution was cautiously neutralised by the addition 
during some hours of dilute acetic acid; rapid neutralisation pre- 
cipitated the azo-compound as an oil. The solid product crystal- 
lised from light petroleum in fine yellow needles, m. p. 80® ; yield, 
90% (Pound: Br, 28-7. Ci^H^ON^^Br requires Br, 28-9%). It 
gave a purple-brown crystalline hydrochloride, m. p. 169®. The 
acetyl derivative formed yellow-brown plates, m. p. 98® (Pound : 
Br, 24-9. Ci 4 Hii 02 N 2 Br requires Br, 26*1%), and the benzoyl 
derivative crystallised from aqueous alcohol in brown needles, 
m. p. 113® (Pound : Br, 21-0. 0 i 9 Hi 802 N‘ 2 Br requires Br, 21*0%). 

Z-IodoA-hydroosyazobenzene, prepared (yield, 86 %) by a method 
analogous to that described for the bromo-compound, crystal- 
lised from light petroleum as yellow flakes, m. p. 77 — 78®, darkening 
somewhat on exposure (Pound: I, 39*1. Ci 2 HgON 2 l requires 
I, 39*2%). It formed a blue-black hydrochloride, m. p, 172® 
(deoomp.); an aceiyl compound, crystallising in slender orange 
needles, m. p. 103 — 104® (Pound : I, 34*9. 
requires I, 34-7%); and a hemyyl derivative, orystalUsing from 
{doohol in pale orange needles, m. p. 105* (round: 1 , SO-l. 
requires I, 29*7%). 

S-CU^o-S-bromo-i-hydroxyazcAevaem. — (a) 3>C!Iiloro-4-liydroxy- 
azobenzene (1-5 g.) was dissolved in stable acetic acid (40 c.c.) and 
treated with a Solution of acetochloroamide ( 0*6 g.) in acetic acid 
(30 O.C.) to wbich bad been added potassium bromide (1*5 g.) in 
water (10 g.c.). The cM>ro&ronio>Gompound soon began to separate 
in fine orange needles, wbich cr;^tal]^ed from aqueous acetic acid 
in the sZm^^foiijitt, m. p. 126*6“. A further crop was obtained by 
dOi^EIg mixfere.with water; total yield, 1*6 g. (Found : Ag 
weigjht, 105*9. Oj^gONaCILBr requires 106*4%). 

( 6 ) A aciatarm of 6-bromo-4-hydroxyazobenzeEe (4*0 g.) in acetic 
ac^ ,^ 6 .oI>*-waB chlorinated . by the addition of a solution of 
BhdiloEamine-T (1*8 g.) in acetic acid (16 c.c.) and a few drops of 
dilute hydrochloric acid. Separation of the product commenced 
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immediately, and chlorination was complete in J hour. A further 
crop was obtained by diluting the solution with an equal volume of 
water; total yield, 3*5 g., m. p. 125°. A mixture with the sub- 
stance prepared by method (a) had m. p. 125*0°. 

The acetyl derivative crystallised from aqueous alcohol in orange- 
brown needles, m. p. 133*6° (Found : Ag halides /original weight, 
93*43. derivative 

from benzene and ligroin in orange prisms, m. p, 118*6° 
(Found: Ag halides/original weight, 79*12. CigHiaOgNgOLBr 
requires 79*75%). 

As a final proof of the constitution of the chlorobromo-y-hydroxy- 
azobenzene, specimens reduced with stannous chloride and hydro- 
chloric acid yielded 2-chloro-6-bromo-4-aaiiinophenol, m. p. 177° 
(decomp.), identical with the substance prepared as described on 
p. 2055. 

2-OMoro-6-6fomo-4-acetomidop)ienyZ ocetoZe crystallised from 
alcohol in fine white needles, m. p. 168*6° (Found : Ag halides/ 
original weight, 107*1. CioH^OgNClBr requires 107*9%), and 
2-c7d(Mro-6-bromO'4:~benzamidophenyl benzoate in white platelets, 
m. p. Ill — 112° (Found: Ag halides/original weight, 76:66. 
OgoHjsOaNClBr requires 76*81%). 

Si-CMoro-&4odoA’>hydrQxyazobenzene. — (a) The chlorination of 
5-iodo-4-hydroxya2jobenzene was conducted in the usual way in acetic 
acid solution^ dichloramine-T (1 equiv.) being used in the presence of 
a Jew, drops’? eit hydrodiforic acid. The product (yield, 60%) 
crystallised a -fee brown powder, tn. p. IIO^S"^ 
(Found : Cl, 9*6 ; 1, 36*6. i^uiresa, 9*9 ; 1, 36*4%). 

(6) 3-Chloro-4-hydroxyazobenzene (6 g.) dissolved in acetic 
(150 c.c.) was treated with a solution oi iodine chloride (1 niol.) 
generated by shaking together acetochloroamide (2*75 g.), finely 
powdered potassium iodide (4 g.), and acetic acid (100 c.c.). The 
mixture was warmed on the water-bath until the titre had fallen to 
one-quarter of the original value. The excess of iodine was removed 
by sodium sulphite, the bulk of the solvent distilled oflE under 
diminished pressure, and the residue diluted 'With water (100 o.c.). 
The product precipitated crystallised from ligroin in fine brown 
granules, m..p.. 110° ; yield, 5*3 g. 

A mixture of the two specimens melted at 110°, 3-OAZoro- 
5^iodo-i-aoetoxyazabe7me7ie crystallised from alcohol in fine orange- 
red needles, m. p. 124° (Found : Ag halides/original weight, 94*77, 
Ci4Hio 0^2^ requires 94*6%), and 3-cAZoro-6-todto-4-5ewzb^Zfl^- 
from benzene in orange prisms, m. p. 116° (F©^^;; 
Ag halides /original wei^, ^>04. 03^9H|2C^i72Cll 
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by tlw reduction of tib© above ohtoroiodo'p-bydisasyazobenzene with 
etaimous dUoiride, On removal of the tin from the resulting mix- 
tiwe, the less soluble S-cMwo-O-wdo-^ffiminop^BOl hydrocMoride 
(Pound ; Ag halides/original we^t, 170*2, OjHjONCnijHCl 
requiees 170*6%) sejMijated in white needles, from which the base 
was obtained by treatment with sodium Woarbonate in sil^ white 
prisms, m- p. 169’ (deeomp.). 

2-<MH^o-^-kdo-4!-Met(miiopJienyl aoetaie, m. p. 156® (Pound; 
Ag haMes/original weight, 106*7. Oi^HjOaNOlI requires 107*l®/o), 
and 2-(^llorO’Q4odo-4rbenzamidopJienyl benzoate, m. p. 167® (Pound ; 
Ag halhies/OTi^iiSl weight, 'a)*28. OgjiHigOgNClI requires 79*93%), 
crystallised from aqueous alcohol in needles. 

Z'-Brom-'S-iodO’irhydroxyazobenzene. — (a) 6-i[odo-4-hydroxyazo- 
benzene was treated with one equivalmit of the%»minating agent 
prepared by mixing the required quantities of aqueous potas^um 
bromide and an acetic acid solution of diohloi»iiSII9td?fi''^ 
halc^en soon disappeared, and dilation with water then ^ptwipitated 
the iwoTOowdo-compound, which crystallised fipom %coin in orar^- 
hrown needles^m. p, 128*6® (Pound : Br, 19*8 ; 1, 81*4. OigHjONgBrl 
requires Br, 19*0;, 1, 31*6%). ... ; 

(6) A solution of 3-bromo4-h3rditixyazohen«>ne was treated, in 
acet^ acid solution on the water^hath with iodiUe chloridje (i itiol.) 
prepared as h^ore, until the titre showed that one equivalent of 
iodinatingt agent had beeU used. Dilution of the solution with 
watmr, and oryriiaUisataon of the amorphous precipitate from alcohol, 
followed by ligroin, afforded an orange-brown, crystalline material, 
m. p. 128*5®. Mixed wilh the specimen obtained above, it melted 
at 128®. 


Z’Br(moi->5-iodo-4:-aceiox}/azobenzme crystallised from alcohol in 
sdhSii orangq needles, m, p. 127 — 128° (Pound : Ag halides /original 
wrlght^ -96^32;. .CuHioOaN 2 BrI requires 95*08%), and 3-6romo- 
6•HHfc-4^6e««oy^wyawo6e*^ in brown prisms, m. p. 86® (Pound : 
Ag halides/original weighty 82*58. Cj^laOalil^Brlrequir^ ^43%) . 
, %Bremo-<QTioio-4^amnopJienol . — ^Loss Of iodine restdted on boiling 
the.,abQye bromotodo-j^hydroxyaaohetetme with acdd stannous 
hut .smjooth sedactlm Was aohjfeved' by treatment of the 


azo-oompound with an acetic acid' ®>lhtMm of staamous chloride 
^s^ppsd by, passing: dry hydro^& ohloride into a mixture of tin 
Jmtfi the rin'Bad diffitolved. The aminophenol was 

(Pound i CSi, 10*06; 
a, 10*1; Bt, 22*8; 
Ihdhsfe was obtamed fay the aotiou of sodium 

Vi V i. ,. p, i8go 


>n 


lueons 
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alcohol in slender needles, m. p. 186® (Found : Ag halides /original 
weight, 105»9. CjoHgOaNBrI requires 106-3%), and 2-hroTOo. 
64odo4rbmzamidopJimyl b&nzoaU in plates, m. p. 148® (Found : 
Ag halides/original wei^t, 80-62. CaoHigOgNBrl requires 81-02%). 

Z : S-JX-iodo-i-hydroxyazobemene . — Attempts to prepare this 
compound by direct iodination of p-hydroxyazobmizene were not 
successful, oxidation as weU as iodination resulting. 

To a solution of 3-iodo-4-hydToiyazobenzene (see pi 2064) (4 g.) 
in acetic acid (66 c.c.) was added a solution of iodine chloride 
(1 mol.) prepared by miring together dichloramine-T (2 g.) in acetic 
acid (36 c.c.) and powdered potassium iodide (2-8 g.). The mixture 
was heated on the water-bath until the titre ^owed that one 
equivalent of iodinating agent had been used (6 minutes). The 
excess of iodine was then removed by aqueous so^um Sulphite, and 
the product precipitated by the addition of water (100 o.o.). ■ It 
crystallised from alcohol in brown needles, m. p. 128 — ^129® ; yield, 
3-1 g. (Found : I, 66-9. O 12 H 8 ON 2 I 2 requires I, 66-6%). 

3 : 5-IH-iodo4i:~CKeioxyembmzene crystallised from aqueous alcohol 
in orange-brown prisms, m. p. 182® (Found : I> 51-6. 
requires I, 61-6%), and 3 : 5-di-iodoA-bemoyhxyazobeneme- from 
acetic acid in fine, yellow needles, m. p. 137 — 139® (Found : I, 
46-1. 0i9Hi208N'2la requires I, 45-8%). 

■ ' • IhedftKiwm of Z i 5-di4odo4k-hydm!i^azobemem. Ckutious treat- 
ment ofite azd-iKtDapamidi with an acetie amd solution dE stannous 
ohloiideilRMlA arid«fiQ{Bded 2 rfi-dyodb'44UBcuno{dieml 

•]^lSr@QiiMSe$i&ui^^ tMssQhtained; l^ithe addition 

io£i^sitarated'eblKti(mc^ac(diinnhibat!h&u«t«; idtfqndaedlonssahtt^ 
Mdles, m. p. 173®, froin- akc&cd 
70-4%). Balford', Taft, and LaUkelBla -(^v Afken' 

1924, 46, 2061) give m. p. 169 — 171°. ' ’ 

3 : S-l)i4odo-&-aoekmidoph&iyl acetaie forms silhy, white needles, 
m. p, 209°, from* alcohol (Found: I, 57-0. Gi 8 H 90 ^Nl 2 - requires 
I,67'l%)v • 


(grateful acknowledgment is made to Dr. S. Sugden for.^.^t pf 
o-iodonitrobenzene, to the Department of Scientific and Industrial 
Eeaearch for a grant which enabled one of the authors (R. S. B.) to 
take part in the work, and e^ecaa^y to Professor K J. P. O^on, 
F.R.S., fifties he has provided and for the.interesji he Jhw 
ahown tboroughout-the course of the wewk set forili.in tips and.ll)? 
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CCLXIX . — The Beaction between Acetylene cmd 
Sulphur at Temperatures up to 660°. 

By JoiECN Bitttbby Peel and Peecy LtroooK Robinson. 

Meyee and Sandmbyee (JBer., 1883, 16, 2176) obtained material, 
regarded as thiophen and giving the indoj^henin reaction, by heating 
sulphur in acetylene, but it is not stated that the substance was 
isolated. Capelle {Bvll Soc. cUm., 1908, 4, 160) and de Oeninck 
Acad. roy. Belg., 1908, 306) state that only carbon disulphide, 
thiophten, and a material with a garlic-like odour is present. Recent 
work (Briscoe and Peel, this voL, p. 1741) has indicated that thiophen 
is probably produced, and this work sought to determine roughly 
the composition of the liquid condensed at laboratory temperatures. 
The main reaction appears to yield carbon disulphide and hydrogen 
sulphide, but 77% of the sulphur at most is in the condensate, the 
rest probably converting the acetylene into carbon and hydrogen 
sulphide. Small quantities of thiophen and thiophten are formed 
at all the temperatures employed, 600® being the optimum, but 
benzene and naphthalene are entirely absent. 

ExPBEIMENT AL. 1^; 

Prdiminary . — Sulphur was heated in an ordinary distillation- 
j0[ask, clampi^ horizontally, at the centre of which acetylene was 
delivered, and the products were passed through the side-limb into 
a bottle cooled in water and fitted with a reflux condenser. The 
phenomena observed were similar to those noted by Capelle (loc. 
cit .) : the reaction, initiated by a dense yellow flame which deposited 
carbon, appeared to take place between the Vapour and th€> g ay t ct -ar - 
temperature below the boiling point of sulphur; later, when there 
was a sufficiently constant supply of vapour, the acetylene burned 
steadily. The brown oily liquid from several runs was distilled 
through a spiral column until no further distillate could be obtained 
at 160®. The boiling point of the distillate gradually rose to a 
m a ximu m of about 68®. The residue was distilled und^ reduced 
prestee and gave an orange liquid, b, p. 110— 116® /20 mm., which 
on redistillation at the ordinary pressure gave a liquid, b, p. 210 — 
220®, with the reactions of thiophten. The lighter fraction, when 
tluough a bead-filled column 4 feet long, yielded a large 
disulphide, b. p. 46*7®, and a fraction, 
to 6%, b. p. 84*0®/760-6 mm. This proved to be 
indophenin and other reactions characteristic 
of that sumi^ 0,57-1; H, 4-6. Calc.: 0,67-1; H, 

4-8%). The carboh disulphide contained a trace of material with a 
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garlic-like odour wliicli even the careful fractionation employed 
failed to isolate. 

Addition of 5% of iron or 1% of iodine to the sulphur had little 
effect on the course of the reaction, the proportion of thiophen in 
the lighter fractions being 6% and 6% respectively. 

In order to ascertain the lowest temperature at which the reaction 
began, the flask was surrounded by a double-walled air-bath, closed 
at the top with asbestos board, carrying a thermometer, and suit- 
ably cut for the neck of the flask. Ignition invariably took place at 
275®, but after the first flash, if the temperature continued to be 
raised, no further flame formation took place even up to 326®. If, 
however, the flask were cooled below 276® and again raised above that 
point, flashing was once more observed. Below 300® the rate of 
reaction was inconveniently slow. 

Reaction at about 325®. — ^Acetylene was led below the surface of the 
molten sulphur, the object being to obtain material at the lowest 
temperature (326® ± 6®) at which there was a reasonable rate of 
reaction. About 38% of the sulphur was converted into a brown 
oil which yielded CS^ 77%, O4H4S 9%, 6%. 

Reaction at about 500®. — ^A convenient apparatus consisted of a 
Pyrex tube 22'' X 1*6" heated to the required temperature in a 
cylindrical electric furnace 12" long. The closed end of the tube 
which protruded 5" from the fixrnace was charged with 60 g, of 
sulphur and a rapid stream of acetylene was delivered about the 
centre of the heated zone. About 74% of the sulphur was converted 
into a brown oil containing CSg 77%, C4H4S 12%, O0H4S2 6%. 

Reaction at about 660®. — ^It waa clear that a defispute change had 
taken place in the course of the reaction :at thds temperate, 
resulting in the production of more carbon which caused constant 
trouble by choking the end of the tube delivering acetylene. About 
77% of sulphur was converted into a liquid containing CS2 83%, 
C4H4S 6%, 0eH4Sa 3%. 

Previous determinations of the density (Schiff, Ber., 1886, 18, 
1601) and surface tension of thiophen are somewhat old, and these 
properties have been redetermined on the material (analysed above) 
after three further fractionations, glass pyknometers of about 10 
c.e. capacity and a pair of carefully calibrated capillary tubes being 
used; <^’ = 1*0616 and y = 32*58 at 20®. These data give a 
molecular parachOT of 189*0, from which may be deduced the para- 
chor of sulphur, 46*5 (value for double bond = 23*2, C = 4*8, 
H = 17*1, five-membered ring = 8-6).* This is in close agrement 
with the mean value, 46*3, derived from the data for carbcnrHdi^; 
sulphide {Ramsay and Shields, J., 1893, 63, 1089 ; 

Thomssen, J. Arner, OheM. Soc.^ 1911, 33, 667 ; Batkins, 
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BoWte, idid,, 1920, 42, 70Q) but diffwa appsredably from the value 
60-7 obtained with ethyl mercaptan (Morgan and Ohazal, ibid., 1913, 
35. 1821). 

The authors desire to thank Mr. H. Smith for assistance in the 
experimental work, and to acknowledge a grant from the Besearch 
Fund Cioinmittee of .Armstrong Colli^ enabling one of them 
(J. B. P.) to take part in this work. 

tTsrrsBsixr or Dvsbax, Abustbonu Coixbok, 

JJxwoASEUi-OTOBr-TvOTi. [JBefiefwtf, April 10tA, 1928.) 


CCLXX . — Derivatives of r^^Indoxyh'^ixoGjolo'hexane. 

By Eaymond Ijvingston Betts and Svdnby Qlbnk Preston 

Plant. • -.*{1!.!! 

It has recently been ^own that ^-indoxylapirocycilchexane (I) and 
^-indoxylapifoeyeZopentane (11)', although having many reactions in 
common, differ in some respects (Betts, Muspratt, and Plant, J., 
1927, 1810),' and it became clear that a study of sonie of the defiy- 
aii^ of theifhrfner would be interesting. methods similair tb 
those ttsed in the synthesis of (I) we ha'?‘b now prepared lO-mctXyl-, 



>^ 00 v XHa-CHa 
X/NNH/MlHj-CHa 


(n.) 


8-meikyl-, 4r-7neihyl~, and 8 : 10-dimethyl-i^-indoxylspaocj6lohemne, 
and have examined their reactions. The compounds (I) and (II) 
are each nitrated, even by dilute nitric acid, with remarhE>ble ease 
to g^ve a nitro'derivative, whick, in the case of (I), is believed to be 
JO-t^M^i-iBdo^lspiroeyeZohexane. The methyl derivatives here 
d^Kiribed can all be nitrated with dilute nitric acid: the 
aitrc>-eem.pounds form characteristic sodium derivatives in 


■a^uedus^sodium hydroxide which are only i^ringly soluble in cold 
wator. . The positions occupied by these nitro-grotips are uncertain, 
hat it- Seems probaWe that the 10-position is taken if possible, and 


if ike forihm it not vacant. ■ Attempts were made to reduce 
id'iSome of these componnidb with a view ultimately 
sabSiuttienttd giv^d sulstance which might 


isplatkan-df' the coireeponding amino- 


compotaidsrfakS'^SKfft iaStiixliiBk^ktialtout. There can, however, be 


little doubt thtftsSieisSEftitecl-groi^a are in the benzenoid part of the 
moleeule, and this' view' is Salpported by the fact that the reactions 
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of these compounds, especially with aqueous sodium hydroxide, 
are similar to those of l-nitro- and S-nitro-tetrahydroacridone 
(Perkin and Sedgwick, J,, 1924, 125, 2438). 

Although 10-methyl- and 4-methyl-0-iiidoxylspirocycZohexane 
can be readily converted by acetic anhydride into the corresponding 

7- acei2/Z compounds, acetylation of the 8-methyl and 8 : 10-dimethyl 
derivatives by this reagent is much more difficult and requires the 
presence of a little concentrated sulphuric acid. This reluctance 
can he ascribed to the sterio effect of the methyl group in the 

8- position. 

The alkylated 1-anilmocycZohexane-l-carboxylic ' acids, from 
which the ^-iadoxylspiroc^cZohexane derivatives described in this 
paper were obtained by fusion with potassium hydroxide, all 
dissociate, on distillation, to yield the correspondhig alkylated 
aniline and A^-c^/otohexene-l -carboxylic acid, or, in the case 'of 
l.a;mZiw.o-4-mfi;fAyZoycloA6a:a%e-l-car6oa;yZic acid, aniline and A^tetra- 
hydro-p-toluic acid. This behaviour is similar to that of 1 -aniline- 
o^cZohexane-l-carboxylic acid itself, but differs completely from that 
of the analogous l-anilinoci/cZopentane-l-carboxylic acid (Plant and 
Facer, J,, 1926, 127, 2037). 

EXFBBIMUlSrTAL. 

. * 10-JfcS^Z-^i»d(?:»2dspirocycloft6ajawe. — When a cooled solution 
of wdlx^^hexanoixe (20 g.) in glacial acetic acid 

(100 ^ohi^l^ated' aqueoAs solutibn oS 




iMtsSls, m. p. A solixfcioa of this 
solphurie acid (40 c.c.) was kept for 2 d^Th at iddia 
then poured on ice and made alkaline with ammonia ; l-p'-fo^idtno-' 
o]mloAea!ana4-<»»‘toa!^amufe separated quantitatively. It crystal- 
lised from alcohol in colourless prisms, m; p. 156°. A mixture of 
the amide (5 g.) and conoeotrated hyc^ohjbiio aeid (100 ^.o.)- was 
boiled under reflux for 8 hours add tibien evaporated to dryness. 
The residue was treated with hot aqueoxm sodium hydrox3d(r(S%), 
the solution was flitted, and then.aoidifled gbeial acetic acid. 
l-p-To2!a«diflooyclo^saxine-i-cartoyltc aeid separated i& -good yield 
and was obtained from dilute alcohol in colourless needles, m: p. 
172° (Found: N, 5'8. requires N, 6'0%). When the 

liquid obtained by distilling this acid JEroin a distillation fl^ fms 
treated with an excess' of dilate hydrohblbric acid, A^-c^rc&heseii^ 
l-oarboxylic acid, m. p. 29—31°, remaihed undissolved; 
solution, on the addition of ammonia, yi^ed p-toluidine, 

A mixture of l-p-tdnidiniOt^clohexaBe-l'Oaibo3!yMb a^ 
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and potassium hydroxide (66 g.) was heated at 350 — 360® for hour, 
allowed to cool, and then treated with an excess of water. The 
insoluble residue was dried over sulphuric acid in a desiccator and 
distilled, and the distillate crystallised from petroleum ; IQ-meikyl- 
^indoxyjspvcoojolohexane was obtained in colourless prisms, m. p. 
164° (Found : N, 6-4. requires N, 6*6%). On boiling 

its solution in an excess of acetic anhydride for an hour and shaking 
the cooled product with water, 7-ace<yZ-10-met%Z-^-iJMZoa!j^Zspiro- 
cyolo%exane was obtained ; it crystallised from methyl alcohol in 
colourless prisms, m. p. 144° (Found : C, 74-6 ; H, 7-6. 
reqTiires 0, 74>7; H, 74%). This acetyl derivative is readily 
hydrolysed to the parent substance by boiling its solution in aqueous- 
alcoholic potassium hydroxide. 

When a mixture of lO-methyl-^-indoxylspirocycfchexane (2 g.), 
water (40 o.o.), and nitric acid (10 c.c. of d 14) was boiled for 4 
minutes, the solid gradually melted and a red oil appeared. !Ilie 
solution became yeUow and, on cooling, the product appeared as a 
yellow solid. It was crystallised from alcohol, from which ( i)8-mtro~ 
10-me<%'yl4-indo2Ej/Zspirooyolo%e!Kame8eparatedinyellow prisms, m. p. 
168° (Found : N, 10-8. CuHigOgNa requires N, 10-8%). 

8-Me&iyl-4-indoxylspiioojQ]oJ^ — ^The preparation of this 

substance followed the course outlined above for the 10-methyl 
derivative. l‘ 0 -TdvMim-l-(^an(mjdlohemne separated from 
alcohol in colourless prisms, m. p. 72°, and l-o-toluidinaojolohexane- 
l-oarboxyemide from dilute alcohol in colourless prisms, m. p. 143°. 
It was found advantageous to boil the solution of crude 1-o-toluidino- 
ojoloJiexam-l-carboxylic acidin very diluteaqueoussodiumhydroxide 
for ^ hour with charcoal and then to acidify the filtered solution 
gradually by adding dilute acetic acid with constant stirring. The 
acid separated from dilute alcohol in colourless prisms, m. p. 117° 
(Found : N, 6-0. CigHigOglT requires N, 6*0%), and, on distillation, 
it dissociated into o-toluidine, identified as aceto-o-toluidide, and 
Ai-cj^hexeme-l-oarboxylic acid. S-JfeifeyZ-vf'-^JMiory&pitooyolo- 
hexane was obtained from petroleum in colourless prisms, m. p. 197°. 
On boiling its solution in acetic anhydride, containing a few drops of 
concentrated sulphuric acid, for several hours and shaking the 
product with water, ^~aceiyU8me0t/yl^^^imdoaylBpbx)c^ydo1l&eme was 
obtained as an oily mass, which solidified on being rubbed with 
b^ng distilled tmder reduced pressure, the solid 
e;R^E#iiKsed friStt ^e&yl ^cohol in colourless prisms, m. p. 226° 
g.^. , requires N, 64%). ( ?)10-jyt«ro- 

$<KM£^|j-i^MM$Aa3^q)itooyolo%eaxx7i6 can be obtained by boiling 
S-methyl-^indoxylspiro^ciohexane with dilute nitric acid, but a 
more convenient method is to dissolve the substance in cold, con- 
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oentrated nitric acid and, after 6 minutes, dilute the solution with 
water. It separates from alcohol in pale yellow prisms, m. p. 
273—274" (Found : N, 10-7. requires N, 10-8%). 

8 : 10 - 2 >imei%Z-^-iwdoajj/fepirocycloAea:awe. — ^By methods similar 
to those described for the 8 -methyl derivative the following products 
were isolated: 1-2' li'-Dirnethylanilim-hcyanooyGloJiemne from 
alcohol in colourless prisms, m. p. 115 — 116°, 1-2' : 4:' -dimethyl- 
aniliiwQjQloTi^mne-l-carboxyamide from dilute alcohol in colourless 
prisms, m. p. 133°, 1-2' : 4:'-dimethylanilimojQlohem7ie-l-carboxylic 
acid . (which dissociated into 2 : 4 -dimethylaniline and A^-c^cfo- 
hexene-l-carboxylic acid on distillation) from dilute alcohol in 
colourless prisms, m. p. 126° (Found : N, 6-7. O 15 H 21 O 2 N requires 
N, 6-7%), 8 : 10-dimethyl-it-iridoxyhpkoojclohemne from petroleum 
in colourless prisms, m. p. 190°, -acetyl-8 : IQ-dirmthyl-rjt-indoocyl- 
spirocycloAeajaTis from methyl alcohol in colourless plates, m. p. 
96° (Found: N, 6 * 2 . C 17 H 21 O 2 N requires N, 6-2%). a 

mixture of 8 : lO-dimethyl-^-indoxylspiroci/cZohexane and dilute 
nitric acid was boiled for \ hour, a monomiro-derivative was pro- 
duced and this separated from alcohol in pale yellow prisms, m. p. 
183 — 184° (decomp.) (Found : N, 9*9. Ci 5 Hi 303 N 2 requires 
N, lO- 20 /o). 

4 -jSfeZA 2 /Z- 0 -imZoa;j/&pirocycloil 6 a:ane. — ^From 4 -methylc 2 /cZohexan- 
one and aniline by methods similar to those described under 10 - 
methyln^i^qpsyl^^ocyotohexane the following substances were 
obtained : from dilute alcohol 

in colourless needles, m. p. 107°, l-anilino-4-methylcyclohexane- 
1 -mrboxyamide from alcohol in odourless pri^Ens,mvp. 161°, l-amlino- 
4-methylcjclohexane-l-caTioxylic acid fronl dilute dcohol in*c^ 66 lcdy 
less prisms, m. p. 179° (Found : N, 6 - 2 . OJ 4 H 19 O 2 N’ requires N, 
6*0%), 4-methyl-^-mdoxyl8ph:ooyolohexane from petroleum in colour- 
less plates, m. p. 189° (Found:* N, 6 - 6 . requires N, 

6 - 6 %), 7-acefyl-4-methyl-ifi-indoxylapirocyclohexane from methyl 
alcohol in colourless prisms, m.p. 102^y( i)10-nitro-4-methyl-^-indoxyl- 
spirocyclohexane from dilute alcohol in pale yellow prisms, m. p, 
198° (Found: N, 10-9. C 14 H 13 O 2 N 2 requires N, 10-8%), and 
( ?)10-mtro-4 : 7-dimethyl-tfi-i7uioxyl8piiooyGlohexane from dilute 
alcohol in pale yellow prisms, m. p. 141° (Found : N, 10-3. 
OigHisQ^^ requires N, 10-2%). The mixture obtained by distilling 
l-aniiino-4-me^y%oZohexane-l-carboxylic acid, on treatment with 
dilute, hydrochloric acid, yielded a solid which was readily sojjibte 
in. aqueous soditun carbonate. This is clearly identical witMlI^., 
A^-tetrahydro-jr-toluic acid of Einhom and Willstatter ^ 
1894, 280 , 163) and of ^d piekles (J,, 1906, f 
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184“ (I’onnd: 0, 68-1; H, 8-4. Oalo. : 0, 68-8; H, 8-6%). The 
hydrochlOTio acid solution yielded aniline, identified as acetanilide, 
on being made alkaline 'with ammonia. 

l-^AminomilinoQj^Ti&mne-l-earboxyli6 Acid . — mixture of 
j)-nitroaniline (14 g.), cyclohexanone (12 g.), glacial acetic acid 
(200 O.C.), and potassium cyanide (10 g. in concentrated aqueous 
solution) -was kept at 40-^5“ for 2 days, and then poured into dilute 
hydro<d)lorio acid. l-jp-NitrmnUmoA-cyoMmjolohemne, which 
separated, was obtained from alcohol in pale yellow prisms, m. p. 
134® (Found : N, 17*2. 0i3Hi502N’3 requires N", 17'1%), and was 
hydrolysed in the usual "way to l-'p-mtroanUinooyoloh&am6‘l-carb~ 
oasyamide, isolated from alcohol in yellow prisms, m. p. 217® (Found : 
N, 16'0. Cx 3 Hi,j 03N3 requires N, 16-0%), and then to l-p-m'<ro- 
aniUnoojolohexane-l-carboxylic acid, which separated from dilute 
alcohol in yellow plates, m. p. 201° (Found : N, 10-3. OuHxgOiNj 
requires N, 10-6%). The acid (3 g.), dissolved in dilute aqueous 
ammonia, was added to a mixture of fetroue sulphate (28 g. in 
concentrated aqueous solution) and ammonia (25 c.c. of d 0*880) at 
90—95°, and, after bdng shaken at that tempestatuee for | hour, 
thftisqlution tnas dMqted and just neutralked with acttih a<lidi 
The l-p-OMinoauilinocyclohexaTie-l-carboxylic acid which 
was (dUltmM'lmm aqoeo pyridine in colotUless needles, m. p. 
24e--4I17® :(»^^; 12-0. requires N, 12-0%). 

The/ammo^se^ decomposed completely on heating with potassium 
hyflrobdde idone or admixed with sodium ethoxide. 

' One of the authors (R. L. B.) wishes to thank the Imperial Order 
of the Daughters of the Empire (Canada) for a scholarship which 
^Balded him to take part in tbia research. 

•fisi praittr PkEBtifs LanoBAXOsXr 

OXroBD. [Beeemd, June S(h, 1928.1 


0CLXXI.--n« Hydrolysis of OmnUine Carbomte. 

* ' n ' f ! i • 

.- ..I • By JAiuns Bmju 

Tnd l^drsd^ ef-gaaaJ^ io. aqueous solution (Bell, J., 1926, 

: CSNgHj + H3O *= 00N3H;4 + 
bh boiling, but some of it is dScompbsed 
siiiK^I^ aBotltee solution owing to ihe dissociation of urea 
ter^Swaaionia.ttad bs'byo add at the high temperature (Werner, J., 
iWB, 143, 84^. TSte cyanic acid is then fixed as guanidlnft <^ajuLte, 
which is in tarn hydrolysed to guanidine carbonats. The prspais 
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ation of guamdine cyanate and a detailed exazninatiozi of its 
hydrolysis mil be dealt mth in a future oommunioation. 

It is now shown that guamdine carbonate, when heated in aqueous 
solution to 100°, undergoes similar changes, due to its dissociation 
into the free base and oarbonic aoid and hydrolysis of the former* 
A 2F/10-aqueous solution was unchanged after remaining for 10 
weeks at room temperature. When it was boiled under reflux, 
hydrolysis took place to an appreciable extent ; urea was first formed 
(1) and then deoompositioil to ammonium carbonate took place to a 
lesser degree (2). 

(CN3H5)2,H2C»3 + 2H20-2C0NA + (^^ (1) . 

CON3H4 + 2H2O = (NH4)3C03 .... (2) 

Uo cyanate could be detected among the products of this 
hydrolysis, even by the deHoate copper pyridine test (Werner^ ,J., 
1923, 123, 2677). In this respect, the hydrolysis differed from that 
of free guanidine, where guanidine cyanate accumulated to a con- 
siderable degree. However, it was shown (BeU, foe. ciA) that 
guamdine cyanate is also decomposed on further boiling, and since 
this salt would be formed at a much slower rate in the hydrolysis of 
the carbonate, its accumulation would be prevented by the fact that 
its rate of decomposition exceeds that of its formation. 

The residts in Table I were obtained after boiling a JJT/lO-aqueous 
solution of ghafudine carbonate under reflux for various times. 


V) ,v 




Urea present 

Urea converted into * ... 

Guanidine carbonate unengaged . . , 


Total (%) 



* Estimated as percentage of original guanidine carbonate in accordance 
with equatiozxs (1) and (2)« 


The rate of hydrolysis diminishee vefy much after 3 hburs’ 
boiling and the reaction ajq^ars to stop after 12 hours. Tbis 
retardation is due to the accumulatidn of amrnohium Oarbonate in 
the solttibbi (see Table 11). 

Tabi^b II. ’ 


Uiea present 




Guatddineoerbenate 

To^bX(%) ..Ml a i 4. 


Expt. I. 

11*3 
62*7 . 


Bxpt. II. 
6*6 

r . 100*3^1. ir 
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Ill Experiment I an JN^/lO-solution of guanidine carbonate was 
boiled for 3 hours under reflux. In Experiment II an N /10-solution 
of guanidine carbonate, to which ammonium carbonate equivalent 
to 5*2 c,c. of ^-acid per 100 c.c. of solution had been "added, was 
treated in the same way. In Experiment III an N /10-solution of 
guanidine carbonate was boiled in an open flask for the same length 
of time, the volume being maintained constant by the addition of 
water to replace the loss due to evaporation. Under these condi- 
tions, ammonium carbonate volatilised as it was formed. The 
results of Experiment II show that the presence of ammonium 
carbonate checks the rate of hydrolysis very considerably, and in 
Experiment III, where the ammonium carbonate was allowed to 
escape, the change was much greater than in Experiment I. 

Ammonium carbonate in solution dissociates into ammonia and 
carbonic acid and would therefore diminish the dissociation of 
guanidine carbonate into free guanidine and carbonic acid. This 
suggests that the hydrolysis of guanidine carbonate in aqueous 
solution is due to its dissociation into free guanidine and carbonic 
acid, the free base being hydrolysed m the manner already described. 
Salts of guanidine, such as the chloride, which undergo no such 
di^ociation in aqueous solution, remain unchanged on boi|mgt 
The ready hydrolysis of guanidine c^bonate should not be 
Iboked in the use of this substance in the preparation of standard 
add soluiaons. 

Expebime^sttal. 

In each experiment involving boiling, 100 c.c. of solution were 
used. Ten minutes were required to raise the solution to the 
boiling point and the burner was always adjusted to secure quiet 
ebullition only. 

Urea was estimated by tbe xanthhydrol method (Eosse, Oompt* 
rend.y 1913, 157, 948). Ajx aliquot part of the liquid was neutralised 
and evaporated to dryness, and the residue extracted with glacial 
acetic acid to which one-fourth ite volume of water had been added. 
An excess of xanthhydrol, dissolved in methyl alcohol, was then 
added and after 12 hours the precipitate of dtxanthylurea was 
collected, washed with alcohol, dried, and weighed. A small 
correction was applied for the slight solubility of dixanthylurea in 
the mixture of acetic acid, water, and methyl alcohol, the value of 
tins coerecMon being determined in preliminary control experiments. 

Tte amount of utea converted into ammonium carbonate was 
deteamimed by the increase in alkalinity after bofling, equation (2) 
repnasenting the only reaction producing such an increase. This 
necessitated the estimation, by absorption in a measured volume of 
standard acid, of any ammonia which escaped through the reflux 
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condenser. In Experiment HE, however, where this procedure was 
not possible, the change had to be estimated by difference. 

Unchanged guanidine carbonate was estimated by wanning gently 
an aliquot portion of the liquid until aU ammonium carbonate was 
driven off, and then titrating the residue with standard acid. 
Control experiments showed that guanidine carbonate underwent 
no change during this procedure. 

The author gratefully acknowledges his indebtedness to Professor 
E. A. Werner for advice received. 

School op PHYSiOLodY, Tbinity Collboe, 

Dublin. Ifieceivedt June 4dh, 1928.] 

CCLXXII . — StyryVpyryUum Salts. Part X. Anh/ydro- 
pyrylium Bases and sprioPyrans derived from 
Dibenzyl Ketone. 

By BtObebt Dioeinsok, Isiboe Mobsis Heilbeob, and 
Floebnob O’Bbibn. 

Ik Part IX of tliis series (Dickinson and Heilbron, J., 1927, 1699) 
mention was made of two compounds obtained by tbe condensation 
of dibenzyl ketone with 2-naphthol-l-aldehyde. A full investig- 
ation of the^ together with those obtained from salicyl- 

ald^yde ssfhe keione, hae now been made. Dilthey and 

Whbken. (Ber., 19^6, 6^, 96S) have aI$o recently prepared the 
compbnnds obtained from naphtholaldehyde, wit^iout, however, 
studying the reactions in detail. > ' 

In the presence of piperidine, salicylaldehyde and dibenzyl 
ketone readily condense to give ,2-hy^oxy-a-phen^lsiyryl benzyl 
Ik^one, HO'OgHj’CHICPh'CO’OTyPh (I), the constitution of which 
has been confirmed by the preparation of its semicarbazone and its 
methyl ether. 

Hertzka (Monatsh., 1905, 26, 227) has previously attempted the 
condensation by hydrogen chloride, but failed to obtain any crystal- 
line product. We now find this condensation to be abnormal in 
that pyryliuip salts are only formed with difi&culty and are not 
capable of isolation, as the chlorides. From the reaction mixture 
two crystalline compounds have been obtained. One of thepe 
(m. p. 115°) gives analyses in agreement with the formula C^EC^gO 
and hence is formed according to the e “ ' 

. HO-0*H4<HO -f (CHaPh)200 = 

Probably ibe labile pytj^anofeMcMdb 
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base fCI), wWeb then loses water, yielding i-bpixyUdem-Z-plienyl- 
A^-bmzopyran (Ht). 


(H.) 



•CHgPh 


/^^Ph 


(HI.) 



This view is supported by its ready formation by the action of 
hydrogen chloride on 2 -hydroxy-a-phenylstyi^l benzyl ketone (I). 

The other substance isolated together with (III), but only obtained 
in small amount, is 3 ; 3 ^-diphenyMiAenzo^iropymn (IV),, It 

Ph Ph /\ 

X!H=(S. Js=OK. 

-oXo-^ xxjap, 

is readily obtained as the sole product by (a) oondensh^ two 
moleffflli^s of wsithiene el^daberiatyl (b) from 

an eqtumolecnlar mixtipe -pf« ^dipyl«dd^yde and 2 -hydrozy> 
«,-p|l^yJ|tecyJ benzyi; hstpne (I), or (c^jErom lihe hn^t^l^peraran 
(IBiy ah^ «^cyla]^$iy^,^ jjit l;>y tie adtion Of hy*(iro^ett ot®^. 
We have ^n imalble iio isolate ti^e corresponding styTylpyryliimS! 

whidi is undoubted^ present in the solution as evidenced 
by tfre intense purplish-red colour which develops on standing. ^huS 
mbenzyl ketone to a certain extent resembles dipropyl ketone which, 
according to Decker and PelJenberg (Annaien, 1909, 364, SO), 
fields diethyl^iropyran when condensed vrith ^lioylaldehyde, 
althoT^ the pyiyliuin salt may alsq be qbta^dl Other examples 
^ S ':'|t-^^|^enyl-A*-pentenope and !2-hKiaihpne)' ’ of which 
sal^laldehyde and vrfth 2-i)ia^tii<d-i-aid4h3^e to 
g|.ve spira^tii/Da dkectly (Buheihhnn and 1913, 103, SSt). 

llhe odn^nsation of dibenzyi ketono'Tvith £naphthol-l-aldehyde 
a^noipial. These amTO unds in equivalent proportion, 
1 ^th Ipipep^e, ^ peld the anticipated unsatur- 

tc (I)i2-beh^IideJie-8-phenyl-A*-p-paph1ha- 


alone ]toi;i% isolated. It thus appears that the naphtht^- 
nudeu^ 1^'a nrofdund influence on the reaction, facilitating 
“ ■ ' ' enolio form of the' unsaturated ketone. 

ap ihain product when hydrogen chloride 
tS’^poysa liiSS l^ {|^ l^n pr^aorcd by Dilthey and Wflbkeh 
{loe. tit.) by boUiog w tcH^l^'p^iylium perchlorate with alcohol. 

In the above tOid condeii^tion a small quantity of 3 : 3'-di- 
pbe»yldi-p-naphthsapiropyran (VI) is also formed- It is obtained 


WJ 
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in better ^ield by treatment of a mixture of dibenzyl ketone and 
two moleonles of naphtholaldehyde with hydrogen chloride, although 
the benzyliden^yran is still formed to some extent. As crystallised 



from acetone (Dickiason and Heilbron, 7oc. cit.) it gave the analytical 
r^ults of a mmobydroie and was not at first recognised as a s^ro- 
pyran. We have since obtained the anhydrous ^ropyran, which 
agrees in properties with that prepared by Ifilthey and Wuhben 
(Zoc. <M.), who employed a similar method. 

spiroPyroraa avd lomaatim. — ^Erom a further study of oertsin 
apiropyrans, Dilthey and Wfibken (loo, dt.) draw a parallel between 
the ease with which these undergo salt formation in the presence 
of acids (forming styiylpyrylium salts) and the ease with which they 
change colour on heating in inert solvents. They regard the two 
changes as analogous. Their arguments are based, however, 
almost entirely on the behaviour of 3 : 3'-trimethylenedi-^.naphtha. 
spiropyran. Although, as shown in Part IX, this compound gives 
mo colour in xylene, Dilthey and Wiibken find that if it is heated 
to a sufficiently high temperature (e.g., m diphenyl ether, b. p, 260“) 
a faint colour is developed. The compound dissolves in glacial 
acetic acid to a colourless solution (no salt formation), whereas in 

is violet. : > . • 

.Droi!| the sdwvso'pcSwtiifif view, w® have; s^ain oxSamined.the 
bdiavibur of the two oon6HM»d8 3^-,,ttn4 S^wethylhcwsso-f-naphtha; 
Spm^yrans (VU and VIII), • . , 

(Vn.) 


(vin.) 



The former, heated in diphenyl ether, undergoes no colour change, 
whm!f^..i(¥iiP) develops the usual wme>red colour. On the other 
band* ho& dis«K]l;^ in ^kiioial acetio add with salt formation to giye 


rpflgeotively brigdrfi red wwi pi^lish-hlue solutions strictly analp^ill^ 
in. eqkm to the ;c»xmi^ndmg siyiylpyrylium ohloride solijdag^ 
fudged from the iutensity of the colour, the extent of salti oag^y ^E 
appeam. to he cd the pame ordsr of ms^tude 
Dilthey Wlibkpt’s; 
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colours in diphenyl ether. Their failure to do so shows that the 
case of formation of the ionic anhydro-base is not strictly com- 
parable with salt formation. We still regard the power to “ chelate ” 
as the main factor in the production of the ionised molecule, but 
certainly do not dispute the possibility of ionisation effects in its 
absence. Generally, however, the process will require much more 
drastic energy conations. 

Exfbbimbktal. 

2-Hyd^c>xy-a-phen/yl8fyryl Bmzyl Ketone (I). — solution of di- 
benzyl ketone (20 g.) and salioylaldehyde (11*6 g.) in alcohol (30 c.c.) 
was treated with piperidine (26 drops). The yellowish-orange 
solution was kept at room temperature, a few drops of piperidine 
being periodically added, until crystallisation commenced. In sub- 
sequent preparations the time of reaction was considerably reduced 
by seeding the mixture. Several successive crops were obtained 
(total yidd, 18 g.). The compound was reorystallised four times 
from methyl alcohol and fcnmed pale yellow, rhombic crystals, 
m. p. 177®. Treated with dilute aqueous sodium hydroxide, the 
crystals are coloured orai^-red, and a ranaS-poi^tlon dissolves to 
dn orange solution. The compound is sdu^ ih-'odtabeu^ted 
su^hurio acid to orange-red solution'. Although it decdlSfSliS 
no £bidtnide couM be i^lated (Found : C, 84'3 ; E, 6-9. 
*^«ires C, 844 ; H, 5'7%). 

The muMmhazom, prepared in the usual way, crystallised from 
alcohol in faintly yellow, glistening, rhombic plates, m. p. 196® 
(Found : N, 114. C^gHgiOaNa requires N, lI-2%). 

2-M^hoxy-a-phenyls^/ryl benzyl ketone was readily prepared in 
good yield by treating an aqueous acetone solution of 2-hydroxy- 
o-phenylstyryl benzyl ketone with alternate small amounts of 
aqueous sodium hydroxide and methyl sulphate, the mixture being 
maintained at about 60° and continuously shaken, imtil no further 
orange colour developed with more alkali. After dilution with 
water, the separated solid was crystallised first from alcohol nutT 
then from acetone by addition of water, forming faintly yellow 
needles, m. p. 140 — 141® (Found: C, 844; H, 6-2. O 28 H 20 O 2 
requires 0, 84’1; H, 64%). 

2-Bemylidene-2-yhe7iyl‘A^-b€nzopyrcm (III).— A solution of an 
oq^myetudar mixture of dibenzyl ketone (6 g.) and salioylaldehyde 
a^ihol (60 o.c.) was cooled in a freezing mixture and 
treated with a diow stream of dry hydrogen chloride xmtil saturated ; 
the colour (Ranged from yellow to dark reddish-brown. After 
standing over-night at 0®, the mixture was poured into water and 
treated with aqueous sodium carbonate until faintly allrflliTiA The 
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resulting brown grecipitate was dried and crystallised first from 
ether and then twice from alcohol, the pyran separating in glistening 
golden-yellow needles, m. p. 115® (yield, 5^5 g.). The ethereal 
mother-liquor yielded a small amount (0-5 g.) of the 5 ^)iyopyran. 

The benzylidene-pyran is insoluble in water and alkali, sparingly 
soluble in cold alcohol, readily in hot, and dissolves in concentrated 
sulphuric acid to a pale lemon-yellow solution. It decolorises 
bromine, but no product could be isolated. It is also very resistant 
to hydrolysis, being recovered unchanged after refluxing for 30 hours 
with an excess of alcoholic sodium ethoxide [Found : C, 88 * 9 ; 
H, 6 - 6 ; M (Menzies’ method, in chloroform), 317. CggHieO 
requires C, 89-2 ; H, 64% ; Jf , 296]. Alternatively, the benzylidene- 
pyran may be prepared by saturating a solution of 2 -hydroxy- 
a-phenylstyryl benzyl ketone (1 g.) in alcohol (30 c.c.) with hydrogen 
chloride. 

3 : Z' -DiphenyMibenzoB'puopyran (IV). — solution of dibenzyl 
ketone (6 g.) and salicylaldehyde (5-8 g. ; 2 equivs.) in alcohol 
(50 c.c.) was cooled in ice-water while being saturated with dry 
hydrogen chloride. After several hours, the separated solid was 
filtered off. The filtrate, initially reddish-brown, slowly assumed 
an intense purplish-red colour and deposited more solid. The 
combined product, obtained in good yield, was crystallised .first 
from alcohol and then twice from acetone, forming colourless 
needles, m. p. 197®, identical with the substance obtained as a 
preparation of (HI). The B^iropyran is insoluble 
in .water and. aqueous alkali and only sparingly soluble in alcohol. 
The last solution, treated with dry hydrogen chloride, slowly 
develops the red pyrylium oolom, but from the intenaty ol, 
colour only a small amount of salt is present. In oonoenla?atkl 
sulphuric acid, the compound dissolves to a deep red solution 
(Found: 0, 86 * 8 ; H, 5*1; Jf, 426. C/ 29 H 210 O 2 requires C, 87-0; 

S-0% ; M, 400), When it is heated in diphenyl ether, no colour 
develops. 

Alternatively, this epiropyrm may be obtained in good yield by 
saturating a mbsture of 2 -hydroxy-a-phenylstyryl benzyl ketone 
(1 g.) and salicylaldehyde (0-4 g.) in alcohol (30 c.c.) with hydrogen 
chloride, and sdter some hours pouring the product into water and 
extracting the spiropyran with ether. 

2 - Bmzylidme - 3 -phmyl - A^- p - mpMhapyran (V) . — ^Equimoleoular 
quantities of 2 -iiaphthol-l -aldehyde ( 2*6 g.) and dibenzyl keton© 
(3*5 g.), dissolved in alcohol (46 c.c.), were treated with a few drops, 
of piperidine and heated on the water-bath under reflux for 8 
After cooling, the crs^taUine deposit was recrystaUised^il^^^^H 
acetone, separating in binBkunt leddisli^oran^ 



2082 


SrSStBP’na'SftlOM BAltfg. fARH X. 


This pyran is insoluble in alkali, but dissolve# in concentrated 
sulfuric acid to a lemon-yellow solution which shows an intense 
bright green fluorescence (Found; C, 89-6; H, 6-3; M, 360. 
Calc, for CjeHigO: 0,90-1; H, 6-2%; if, 346). 

The same compound was obtained in better yield by saturating 
a solution of dibenzyl ketone (6 g.) and 2-naphthol-l-aldehyde 
(4-1 g.) in alcohol (40 c.c.) with hydrogen chloride, the mixture 
being cooled in ice-water. After being kept in the ice-chest for 
12 hotzis, the reddish-brown solution was poured into water and 
extracted with ether. The extract, dried and concentrated, 
deposited orange needles (4-6 g.) which, recrystallised from acetone, 
proved to be identical with the pyran described above (m. p. 146*). 
The ethereal mother-liquor yielded a small amount of the apfropyran. 

On being kept for several ^ys in acetone solution, the benzylidene- 
pyran undergoes a peculiar change; the orange colour disappears 
and a pale yellow, amorphous solid (m. p. above 200®), which has 
resisted all attempts at crystallisation, separates. The change does 
not sem to occur in any solvent other than ac^ne. 

(Vt).— A ’ o 

^>napiflfre1-l-Weih|fde {h k.) and dibbmsjd (3-S g.) whs 
^^olT^ed in alobloi (40 C.o.), saturated with Hydrogen chloride, and 
in the ice-chSst. The reddish-brown solution 
sloi^fy poured into water, and the resulting curdy- fetOlto solid 
filte^ oft tid well tmahed. Aftterdiyingiaavacuum,it'wS8'feliO- 
tiOhhB^' crystallised from acetone, flhe main product (2-6 g.) was 
ftnal^ obtained in almost colourless needles, m, p. 248®; the 
analysis was that of the momhfdrcde of the apiropyran (Found : 
C; 864; H, 6-3. requires 0, 86-7; H, 6-0%). The 

knhydrots compound may be obtained' by rewystallisation from 
heni^ the addition of li^t pOtedeum, and has the same 
il[. V. a^ lire hydrate (Found ; 0, fl94 ; S, 6*3. Calc, for : 

tr, 88-8; H, 4-8%). 

The ^opyran is practically msolnble in alcohol, only sparingly 
soluble in acetone, and fairly readily soluble in benzene. It dis- 
Sdkes in concentrated sulphuric acid to a dark red solurion, Which 
develops a dark green fluorescence after sev^l hours. No colour 
^tdCjps when it is heated in soivmts, such as diph^yl ethtt. 

LmiEPooii, [Beiewei. J'ww 2nd, 1928..] 
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CCLXXin. — Synthetical Experiments on the Aporphine 
Alkaloids. Part IV. A Synthesis of Mjorpho- 
thebaine Dimethyl Ether. 

By John Massok GuuAiro and Robhet Dows Bawoeth. 

The method for the preparation, of bases of the aporphine group 
which was described in Part I of this series (this vol., p. 681) has 
now been extended to the sj^thesis of 3 : 4 : Q4rime^msy(vporp1mA 
(I). The IssTO-forin of this base is identical with moiphothebaine 
dimethyl ether (Klee, Arch. PJuma., 1914, 252, 242),. and thus the 
structure for morphothebaine (U) advanced by Pschorr and Halle 
{Bar., 1907, 40, 2004) is substantiated. Morphothebaine is pro- 
duced when hot concentrated hydrochloric acid acts on thebaine, 
and as a phenanthrenoisoquinoline base, it forms one of the connect- 
ing links between the morphine and aporphine groups of alkaloids. 


Hj 


2'-iV'tftt>-3' : i'‘MmelJioxyphenyla^-^-3-m^ioxypheny't^S^ 

aie^l bhlcnide and 3-meth6:^-^)phhnyii[>thjdjiS^^ihii\(H 
Ghim. Ada, 1924, 7, 948), was bomteited fiitb' : t * ; l^M- 

rndhox^A-bernyUS : ^dihydroiBoguiticime (IV) by the action of 
phosphorus pentaohloride. This pale yellow crystalline base, which 
forms a sparingly spluble hydrochloride, mlphaie, and mdhiodide, 





is rt&ailbiibiy eiiSilde^b h^dki^erin oxidatioh, but a 
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is^oqumoline (V) was actually isolated from the mother-liquor of 
the preparation of the base (IV), and was converted into the 
amorphous, alkali-soluble oxime. 

The methiodide of the base (IV), which was abnormal in that 
it did not appear to undergo alkaline scission but yielded only the 
crystalline anhydro-base, 2'-m^ro-6 : 3' : 

2-'methyUetrahydroisoquinoUne (VI), was reduced with zinc dust and 
hydrochloric acid to 2'-amino-h : 3' : 4/4rimet}ioxy-l‘benzyl-2~m^hyl-‘ 
Mmhydrdi&oqmnolme (VII), an oily base which yielded a crystalline 
dihydrochlonde and diazotised readily. The base (VII) was diazo- 
tised in a mixture of methyl alcohol and sulphuric acid, and con- 
verted by heating into 3:4; G-frimeiAoiCT/aporpAme (I), an oil from 
which a crystalline hydriodide has been prepared. 

This dZ-base (I) was resolved by means of d-tartaric acid, and 
Z-morphothebaine dimethyl ether hydrogen d-tartrate obtained in 
crystalline condition. It appeared from its crystalline form, 
melting point, and rotation, and by a mixed melting-point determin- 
ation, to be identical with the salt prepared from morphothebaine 
in the manner described by Klee (Zoc. ciZ.). The Z-base was obtained 
from the hydrogen tartrate as an uncrystallisable oil, which showed 
the same colour reactions and rotation as a specimen of natural 
morphothebaine dimethyl ether. Further, the methiodides of the 
two preparations appeared from a comparison of their crystalline 
form, melting point, and rotations to be similar in every respect, 
and there can be no doubt that the synthetical and natural products 
are identical. 

d-Morphothebaine dimethyl ether hydrogen htartrate was obtained 
from the mother-liquor of the resolution by liberating the crude 
d-base and allowing it to combine with Z-tartaric acid. The d-base 
is an oil which has not crystallised. 



Exeebimen 



2'-iV’ZZro-3' : 4:'-dimethoxyphenylacefo~^-2-methoxyphenylethylamide 
(III). — ^2-Nitro-3 ; 4-dimethoxyphenylacetyl chloride (from. 10 g. 
of acid) in benzene (60 c.o.) was added gradually to a solution of 
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3-methoxy-p-phenylethylamme (7 g.) in benzene (60 c.c.). After 
a short time, the dull ydlow precipitate which had separated was 
mixed with 8 % sodium hydroxide solution, and the benzene layer 
was washed with water and dried. When the solvent had been 
removed, the residual brown oil solidided ; it was then crystallised 
from methyl alcohol, from which the amide separated in colourless 
needles, m. p. 107 — 108° (Found : 0, 60*7 ; H, 6'9. 
requires C, 61-0; H, 6‘9%). 

2 '- Nitro - 6 : 3 ' : 4'- trimethoxy - 1 - be/nzyl -3:4- dikyiroiaoqamoline 
(IV). — A solution of the amide (HI) (10 g.) and pho^horus penta- 
ehloride (12 g.) in chloroform (80 c.c.) was kept at room temperature 
for 36 hours. After the solvent and phosphorus oryohlcaride had 
been removed from the mass of felted needles by distillation xmder 
reduced pressure^ the residue was dissolved in boiling water, and 
the solution was filtered and cooled. The sparin^y soluble %dro- 
cMoride of the base (IV) which separated was collected (see below 
for examination of the mother-liquor), suspended in hot watesr, and 
decomposed by ammonia. The hose (IV) thus liberated crystallised 
from methyl alcohol in faintly yellow, blunt-ended prisms, m. p. 
121 — 123° (7'6 g.) (Found : C, 64'2; H, 6 - 6 . O 19 H 20 O 5 N 2 requires 
0, 64-0; H. 6 - 6 %). 

■Hie hydrochloride separated in colourless needles, m. p. 217—218° 
(decomp.), when a solution of the base in hot dilute hydrochloric 
acidwascdoled (Found ; Cl, 9*0. CijH 2 o 05 N 2 ,HCSlTequiresCl, 9 * 0 %). 
It is modwately -easily solhble in water and eith]d alcohol, but v^y 
sparingly sohtHe is ddidehydfodblmdc'acid. TbesttZpAdiifo, prepared 
by disKdving the base in diMte striplmm v«oic^ Uama oiloitjEkaB 
needles, m. p. 237° (decomp.). ■ • • ■ > - r>'v»s 5 Wi-.* 

The m^hiodide was obtained in a yield CKxeeeding 90% 'ri'heB>% 
mixture of the base and an excess of methyl iodide was heated under 
refiux on the water-bath for 30 minutes, and the excess of methyl 
iodide removed. It czystallmed from ethyl alcohol in yellow needles, 
mi p. 220° (decamp.), which were sparh^^ soluble in water (Found : 
0, 48*4; H, 4*9. GaftsOslSral requires C, 48*^; H, 4-6%). 13m 
substance appeared to be unusually sbsMe to alkaline fisskm, and 
attempts to decompose it with sodium hydroxide of various concen- 
^Kirians: led oil]^ to 2'-nitro-6 ; 3' : 4k''4rmeikoa^~l~beiui^lidem- 

(VI), which separated as a red oB and 
was eKtrae^wii^%mzmie. - When the sidutionwhe dried and the 


solvaot reanqve^ 46^ base (VI) solidified; after twice oiystalliiiisjl 
fsxm: bemsene-i^Jcdn, ft waC obtained in prisms, m^ p, 


which appeared as red diamond-shaped tablets or as yelkihv- 
aeoetfdi^ td th»-aixi^ fbom . Hfhicih' they -wm^ 
in materitd dried 
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C, 64-9 ; H, 5-9%). By adding sodium iodide to a solution of the 
base (VT) in dilute hydrochloric acid, the methiodide of the base 

(IV) was regenerated as an oil which crystallised when rubbed with 
ethyl alcohol. 

2'- Nitro -6:3': 4'- triniethoxy-l-benzoyl -3:4- dikydroisoquinoUne 

(V) . — ^The acid mother-liquor from which the hydrochloride of the 
base (IV) had separated (see above) was rendered alkaline with 
ammonia ; the precipitate obtained, when crystallised twice from 
methyl alcohol, formed faintly yellow prisms, m. p. 164° (decomp.) 
(Found: C, 61*5; H, 4*9; N, 7*6. Ci^igOgNa requires C, 61-6; 
H, 4*9; N, 7*5%). This substance is insoluble in alkali, but dis- 
solves in warm dilute hydrochloric acid and is reprecipitated by 
sodium acetate. A consideration of its properties leads us to assign 
to it the constitution (V), and in this connexion it is noteworthy that 
the colour of a solution of the compound in bqiling acetic anhydride 
is yellow, whereas the non-nitrated 1 -benzoyl-3 : 4-dihy^oi50- 
quinolines develop a characteristic green coloration under the same 
conditions (Buck, Haworth, and Perkin, J., 1924, 125, 2176). The 
oxime^ prepared by the action of hydroxylamine hydrochloride and 
pyridine at 100°, is amorphous and dissolves readily in dilute sodium 
hydroxide solution. 

2'- Amino -6:3' : 4'- trimeikoosy - 1 - benzyl - 2 - methyltetrahydroiso- 
quinoline (VII). — ^The methiodide (8 g.) of the base (IV), suspended 
in water (80 c.o.) and concentrated hydrochloric acid (160 c.c.), was 
heated on the water-bath and reduced by the gradual addition of 
ainc dust (31 g,). The clear, colourless solution was then cooled, 
and on several occasions a zinc chloride double salt separated in 
characteristic, colourless, fan-shaped aggregates of needles. After 
the addition of an excess of sodium hydroxide solution, the base was 
isokbted by repeated extraction with ether; this extract, when 
Waited. with water, dried, and distilled, yielded a pale yellow, 
uncrystallisable oil. This was converted into its dihydrocMoride 
by iamting an absolute alcoholic solution with dry hydrogen chloride 
aa^ evaporating the solution to dryness under reduced pressure. 
The residual oil crystallised from dry chloroform in colourless 
needles which softened and shrank at 135°, melted at 156°, and re- 
tained solvent when dried in a vacuum desiccator (Foimd in material 
dried in a vacuum desiccator : Q, 32*0. C2oH2603N2,2HCl,CHCl3 
requires .01, 33^3%). This substance diazotises readily, and the 
diazonium salts couple with P-naphthol in alkaline solution, yielding 
a scarlet dye which develops- a reddish-purple colour with concen- 
trated sulphuric acid. 

dI-3 : 4 : 6-TrimeihoxyaporpMne (I). — ^A solution of the hydro- 
chloride of the base (VII) (5 g.) in 2iV‘-sulphuric acid (30 c.c*) was 
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boiled in order to free it from chloroform, cooled in ice, and diazotised 
by the calculated amount of 2^-sodium nitrite. After the addition 
of methyl alcohol (30 c.o.), the orange solution was boiled under 
reflux for 30 minutes, mixed with concentrated hydrochloric acid 
(6 c,c-), reduced by zinc dust (2 g.), cooled, filtered, and made alkaline 
with 30% sodium hydroxide solution. The base (I) was isolated as 
a pale yellow oil by repeated extraction with ether, followed by the 
removal of the solvent, and was converted into the %yd/tiodide by 
the addition of sodium iodide to a solution in dilute hydrochloric acid. 
This salt separated as a gum, but crystallised when rubbed with 
ethyl alcohol after the mother-liquor had been decanted, and when 
reorystallised from the same solvent formed almost colourless needles, 
m. p. 227® (decomp.) (Found in material dried at 100® : C, 53*2; 
H, 6-2. CgoHgaOgNjHI requires C, 63*0 ; H, 6-3%). It is sparingly 
soluble in water and separates as a granular, non-crystalline mass 
when a hot solution is cooled. 

Resolution of dl-3 : 4 : 6~Trimethoxyaporphine, \~Morphofhebaine 
Dimethyl Ether , — ^The oily dZ-base (I) was liberated from the hydr- 
iodide by sodium carbonate and extracted with ether, and the 
solvent evaporated. The residue, dissolved in a little 95% ethyl 
alcohol, was mixed with an alcoholic solution of an equimolecular 
amount of d-tartaric acid; in a few moments, the colourless 
Z-morphothebaine dimethyl ether hydrogen d-tartrate separated. 
It crystallised from ethyl alcohol, in stellate aggregates of shining 
needles, m- p, 208^209® (deoomp.) (Found in material dried at 
100® : <3, 60-3 ; H, 6-3. Cale. for : 0, 60-6 ; H, 6-1%). 

In* aqueous solution, c = 1*123, Z = 1, aD ss 0*84®, whence 
i= — , 74*8®. Z-Morphothebaine was liberated as a colourlep 
oil from the hydrogen tartrate (0*1684 g.) and carefully extracted 
by successive small quantities of chloroform, and the mixed 
extracts were dried with a little sodium sulphate and made up to 
20 c.c. ; Z = 1, ttD = — 1*00°, whence [oc]i> = — ^ 173*5°. The colour 
reactions with Erdmaim's and Frohde’s reagents were indistinguish- 
able from those given by the natural Z-base (see below). The 
methioiide separated in crystalline condition when a solution of the 
base and methyl iodide in ethyl acetate was warmed for a few 
minutes on the water-bath; it crystallised from ethyl alcohol in 
colourleaa needles which became pasty at 190® and melted at 196® 
(Found in material dried at 100® ; C, 64*0 ; H, 5*6. 
requires 0, 54*0; H, 6*6%). In aqueous solution, c = 0*448, 

Z == 1, otjD = — 0*39®, whence [a]D = — 87*1®. 

Natural l-Morphatkebaine Dimethyl Ether , — ^For comparison^ 
specimen of natural morphothebaine dimethyl ether wm 
by methylating morphothebaine w^ "diazomety^ 'dm miMm 
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by Klee (he. eit.). The oil obtained inihis way was converted into 
the hydrogen d-tartrate, which crystallised from 95% ethyl alcohol 
in stellate dusters of shining needles, m. p. 208 — ^209® (decomp.) 
(Klee gives 206®), and there was no depression of the melting point 
of a mixture of this material with the synthetical product. In 
aqueous solution, c = 1*040 , 1 = 1, = — 0*78®, whence [a]i, == 

— 76*0® (Kee gives — 74*8°). The oily basej 'vdiioh was liberated 
by sodium carbonate solution from the hydrogen d-tartrate (0'2160 
g.), Tms extracted with chloroform (20 o.c.) as described in the case 
of the synthetical substance; 1 = 1, an =* — 1-27®, whence [ajo = 
— 172*7® (Klee gives — 184*8®). With Erdmann’s reagent an 
. olive-green colour was immediately developed which changed to 
a dirty videt-blue and then became red on dilution, and with 
ErShde’s reagent a deep bluish-green colour was produced which 
Anally became dull violet. The methiodide, prepared as described 
for the synthetical material, crystallised in needles whidi became 
pasty at 190® and melted at 195®, and this melting point 
was not altered on admixture with the synlhetioal preparation. 
lOt aqueous solution, c = 0*538, i = 1, «!>==—• 0'47®, whence 
[«|» = - 88*2®. 

ii-Jl^oifphai^eSaine Dimethyl Ether . — ^The alcoholic mother-liquor 
£(om wMch 'the l-morphoihebaiae dimethyl ether hydrogen d-tartrate 
had {e^iarated (seenbove) was concentrated, mixed with ammonia, 
and extracted with ether. The extracts were washed with water, 
dried, and distilled, and the residue was converted into d-morpib- 
tiidmine dimethyl ether hydrogen 1-tarirate by mixing an alcoholic 
solution with an alcoholic solution of the requisite amount of 
7-tartario acid. This salt separated when the vessel was rubbed, 
and erystalliaed from ethyl alcohol In stellate clusters of shining 
&S6d^, ni.p. 208 — (detsoutp.) (Found in mat^nal dried at 100® : 
ti, eD*«; Hi 0*3. requires 0, 60*6; H, 6*1%). In 

'hqaenus solution, c = 0*821, I =1, <*„ = -f0*62®, whence [a]* = 
■+75*^ . The ocdourless Oily d-hase, liberated ftom the hytogen 
l^iarteate (0*1231 g.), was dissolved in ohlomform (20 c.o.) ; Z = 1, 
0*76®, Whence [ajn = -f 174*2®. 

m 
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CCLXXIV . — The Action of Magnesium Phenyl Bromide 
on Methyl o-Gyanobenzoate. 1 : Z-Di^henyldihydro- 
iaoindole. 


By David EinsrciiMAar Boyd and DowAtiD Ernest Ladbams. 

It has been shown by Haller and Legagneur {Compt. rend., 1926, 
180, 1621) that luagnesium methyl iodide in ethereal solution reacts 
with the methyl ester of camphoric acid a-monouitrile to give the 
corresponding cyano-tertiary alcohol : 

GN-CgHii-COaMe — 5- GN-OgHii'CMvOH ; 
in boiling toluene solution, however, the nitrile group also is attacked, 
the product being the ketonio tertiary alcohol, 
COMe-OaHi4-GMeg-OH. 

Usii^ magnesium phenyl bromide in ethereal solution, the same 
authors obtained {ibid., p, 881) the ketimine hydrobromide, 
C 8 Hi 4 (COPh)‘CPhINH,HBr. No observations appear to be on 
record with r^ard to the action of a Grignard reagent on an aromatic 
compound containing both a cyano- and a carbalkylosy-group. It 
seemed possible that the cyano-group in such a compound would 
show a reactivity considerably less than that of the other competing 
group, and methyl o-cyanpbenzoate was investigated by us in the 
hope of obtaining o-cyanotriphenylcarbinol. 

We have fpui^, however, that magnesium phenyl bromide in 
ethereal solution oonvertli the ester almost quantitatively into the 
hydrobromide of a base which we edpsidar to be 1-hy^ay-l ; 3‘ 
diphenyliaoindole. No trace of the isblherie o-cyan6triphi^l- 
earbinol could be detected. > > 

Two difierent routes may be suggested as leading to the tsoindtile 
compound : 

CO 


(1) CgH, 


< CO*OMe 
CN 




^O-OMe 


h,-N-MgBr 




t CaH, 


CHi’Oli^Br 



CeH4< 


CPh-OH 
,HBr . 





mom /OOPh 

(2)0A<^ ■ Bi® “•“‘CaawgBt 

CPhOH . -ilL lKf 

^ , W 
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Bong formatioix by domination of MeO*MgBr, as in scheme (1), 
has been postulated by Salmon-Legagneur (Atm. Ohm,., 1927, 8, 5) 
to explain the formation of a nitrogen-ring compound by the action 
of magnesium ethyl bromide on the methyl ester of camphoric acid 
a-mononitrile : 


CgB[j4< 


K)-OMe 




/CO-OMe 

X3Et.*N'MgBr 

CO 

CrOH-OHa 


In scheme (2) the iaoindole derivative is assumed to arise from the 
ketimine hydrobromide by an intramolecular change. 

Although the isoindole formula * appears to us the more probable, 
the isommc ketimine constitution cannot be definitely excluded. 
In certain solutions both forms of the compound may be present : 



The comparative ease with which hydrolysis to o-dibenzoylbenzene 
takes place on boiling with dilute sulphuric acid may be regarded 
as evidence of the presence of (I) in the solution. On the other hand, 
the ring structure is supported by the following considerations : 

(1) With concentrated sulphuric acid the base behaves like a 
tertiaiy aromatic carbinol, giving a solution of an intense magenta 
colour. In this solution the compound shows great stability; 
hmting in a water-bath for 2 hours produced little or no alteration. 

. (2) The base can be reduced to 1 : 3-diphenyldihydroisoindole : 

CPh-OH CHPh 

0eH4<^ — ^ . 

OTh (&Ph 


llie reduction was effected by means of zinc dust and acetic acid, 
and tlm yield was small. Most of the base was converted into a 
yellow solid apparently identical with diphenylbenzfuran (Guyot 
and Catel, Bt/U. Soc. ckim., 1906, 35, 1124). The appearance of 
this substance is attributed to hydrolysis resulting in the formation 
of dibenzoylbenzene, which is then reduced to the benzfuran. 

* Compounds related to ^oindole have also been obtained by Weiss and 
oo-TTOriets (MonaUk., 1924, 45, 105 ; 1927, 48, 461) by the action of Grignard 
reagents on o-phthalonitrile. 
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Experiinent showed that reduction of dibenzoylbenzene xmder 
similar conditions leads to the same yellow product : 


/COPh 


lOPh 


CeH,; 


CPh 
0 
Ph 


Efforts to improve the yield of 1 : S-diphenyldihydrowindole by 
the use of other reducing agents were unsuccessful. 

1 : 3-Diphenyldihydroi5oindole appears to be the first example 
of a 1 : 3-disubstituted dihydroi^oindole. The parent substance 
and its l-methyl derivative were described by Gabriel (Ber,, 1893, 
26, 526, 711, 2213), but only ^-substituted dihydroisoindoles have 
been prepared subsequently. The compound was found to be much 
more stable than the unsaturated substance from which it was 
derived, being unattacked by boiling dilute acid or alcoholic potash, 
and only oxidised extremely slowly by chromic-acetic acid to 
dibenzoylbenzene. It behaves as a strong secondary base, giving 
readily crystallised salts and a nitroso-, a monobenzoyl and a ^-tohiene- 
sulphonyl derivative (the last alkali-insoluble). IVom its mode of 
preparation it might be expected to have the trans-^ and therefore 
racemic, configuration, but the material available was not suficient 
for experiments on resolution. 

The study of the reaction between cyanobenzoio esters and 
organomagnesium halides is beiog continued. 


Experimental. 

Methyl o-oyanobenzoate was prepared in 65% yield from methyl 
anthraidlate by Clarke’s modification of the Sandmeyer reaction 
(J. Amer. Ghem. Soo,, 1924, 46, 1001). The oily product was dis- 
tilled under reduced pressure, b. p. 154°/16 mm., and crystallised 
in the receiver to colourless plates, m. p. 51°. 

The Action of Magnesium Phenyl Bromide on Methyl o*Gyano« 
benzoate. — 28-6 G, of the ester (1 mol.) in 300 c.c. of ether were run 
slowly, with constant stirring, into the ice-cold Grignard reagent 
prepared from 86 g. of hromobenzene (3 mols.) and 12-2 g. of 
magnesium (2f atoms) in 250 c.c. of ether. Each drop gave a yellow 
precipitate, so that finally a semi-solid mass was obtained. This 
was refluxed for an hour, cooled, and decomposed with ice and dilute 
sulphuric add. The yellow solid, \-hydroxy^l ; S-diphenylimmdok 
hydrcbfomide^ was collected and washed with ether, in which it^wip 
almost insoluble. Yield, 60 g. (90%), The brown ethereal.fl p^ |^^ 
gave on evaporation a small amount of gummy 
unchansred ester was crystalhsed hy, 
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hydrobromide W€ts crystallised fioiaoL ohloroforni-beiizene, but could 
not be obtained pure. It decomposed above 220®, Attempts to 
crystallise it from alcohol converted it into o-dibenzoylbenzene. The 
free base was obtained by rubbing the hydrobromide with aqueous 
sodium carbonate, and a little ether to remove gummy matter 

The prismatic crystals obtained from aqueous methyl or ethyl 
alcohol melted at 192*6® (decomp.) (Found : 0, 83*7 ; H, 5*4 ; 
3Sr, 4 - 9 . requires C, 84*1 ; H, 5*3 ; N, 4*9%). When 

boiled in alcoholic potash or dilute sulphuric acid for an hour, the 
base was quantitatively decomposed into o-dibeilzoylbenzene, 
m. p. 145® (Found : C, 83*2 ; H, 5*1. Calc, for : 0, 83*9 ; 

H, 4-9%), ammonia also being formed. The o-dibenzoylbenzene 
was identified by conversion into the oxime, m. p. 149 — 150® after 
crystallisation from methyl alcohol. The ketone gave a colourless 
solution with concentrated sulphuric acid. Guyot and Catel 
(foe. cit) record 146° and 15D® as the melting points of the ketone 
and oxime, and state that the solution of the ketone in sulphiiric 
acid has a pink colour. 

free base dissolved in concentrated, or slightly diluted, sul- 
phuric acid to give a magenta-coloured solution; the hydrobromide 
gave off hydrogen bromide and bromine. This solution could be 
boiled for some minutes or heated in the water-bath for 2 hours 
without any marked decoihposition, as shown by cooling, pouring 
on ice, filtering off any traces of dibenzoylbenzene and neutralising 
the filtrate. An attempt was made to condense the hydroxyfoo- 
indole with phenol in the presence of sulphuric acid (Baeyer and 
Villiger, Bsr., 1902, 36, 3018; Boyd and Hardy, this voL, p. 630). 
So^honation occurred, however, and the product was an atuphoteric 
^ ^ to ye to llfeable substance. 

With a to obtaming evidence as to the constitution of the 
product arising in the Qrignard reactiem, experiments on benzoyl- 
ation were carried out. Before decomposition of the Grignard 
with ice, b^izoyl chloride (1 mol.) was run slowly into the 
which was then refluxed for an hour, cooled, 
and tinted with ice and ammonium (Sbloride. A small quantity 
of solid remained, Insciuble in the ether layer; this was extracted 
with alcc^K^, which deposited on dilution a colourless solid, m. p. 
220 ®, containing nitrogen but giving no coloration with concentrated 
sulphuric acid (Found : C, 84*3 ; H, 6 * 6 ; N, 4*4. C 20 H 15 ON requires 
0, 84*1 ; H, 5*3 ; N, 4-9%). On repeating the experiment this 
substance was not obtained, so that further investigation was not 
possible. The ethereal solution in each case contained dibenzoyl- 
benzene, benzamide, and tany matter. 
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Reduction of l-Hydroxy-l : Z~di^henylisoindole, — An acetic acid 
solution of the base was kept with excess of zinc dust for 2 days, 
with occasional warning. The filtrate exhibited a blue fluorescence 
(destroyed by exposure to Kght and air), and gave on dilution a 
deep-yellow soKd. This could not be satisfactorily crystallised, but 
its m. p. of 120 — 125°, its oxidation by chromic-acetic acid to 
dibenzoylbenzene, and its behaviour in solution point to its identity 
with Guyot and Caters diphenylbenzfuran, m. p. 125°. Dibenzoyl- 
benzene was reduced under the same conditions to the same sub- 
stance. The diluted acetic acid filtrate gave on neutralisation a 
white precipitate of 1 : Z-diphenyMikydroisoindole in very poor yield. 
The yield was iucreased to about 10 to 20% by adding the hydro- 
bromide in small quantities to the boiling suspension of zinc dust in 
acetic acid. The colourless prisms from alcohol melted at 109° 
(Found: C, 87*95; H, 6*55; KT, 6*1. GgoH^^N requires C, 8846; 
H, 6*3 ; N, 5*2%). The base is soluble in the usual organic solvents, 
and in dilute mineral acids ; the solution in hot dilute hydrochloric 
acid gave crystals of the hydrochloride, on cooling, m. p. 270 — ^280° 
(decomp.) (Found : Cl, 11*36. CaoHiyNjHCl requires Cl, 11*63%). 
The base was slowly oxidised by gradually adding a slight excess of 
chromic anhydride to an acetic acid solution heated in a water- 
bath. On cooling, dibenzoylbenzene crystallised. 

On adding aqueous sodiiun nitrite to a dilute sulphuric acid 
solution of the base, a white precipitate ot the mYroso-derivativei 
CeH 4 (CHPh)j^*IfO, slowly formed. The crystals from alcohol were 
pinkish, but yellow while ia the steam-oven, and melted at 176 — 
176*5° (Found : N, 9‘6. neqiUDes hT, 1 0-8%). This 

substance was unaffected by aleoholic hydrooHdm acid> lited 
not be reduced to the corresponding hrydraztoe' by sane dudtSn 
acetic acid. On applying liebermann’s test it gave a green solution 
in the sulphuric acid-phenol mixture. The benzoyl derivative 
(Schotten-Baumann method) gave crystals very sparingly soluble 
in alcohol, m. p. 236° (Found : N, 3*9. 027H2i0N requires H, 3-7%). 
On treatment with phosphorus pentaohioride (v. Braun, iSer., 19!04, 
37, 2818) it gave an intractable tarry material. The ^toluene.- 
s^phonyl derivative melted at about 266° (decomp.). It was 
insoluble in alkali. 

Oiie <tf ’ li.) wkhes to thank the Department of Scienidfio 
and Industrial B^eamh for a grant which enabled him to take 
iriiansinvestigatimi^ I 

UiUVBjasiTY OotiiBOE, Southampton. {Beoeit^ed, June 
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CCLXXV . — Striated Photographic Records of Explosion 
Waves. Part II. An Explanation of the Strice. 

By Colin Campbell and Abthtjb. Calvebt Finch. 

It has been shown (J., 1926, 3010; 1927, 1672) that when the 
explosion-wave in certain gaseous mixtures is photographed by 
means of a moving-fihn camera, the records are striated in appear- 
ance and the trace of the flame front is marked by regular undul- 
ations. The mixtures which showed these phenomena most clearly 
were those of carbon monoxide and oxygen, with or without the 
addition of small quantities of hydrogen. The period of the strise 
and also of the undulations was approximately proportional to 
the diameter of the containing tube but independent of its length. 
In a tube of internal diameter 15 mm. the period was about 1/39,000 
sec. and was apparently not affected by the method of ignition of 
the gases. Several suggestions were put forward as to the cause 
of these phenomena, such as induced vibrations in the apparatus, 
a periodic propagation of the explosion-wave, or (as suggested by 
Mr, E. F. Greig) the flame travelling along a helical path. 

The experiments now recorded appear to show that the facts 
can be accounted for by the last suggestion, and that the vibration 
of the apparatus or of a column of the gaseous mixture is not 
r6Sj>onsibIe for the effect. 

Expbbimental. 

The general experimental procedure previously described (J., 
1926, 3010) has again been used except that, since only one gaseous 
mixture was imder observation in any one experiment, the diaphragm 
apparatus was no longer necessary. The explosion apparatus 
oony^sted simply of glass and lead tubes of the same internal 
dkmeter (usually 12-6 or 16 mm.) rigidly cemented together to 
form a continuous gallery, usually about 4 m. long, which was 
]^aced horizontaliy in front of a moving- film camera. The ex- 
piomTO mixture was ignited by a break-spark near the closed end 
of the gallery, tho other end (often seen in the photographs) being 
opened just before firing. The photographs were obtained on 
Lumi^re paper, usually 100 mm. wide, which was fastened to a 
cylindrical drum capable of being rotated at peripheral speeds up 
to 55 m. per sec. In order to obtain the exact direction of movemeni 
of the film as it passed the focus of the camera lens, a small eloetrio 
lamp, placed near the tube and giving a pin-hole illumination, was 
lit for several seconds just before the mixture was ignited : tbj q 
produced the thin black lines seen on many of the photographs. 
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The “ Vibration ” Theory. 

It was at first imagmed that the striae might have been caused 
by the vibration of the camera itself, but the fact already mentioned 
(J;, 1927, 1576), that striae of different periods in two portions of 
the same tube have been recorded together on the same film, would 
appear to disprove such an explanation. Further evidence against 
it can now be given. For example, strias of gradually increasing 
periods were obtained when a conical, instead of a cylindrical tube 
was employed. This is shown in Fig. 1, which was obtained when 
the internal diameter of the tube increased from 10 mm., on the 
right, to 26 mm., on the left of the photograph. An abrupt change 
in the internal diameter of the explosion tube has a marked effect 
on the speed of the flame as well as on its general character (Camp- 
bell, J., 1922, 121, 2483), but the gradual widening of the tube 
produced no alteration in the speed of the flame in this experiment. 
In two experiments where the widening was more rapid (the diameter 
increased from 15 mm. to 28 mm. over a distance of 31 cm.), the 
character of the flame was altered and its speed reduced. 

Vibration of the camera being excluded, that of the explosion 
tube was next examined. Such vibrations, set up by the explosion 
itself or transmitted through the bench from the driving motor on 
the concrete floor, might be either (1) longitudinal vibrations 
similar to those in a freely supported bar after a sharp knock, or 
(2) transverse vibrations in the material of the tube (compare 
vibrations of a bell) causing alternate compression and rarefaction 
of the hot gases. 

Longitudinal vibrations in a glass tube would have a frequency 
proportional to its length ; they would have the same frequency m 
all parts of the same tube and would almost certainly show the 
presence of nodes and anti-nodes at fixed points in it. The striae, 
however, have a frequency which is independent of the length of 
the tube, the frequency is not always the same in different parts 
of the same tube {e.g,, in a conical tube), and the undulations on 
the trace of the wave-front do not correspond to the same points 
in the tube in different experiments. Moreover, the frequency of 
the striae in one particular tube is about 40,000 per second, whereas 
the fundamental frequency of the longitudinal vibrations of this 
tube has been calculated to be about 2,500. 

The theory that the striae are caused by transverse vibrations in 
the material of the tube would appear to gain support from the 
close relationship which has been found to exist between the fre- 
quency of the striae and the diameter of the tube. On this 
might be expected that an alteration in the thicl 
of the explosion tube weuld site the fiequeii^^ 
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change has not been observed, but as no method appears to be 
available for calculating the variation of freq^uency with wall 
thickness for bell- vibrations of this type, we are unable to predict 
whether the effect would be sufficiently great to be apparent. It 
seemed probable, however, that a change in the elastic properties 
of the tube wall would alter the fr^uenoy of vibration to a much 
greater extent, and rubber tubes might therefore be expected to give 
results different from those in glass ; but experiments in which a 
^tion of the glass explosion tube was replaced by one made of 
(a) thick rubbep provided with a thin glass window, and (6) very 
tMn semi-transparent rubber, showed striae of similar frequencies 
in the glass and rubber sections of the tube. 

Since no difference in the striae could be seen when tubes of rubber 
and glass were used, an attempt was made to reduce to a minimum 
any possible transverse vibrations in a glass tube. For this purpose, 
the glass explositm tube, instead of being clamped, was encased 
in a large block of cement (reinforced by iron bolts) except for a 
slit 3 cm. wide extending along the middle 60 cm. of its length. The 
photograph obtained through this slit showed striae of the same 
intensity and frequency as those observed in a tube clamped in the 
^dinary way. 

It would appear^ therefore, that vibrations either longitudinal 
or tea3ttsveise in the tube itseK cannot explain the formation of the 
striae* 

A train of compression waves in the gaseous mixture, initiated 
at or near the open end of the tube and moving in a direction opposite 
to that of the ffame motion, might produce striae, but it has pre- 
viously been pointed out (J., 1927, 1573) that the slope of the 
striae actually observed would require the velocity of such waves to 
bo infinitely great. In any case, it seems impossible to 

bellove the open end of the tube could be a r^on of high 
pressure several milliseconds before Hie flame had arrived there. 
That the method of ignition, also is not concerned in the formation 
<rf tifce steisB is shown by the fact that their frequency is unchanged 
(a) when the frequency of electrical, oscillations is altered by in- 
ori^fisii^ the capacity df the secondary circuit, and (6) when the 
mixture is i^tied by a taper, the tube, in this experiment, being 
open at both ends. 


TU Helix Theory. 

li a flame is travelling along a helical path in a cylindrical tube, 
it should appear at two windows separated, by an arc of 90° at a time 
interval which is one fourth of that required for consecutive appear- 
ances at the same window. To test this by viewing the flame through 
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Direction of propagation of explosion-wave. 
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Vertical reference lines 10 cm. apart. Fig. 14. 
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“top” “feont” windows was not satisfactory, because the 
aspects inleitiye to the Ojainera were not quite similar, one bmtig 
normal and the other tangential to the tube. Moreover, through a 
window at the front of the tube, the flame would he visible both at 
the front ,and the ba<^ of the tube and the consequent doulfling of 
the fcequeaey of the striae causes a loss of photographic restflutjon, 
$Oth #SlQiflties w^ overcome and two tangential views obtained 
% ithe.- use. .a,]^tei^ass. mirror placed behind the tube and 
image on, the fllm record was made directly by 
lts.it passed a window near the top of the 




the aperture of 
these prMauti(ms,.a 


'^sp|i|^.jlpdm)6fl- hy the li^t, after reflexion 
liAJ i a^ jaS.it a window at the back, 

ii^^^^|^|J^^.jimage3 should WinT'lPPus, 
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TOth the tube pointing directly towards the camera. Preliminary 
experiments had shown that the explosion tube could be placed 
within 80 cm. of the lens without the latter being damaged or 
displaced even though the tube itself was completely shattered. 
The explosion tube was clamped as rigidly as possible, and complete 
alinement between the axis of the tube and the axis of the lens was 
secured by the use of a spirit-level and by accurately placed sights 
similar to those used on a rifle. In order to reduce the amount of 
extraneous light that reached the camera, the explosion tube was 
made of copper instead of glass, and on the open end was placed a 
cap of black paper with an annular aperture (2 mm. wide), the outer 
edge of which coincided with the inner surface of the tube. With 
this arrangement, a disc of flame of uniform luminosity moving 
regularly towards the open end of the tube would produce, on the 
moving film, a continuous band; any periodic change of the 
luminosity of the flame — owing to periodicity, chemical or physical, 
in its propagation — ^would result in its being recorded as a series 
of rings. If, however, the foremost actinic portion of the com- 
bustion is small in size compared with the diameter of the tube and 
is rotating regularly about the axis of the latter, it should produce 
a record which is cycloidal in form. The type of cycloid produced 
would depend on the apparent peripheral rate of rotation of the 
flame, and this rate would be altered by changing the distance of 
the tube from the camera, other conditions remaining the same. 

Figs. 3, 4, 5, and 6 are reproductions of some of the records 
obtained by the above method. They are clearly cycloids, and 
when compared with one another, show the alteration of type as the 
distance of the tube from the camera is altered. Since different 
parts of the terminal tube of the explosion gaUery could not be at 
the same distance from the lens, there is a slight variation in 
type even in a single record, but as the length of the terminal tube 
was usually short compared with its distance from the camera, the 
variation is in most oases inappreciable. 

The form of cycloids to be expected when the tube is at various 
positions in front of the camera can be calculated from the known 
velocity of the explosion-wave (F), the tube radius (r), and the 
distance L (see above). If the flame is travelling round the circum- 
ference of the tube, the are traversed in time t will subtend an angle 
« at the centre such that t = LolI^tcV. It has been shown (J., 1927, 
1576) that (approx.), and therefore t = Sra/TuF. If the 

wheel had remained stationary during this period, the position 
of the flame image would be given by a? = {xr cos a ; 2^ = jxr sin a, 
where [x is the magniflcation. But, since the filTn is moving vertically 
at a velocity W (the peripheral wheel velocity), each point on it has 
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moved forward, in time t, a distance SraW/nV. The trace of the 
flame image on the moving fllm is therefore the cycloid in which the 
above value of y is replaced by y = [Lr^moi + StolW/tzV. An 
example illustrates the method employed in plotting the theoretical 
cycloids : 

Experiment 456. Mixture CH 4 + SlOg. Velocity of explosion 
taken as 1900 m./sec.; r = 7-5 mm.; ji = l/15; IF = 53*83 
m./sec. Hence the cycloid is a? = 0*5 cos a ; 2 / = 0*5 sin a + 
0*2030a. By taking different values for a, corresponding values for 
X and y were obtained. A curve was plotted from these values : 
it was then photographed and reduced in size for comparison with 
the record obtained in this experiment. Similar cycloids were 
plotted for each magnification and tube radius, and the reduced 
reproductions placed alongside the actual photographic records in 
Kgs. 3 — 6 . In each case, the value of taken is that which corre- 
sponds with the middle point of the horizontal part of the explosion 
tube : the theoretical and recorded cycloids, therefore, correspond 
most closely over the central portions of the latter. 

The agreement between the theoretical and the observed results 
appears to point conclusively to a rotational movement of the flame. 
That the rotation qiay be in either direction seems clear from Eigs. 
5 (a) and ( 6 ), for in (a) the cycloid corresponds to a clockwise rotation, 
whilst in ( 6 ) it is in the opposite direction. 

Helical Traces on the Walls of the Tube , — ^The helix ** theory is 
also supported by evidence of a nature quite different from that 
hitherto described. The inner surface of the terminal glass tube 
of a gallery of lead and glass sections was foimd, after several ex- 
plosions, to be coated with a light deposit of lead dust in which 
was discernible a very incomplete network of markings apparently 
consisting of portions of clockwise and counter-clockwise helices. 
During attempts to repeat this observation and to obtain perfect 
records of this tj^e, many different incombustible powders were 
tried as coatings for the interiors of the tubes. A light deposit of 
French chalk, which adhered fairly readily to the glass surface, 
was found to be most suitable. Two of the tubes so coated, and 
used each for one experiment only, have been photographed for 
us by Messrs. Flatters and Garnett of Manchester and are repro- 
duced in Fig. 7. In both cases the mixture 2CO + Og (containing 
0*7% H 2 ) was used. The helical trace is, in each case, clearly 
marked ; in Expt. 467 it is clockwise with respect to the forward 
movement of the flame, whilst m Expt, 468 it is counter-clockwise. 

Both tubes were of 14*7 mm. bore and the average pitch of the 
helical trace, whose direct measurement is rendered easy by. its 
uniformity and completeness, is very nearly 44 mm. This distance 
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may, with very small error, be considered identical with that between 
points in the tube corresponding to successive undulations in the 
photographic record of the foremost actinic portions of the flame 
associated with the explosion in a tube of the same diameter. It 
may be, indeed, that the dust trace shows the actual path traversed 
by this part of the flame but, on the other hand, it is conceivable 
that it is due to some invisible disturbance travelling ahead of the 
flame. 

There are several other points of agreement between the photo- 
graphic records and these helical dust traces. For example, the 
dust trace produced when the mixture 2CO + O.^ (containing 
1 % Hg) was used showed greater regularity than that formed with 
the mixture CH 4 + 6 O 2 J just as the undulations obtained in the 
photographs of the flame in the carbon monoxide mixture were 
more regular than those in the methane mixture. Again, a slow 
(pre-detonation) flame in the same carbon monoxide mixture was 
found to give neither striae in the photographs nor traces in the 
French chalk, and the weU-established explosion-wave in electro- 
lytic gas also gave negative results in both eases. 

That the first luminous portion or “head’’ of the explosion 
traverses a helical path gives no explanation of the long striae 
which are a striking feature of many of the photographs taken on a 
moving film. Such a luminous “ head ” to the combustion as it 
traversed a helical path in a tube provided with only a narrow 
window would be recorded on the film as a chain of well-marked 
points or short arcs, whilst the combustion behind the head, if 
uniformly distributed across the tube section, would produce a 
uniform background in the photograph. The record, therefore, 
although probably showing an undulated trace, would be devoid 
of stride, axid quite unlike any actually obtained. 

The production of striae can, however, be explained by maldng 
the further assumption that the most luminous portion of the gas 
behind the flame front forms a long slender “ tad,” which lies close 
to the wall of the tube and rotates with a frequency almost identical 
with that of the head. Such a rotation of the tail explains the 
observation that the frequency of the striae photographed through 
a middle window is double that recorded through a top window, just 
as the frequency of the undulations in the photographic record 
produced by the head was doubled under similar conditions . Through 
a middle window, the tail is visible twice (at the front and the back 
of the tube) during each revolution, but with a top window, only 
once, 

Shotogtcifj^lhs of the Flo/frie in <z Yeriiocil Tube, — ^That long tail 

is a reality, and that it rotates in the tube, is evident from the 
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follovdng experiments. A vertical glass tube, 30 cm. long and of 
28 mm. bore (2 mm. wall), was completely covered with black 
paper except for a 1 mm. horizontal slit round the semi-circum- 
ference on the optical axis of the camera lens. The lower end of the 
tube was rigidly jomed, by a conical copper tube (expansion 16 — ^28 
mm. over a length of 63 cm.), to a 16 mm.-bore lead tube about 6 m. 
long. The whole gallery was filled with the mixture 2 CO 2 + Og 
(containing about 1% of Hg) and firing was eflfected, as usual, by 
a spark near the closed end of the lead tube. The photograph 
of the flame, as it passed up the tube, was taken on a film moving 
at 60 m./sec. Two typical records are shown in Figs. 8 and 9. 
It is clear that, although the tube was invariably shattered by the 
explosion, the most luminous part of the burning gases had passed 
the slit before this occurred. 

If the head only of the flame had been rotating, the first recorded 
portion of the photograph would have been a well-defined point or 
short line followed by a general greyness of diminishing photographic 
intensity. The records, however, show a considerable nmnber of 
well-de&ied lines of alternate positive and negative slope, and these 
are evidently produced by the passage of successive portions of a 
long slender tail first across the front and then across the back of 
the tube. The regularity of the zig-zag lines also suggests that the 
whole length of the highly luminous gas is moving round the tube 
at a velocity which is approximately constant. 

The form of ike iaiL Since the head and the tail of the combustion 
are rotating in the tube, with the same frequency, it seems probable 
that the tail is the still-luminous track of the head, a very intense 
local burning near the wall of the tube. The tail, therefore, may 
occupy the exact position of the path traversed by the head, or its 
position and form may be modified by the movement of the gases 
of which it is the most luminous part. 

If, during an explosion, the gaseous mixture is, for the moment, 
assumed to remain at rest, and the head of the flame is traversing 
a helical path, the luminous tail would, at any instant, be helical 
in fonn — ^lilce a helical coil of wire lying in the tube. At a narrow 
horizontal window certain fixed points would be illuminated and 
should appear as vertical bars or striae in the photographs. It is, 
however, almost certain that the gaseous mixture is being carried 
forward in the same direction as the explosion wave, for incandescent 
dust particles are, in many experiments, apparently carried forward 
at velocities approaching 1000 m./sec. If this be the case, the helical 
path of the tail should also be carried forward and produce striae 
sloping in the same direction as the trace of the flame front. The 
records, how-ever, show striae which are never vertical but are either 
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horizontal or have a slight slope in the opposite direction, and it 
appears most improbable that a backward movement of the gases, 
sufficiently rapid to produce strise of this type and starting from 
the wave front, could take place. The hypothesis that the tail 
occupies the helical track of the head in gas which is at rest or moving 
parallel to the tube axis appears, therefore, to be untenable. 

We are inclined to the view that, if the gaseous mixture were at 
rest or moving only forwards or backwards in the tube, the track of 
the head would be parallel to and probably near the wall of the 
tube, and that the tail would be a long narrow pencil of burning gas 
also parallel, or nearly parallel, to the axis of the tube. This 
would cause a uniform exposure of the photographic film. If now, 
the gaseous mixture were set in rotation, the head and tail would 
both appear intermittently at a horizontal window; the photo- 
graphic trace of the head of the flame would be undulated, and each 
appearance of the tail would be recorded as a stria. 

If the luminous pencil remained parallel to the axis of the tube 
whilst the whole mixture was rotating at constant velocity, it 
should produce horizontal strise, and these have, in some cases, 
been observed. The striae are, however, more frequently slightly 
inchned to the horizontal, and their slope may be accounted for in 
one of two ways : either (a) the pencil of luminous combtistion is 
inclined to the tube axis, or (5) the rates of rotation of different 
parts of the burning gases are not identical. 

Some information on this point may be obtained by comparing 
the vertical distance on the film between the ends of a single stria 
with the width of a strip of film which would be affected by a 
luminous inclined rectilinear tail as it passed once across a narrow 
window. Each point on a rectilinear tail must, in rotating, pass a 
window at the same angular velocity as the head of the flame : the 
time of exposure t is therefore equal to where a is the 

length of arc visible through the window. Using a 3 mm. upper 
window in a 15 mm. tube, and neglecting the optical effects of the 
tube wall (which would still further restrict the field of vision), 
it is safe to assume that not more than one-quarter of the 
internal circumference is visible. Hence a/27cr<0-25 and therefore 
i<0‘26 X 45/1750 X 10■'^ ^.€.,<64 X 10“® sec. During this time a 
film travelliag at 50 m./sec. will be exposed over a vertical distance of 
64 X 10“® X 6 X 10^ = 0-32 mm. If, in addition, the tail should, 
at any moment, appear as a line inclined across the full width of the 
window, an additional strip of film, whose maximum width is that 
of the image of the window, will be exposed. In a typical experi- 
ment, where p = 0-06 and the window is 3 mm. wide, the additional 
strip will be 0*18 mm. wide, and the total maximum width of film 
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affected during the recording of each stria will be 0*32 -f- 0*18 = 0*50 
mm. The vertical distance on the film between the ends of a single 
stria usually measures 1*2 — 1*6 mm,, and it would therefore appear 
that, under the conditions of our experiments, a rectilinear tail of 
any possible slope cannot account for the production of striss 
having both great length and appreciable inclination. 

An alternative suggestion is that the pencil of luminous gas 
forming the tail is not rectilinear but is regularly distorted along 
its len^h so that it tends to assume the form of a hehx. This 
distortion might be produced by a constantly diminishing speed of 
rotation of the gaseous medium as its distance from the head 
increased. Successive portioils of this tail, therefore, would not 
appear at a horizontal window simultaneously but at successive 
time intervals, and would be recorded as sloping striae (Pig. 10). 
The smallness of the slope suggests that the deviation of the tail from 
a straight-Hne form is slight, i.e., that the helix is of great pitch. 
In those mixtures which do not allow of the formation of a long tail, 
the pitch of the tail helix may be so great that a complete turn may 
never occur. In other cases, the tail may be long enough for several 
turns of the hdix to be luminous at the same time, and, through a 
narrow upper window, the corresponding points on each turn of 
the hehx should be visible at any instant. The pitch of the hehx, 
in these cases, may be estimated, therefore, by drawing a horizontal 
hne — ^representing an instant of time — ^across one of the records so 
that it cuts two or more striae ; the length of the hne thus inter- 
cepted is a measure of the pitch of the hehx. Because of the lack 
of definition of the strise, the measurement is only approximate, 
but in one case the pitch so estimated was found to be 46 cm., or 
about 10 times the pitch of the path of the head of the flame. 

hisertion of a Coaxial Mod , — ^It was thought that some further 
information on the movements of the gases might result from 
experiments in which a glass rod was inserted into the tube coaxially 
with it, so as to offer to gaseous rotation an increased frictional 
resistance, while having a minimum effect upon any helical motion 
of flame in a still medium, if a propagation of this type took place. 

The tube was 15 mm. in diameter, and the rods were 60 — 60 cm. 
long and 5 — 10 mm. thick, A rod was supported centrally by short, 
thin copper vanes attached at each end ; these vanes offered only 
a slight resistance to the forward movement of the explosion. The 
mixture used was, in every case, 2CO + Og (contaimng about 1% 
of Hg),. and some of the^recDr<fe are reproduced in Figs. 11 — 14. 
When a 5 mm. rod was inserted, the forward velocity of the explosion- 
wave was quite unaffected, but, in the neighbourhood of the rod, 
the frequency of the striae was appreciably decreased. Before and 
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beyond the rod, the midulations and the striae had the normal 
frequency. When a rod of 8*3 mm. was used, its effect as an obstacle 
to the flame became evident, a strong pressure wave being reflected 
back through the burning gases from the end of the rod first en- 
countered by the explosion wave : the striae were not so well marked, 
and the flame velocity was not quite constant. A 9-5 mm. rod 
accentuated these effects, and the rod was shot from the tube, even 
though the end of the rod first encountered by the flame had been 
tapered to a point. A 10 mm. rod appeared to offer an insur- 
mountable obstacle to the normal propagation of the flame. The 
pressure wave was very intense, and the rod was ejected from the 
tube : the flame velocity fell to about three-fifths of its former 
value, and the strise were hardly visible. 


Table I. 

Effect of an Inseiied Bod on the Pitch of the Undulations. 
Diameter of Tube (D) = 14*7 mm. 


Diameter of rod, mm 

Distance between undulations. 

— 

5‘0 

8*3 

9*5 

10-0 

jD, mm 

LID 

44 

53 

55 

61 

indeterminate 

2-99 

3-61 

3-73 

4-16 

— 


The change in frequency of the striae at the point where the rod 
was originally placed is not very abrupt ; this may be due, in part 
at least, to the movement of the rod along the tube, for it was found 
dij0Scult to, make it very secure without using supports which were 
themselves -obstacles to the explosion wave. The frequency of the 
strise, however, becomes quite constant within a few centimetres, 
and is, in each experiment, much smaller in that part of the tube 
occupied by the glass rod than in the unobstructed portions of the 
tube. As the thickness of the rod is increased, the frequency 
of the striae diminishes and the pitch {L) of the undulations imder- 
goes a corresponding increase as shown in Table I. It appears 
reasonable to suppose that the narrower the annular space the 
greater will be the retarding effect of the viscous, frictional, or other 
forces on the speed of rotation of the gases, and the change in pitch of 
the undulations may indicate that such retardation has taken place. 

Effect of Tube Form on the Rotation of the Gases . — ^It has been 
shown (J., 1927, 1676) that in uniform cylindrical tubes having 
diameters of 8 — 19 mm. the distance between successive undulations 
is approximately proportional to the tube diameter. This distance, 
which may be identified with the pitch of the helical path traversed 
by the head of the combustion, depends on the period of rotation 
of the gases and on the forward velocity of the flame. Tor any given 
mixture the latter is constant, and therefore the period of rototibn 
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of the gases is proportional to the diameter, and hence to the cir- 
cumference of the tube. That is to say, the peripheral velocity of 
rotation of the gases in the flame front is approximately constant 
in tubes of different diameters. This explains the gradual decrease 
in frequency of the undulations observed when a flame travels 
towards the wider end of a conical tube (Fig. 1). 

The head, during each rotation in the wider part of the tube, 
traverses a longer path than the tail, which is still rotating in the 
narrower part : it will therefore appear at a horizontal window less 
frequently than points on the tail, and the end of the latter may 
become visible before the head passes across the window at a point 
nearer the wider end. Intermediate points on the tail will be similarly 
affected to a degree corresponding to the distance from the head, and 
the photographic records should show striae sloping in the same 
direction as the trace of the flame front ; such striae are seen in Fig. 1 . 

The hypothesis of gaseous rotation may also explain the record 
(Fig. 7 of the previous paper ; J., 1927, 1572) obtained when an 
explosion wave passes from a wide to a narrow tube. The velocity 
of the explosion wave remained unchanged, but the period of the 
undulations very rapidly became that characteristic of the narrow 
tube. The striae in the two sections of the tube are not independent, 
as would be the case if the flame travelled along a heHcal path in a 
quiescent medium. If the gases are rotating at constant peripheral 
velocity in the two sections of the tube, as has been suggest^ed above, 
the angular velocity of rotation will be greater in the narrow section. 
The change of velocity at the junction will, of necessity, be a gradual 
one, and the period of rotation of the tail will therefore be rmequal 
at various points along its length, decreasing towards the flame 
front. This would account for the great increase in backward slope 
of the striae in the first few cm. of the narrow section of the tube. 

Although the rotation of the medium would appear to account for 
the striae, certain questions still remain unanswered. It is, for 
instance, not yet clear how such rotation is initiated, what con- 
ditions are necessary for its continued existence, and whether the 
absence of striae when certain gaseous mixtures are employed is 
due to the absence of rotation or to the predominant effect of other 
factors. Such problems as these are at present under investigation. 

We should like to record our indebtedness to the Brunner Mond 
Besearch Fund, from which some of the apparatus has been pur- 
chased, and to the Department of Scientific and Industrial Eesearch 
for a grant which has enabled one of us (A. C. F.) to devote his whole 
time to the work. 

■UsiVBJEsiTy or Makohestbb. 


[Eecdvedt April 1928 .] 
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CCLXXVI.- -Equilibrium Diagram of the System 
Antimony-Arsenic. 

By Qasim All Mansubi. 

The fact that commercial antimony contains small quantities of 
arsenic suggested the possibility of the formation of antimony- 
arsenic alloys, and as no such alloys have been described, the 
present investigation was undertaken. 

Pre;paration of Materials , — Pure arsenic was prepared as described 
by the author ( J. Inst, Metals^ 1922, 28, No. 2) ; and pure antimony 
was prepared from the pure trichloride by conversion into oxychloride, 
which was dissolved in concentrated hydrochloric acid, distilled, 
reprecipitated, and reduced with sodium carbonate and potassium 
cyanide. 

Alloys , — ^Accurately weighed quantities of the two metals (40 — 
50 g. together) were placed in hard-glass tubes which were evacuated, 
sealed, packed in sand in an iron tube, and heated in an electric 
furnace, thorough mixing being effected by a rocking movement 
applied to the furnace when the metals were sufiBLciently mobile. 


Equilibrium diagram of the system arUimony--ar8enic, 



Sb 10 20 30 40 50 60 70 80 90 As 

Arsenic, %. 


Alloy Thermal arrests. 

No, As, %. 1. 2. 

1 — 632 ’’ — 

2 2-5 630 626° 

3 5 626 620 

4 7-5 622 612 

6 10 616 608 

6 11 614 607 

7 12 612 607 

8 13 605 

9 15 615 


Alloy 

No. 

As, %. 

Thermal arrests. 
1. 2. 

10 

17-6 

625° 

613° 

11 

20 

637 

615 

12 

25 

650 

624 

13 

30 

662 

630 

14 

40 

690 

654 

15 

50 

716 

680 

16 

60 

746 

710 

17 

70 

772 

745 

18 

80 

792 

778 


607 
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Thermal Analysis , — ^The temperature of the cooling alloy was 
recorded by a suspended mirror galvanometer and scale connected 
with a thermocouplej the hot junction being applied in close contact 
with the outside of the alloy tubes by means of fireclay. The rate 
of cooling was about 8° per min. at high temperatures and about 
6® per min. below 600®. A cooling curve was always repeated 
whenever there was any doubt as to its accuracy. HaK-minute 
readings gave the foregoing thermal arrests, from which the equil- 
ibrium diagram of the system was constructed. 

As none of the arsenic sublimed in the upper part of the glass 
tube or separated from the alloy, a chemical analysis of the alloys 
was considered unnecessary, and the composition was based on the 
weights of the two metals taken. The last alloy (80% As) was rather 
difficult to prepare, as the temperature required for its formation 
caused softening of the glass ; and higher alloys could not be pre- 
pared for this reason. 

The alloys freeze over a range of temperature and do not have a 
single sharp melting point. The first thermal arrest is the beginning 
of the freezing range and the second is the end. 

Micrographic Analysis , — ^Suitable pieces of the alloy, polished as 
described previously (Zoc. ciL\ were etched with ammonium sulphide 
and photographed, but owing to rapid oxidation of the surfaces the 
photographs are not suitable for reproduction. All the alloys 
proved to consist of a single constituent with a certain amount of 
coring; in the 80% arsenic alloy, fairly large six-sided crystals were 
observed. 

Summary. 

1. Arsenic and antimony alloy in all proportions. 

2. They form solid solutions but no chemical compound. 

3. The alloy containing 13% of arsenic freezes at the low^est 
temperature. 

AiiiGABH Muslim Univebsity, 

Alioabh, India. IBeceived, February 21th, 1928.] 


(XiLXKVJl.-^oUoidal Platinum. PaH IV. The 
Existence of Hexdhydroxyplatinic Acid in 
Colloidal Platinum Solviions. 

By Stuabt W. PuirarrcuioK. 

Ik Paxi) ni (this vol., p. 551) it was shown that solutions of coEoidal 
plaimum, when prepared by the Bredig method and with extreme 
precautions, contain a free strong acid which remains in solution 
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after the platinum has been coagulated. Those results are now 
confirmed, and evidence is produced that the strong acid is hexa- 
hydroxyplatinic acid. 

Preparation and Procedure, — ^The colloidal platinum was made in 
water of specific conductivity (k) less than 04 gemmho, and with 
the precautions previously outlined. Only relatively fresh sols were 
used, i.6., those not more than a week old. After preparation, the 
sol was boiled for 20 minutes (unless otherwise stated) and then 
kept in the ice-box to minimise further changes. After 2 days the 
larger suspended particles appeared to have settled out, for the 
results outlined in this paper were not appreciably altered when the 
sols were centrifuged. 

The titrations were carried out as described in Part 11 (J., 1927, 
2600). The bases used were exactly O-OOIA", and were kept in 
waxed bottles. A simple manipulation allowed of the transfer of 
the base to the titrating pipette and thence to the cell, without 
any contamination by atmospheric carbon dioxide. 

Isolation of the Free Acid, — ^The evidence (Part III, loc, cit,) 
clearly indicated that the free acid was a strong acid, comparable in 
strength with hydrochloric acid. The titration curves (Part II) 
were, however, not strictly comparable with curves of strong acids, 
and the author concluded from such titrations that platinum sols 
were really unique, and that they cannot strictly be compared 
either with strong or with weak acids.’’ This apparent contradic- 
tion makes it fairly evident that the platinum particles themselves 
play a disturbing part during neutralisation of the platinic acid by 
the base. 

Now, if the platinum sol is frozen into a solid block (from the 
outside to the centre), and then re-melted, the whole of the metal 
is completely precipitated. The solution remaining is not only as 
clear as water, but after standing or centrifuging, it shows no ultra- 
microscopic evidence of any rem ainin g suspension. The conductivity 
of the clear solution is generally about 25% less than that of the 
original sol. This decrease is probably due to the smaller solubility 
of the free acid at the lower temperature. The original (and in fact 
a much higher) conductivity can be obtained by re-boiling the sample 
containing the coagulated platinum. The higher conductivities 
so obtained indicate that some of the platinic acid forms part of the 
colloidal particle. The coagulation by freezing is strictly irrever- 
sible. 

Sols from which the platinum has been removed by freezing, 
are designated throughout this paper as coagulated (frozen) sols.” 

Titration of the Acid in the Coagulated {Frozen) Sol, — ^The acid 
being thus isolated, attempts were made to identify it ; but owing 
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to the small quantity present (about 8 mg./l. in an ordinary sample), 
trustworthy quantitative methods were extremely difficult to apply. 
Titration of the coagulated (frozen) sol with various bases, however, 
would definitely test the previous evidence in favour of the acid 
being a strong acid. This would not only give some indication of 
the nature of the acid present, but a comparison of the titration 
curves with those obtained by the titration of the original platinum 
sol would afford some information as to the action between the 
added base and the colloidal particles. 

Different samples of the coagulated (frozen) sol, oi k = 10 — ^24 
gemmhos, were accordingly titrated at 30® with calcium, barium, 
sodium, and potassium hydroxides. Since the first two bases gave 

Table I. 

[N — normality of added base, JCa(OH)2.1 


Coagulated (frozen) Hexahydroxyplatinic 


sol-Ca{OH),. 

aeid-Ca(6H)2. 

H2SO4- 

-Ca(OH)2. 

N X 10«. 


N X 108. 

'fso** 

N X 10«. 


— 

15*66 

— 

15*68 

— 

15*73 

160 

11*48 

9*7 

12*77 

13*1 

11*88 

23-6 

9*20 

17*8 

10*34 

24*2 

8*69 

320 

7*40 

24*8 

8-40 

30*2 

7*08 

38*8 

7*27 

29*4 

7*26 

34*7 

6*43 

45*6 

8*29 

36*0 

6*83 

43*2 

7*57 

53-8 

9*90 

40*4 

7*46 

50*9 

9*16 

61*6 

11*71 

48*0 

9*06 

60*0 

11*48 

71-3 

14*06 

65*5 

10*85 

67*4 

13*46 

78*6 

15*89 

62*8 

12*74 

71*6 

14*53 

87-2 

18*05 

71*2 

14*87 





Table II. 




(N 

== normality of added base,) 


Coagulated (frozen) 





sol-NaOH, 

Pt sol-NaOH. 

Pt sol-Ca(OH)2. 

N X 10«. 

'fso'- 

N X 10«. 

'fao-* 

N X 108. 

W 

— 

15*96 

— 

16*16 


15*82 

15-1 

11*64 

16*0 

11*91 

12*7 

12*94 

25-5 

8*79 

29*5 

8*47 

26*2 

10*28 

35*7 

6-70 

38*1 

6*81 

37*1 
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similar results, only those for calcium hydroxide are shown; 
and for a like reason the results of the last two bases are illustrated 
by sodium hydroxide (see Tables I and II, and Fig. 1, Curves 1 and 
2 ). The two curves are similar in shape and have almost the same 
minima, the sharpness of which is characteristic of titration curves 
of strong acids ; moreover, weak acids give different types of curves 
with these two bases (see J., 1927, 2609). The sodium hydroxide 
curve shows the lower minimum, as would be expected from the 


Fig. 1. 



mobilities of the sodium and calcium ions, viz., 58-3 and 69-96, 
respectively (see H. S. Taylor, A Treatise on Physical Chemistry,’’ 
1924, p. 540). In each case the end-points agree satisfactorily with 
those calculated from the initial conductivities and ionic mobilities. 

From this evidence one can conclude quite definitely that the free 
electrolyte present in platinum sols is a strong acid, and in view of 
the method of preparation it must be a platinic acid. Now only one 
such acid is known, viz., hexahydroxyplatinic acid, H 2 Pt(OH) 0 , 
prepared and investigated by Wohler (Z. anorg. Ghem., 1904, 40,423) 
and by Bellucci {ibid., 1906, 44, 168). These authors show that it 
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IS a strong dibasic acid, more stable than the corresponding chloro- 
platinic acid, and that its salts undergo no hydrolysis at 25®. It 
therefore seemed probable that this was the acid formed during the 
preparation of platinum sols, but since it is described as being 
insoluble, an investigation of its solubility limits and its titration 
curve was necessary in order to strengthen this conclusion. 

Preparation and Titration of Hexahydroxyplatinic Acid . — ^The 
acid was prepared by boiling chloroplatinic acid with excess of 
10% sodium hydroxide solution, diluting the product, and neutralis- 
ing it with acetic acid in the cold (see Bellucci, loc. cit). The result- 
ing white or yellowish-white precipitate was washed very thoroughly 
with conductivity water, being warmed with successive additions 
of 500 c.c. of the water for the final washings. The purified material, 
when heated to 60® with excess of conductivity water, gave an acid 
solution having /fgQ. = 7*5 gemmhos, which increased to 36 gemmhos 
after 40 minutes^ boiling in a borosUicate flask. Platinum sols 
when boiled for the same time in the same way showed a specific 
conductivity of about 25 gemmhos. (Various samples of con- 
ductivity water were subjected to the same treatment as controls, 
and always showed k< 0*9 gemmho.) ' It is thus evident that the 
solubility of the hexahydroxy-acid (on boiling) is quite sufficient 
to account for the conductivity of the platinum sols (also on 
boiling). 

A complication now arises, however. Wohler [he. cit) has shown 
that the white hexahydroxy-acid, which may be formulated as 
Pt02,4H20, loses 1 mol. of water on boiling and gives an ochre-gold 
trihydrate, which is also probably a strong acid corresponding to 
H2K0(0H)4. On prolonged boiling or on heating in the dry state, 
it is further dehydrated to the brown Pt 02 , 2 H 20 and then to the 
monohydrate, but the final molecule of water is very difficult to 
remove. These changes take place in the insoluble portion of the 
acid, but it is not known whether they also occur with the dissolved 
acid ; it is certain, however, that the conductivity of the supernatant 
liquor is increased during these changes in the precipitate. 

Owing to the above changes, the solubility product of the hexa- 
hydroxy-acid could not be determined. Also, the reason why the 
sample of hexahydroxy-acid was not boiled during the washing is 
now apparent. 

if the ochre-gold product, or even the brown product, or a mixture 
of the two, be boiled with conductivity water, some passes very 
slowly Into solution. Different samples of these solutions at widely 
varying stages of boiling were titrated with sodium and calcium 
hydroxides, and in every case the shape and position of the curves 
showed the solution to be that of a strong acid. Only one set of 
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results is given, viz., that of the once-boiled hexahydroxy-acid * 
(boiled 25 minutes) when titrated with calcium hydroxide (see 
Table I and Kg. 2). This curve compares very closely with the 
corresponding curve for the coagulated (frozen) sol shown in the 
same figure. It is quite probable that a small and imdetected amount 
of colloidal platinum remains in the coagulated (frozen) sol despite 
the freezing process. This platinum would cause a slight displace- 
ment in the titration curve which would account for the small 
divergence in the two curves. 


Fig. 2. 



In order to estimate the experimental error involved in the 
titration of these acid solutions of such low concentration, a very 
dilute sulphuric acid solution, stored and handled in exactly the 
same way as one of the previous solutions, was titrated with calcium 
hydroxide. The results are in Table I and Kg. 2.- The normality 

Although this solution was considered to be the most comparable with 
the platinum sols (boiled 20 minutes}, the boiled solutions of the lower bydrat^ 
(e.gf., Pt0a,2H20) showed titration curves whose turning points-eonfeapond^ 
very closely indeed to that of the hexahydroasy-acid, ^ 
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calculated from the initial specific conductivity is 0*000034, and 
that read from the curve is 0*000036. The conductivity at the 
turning point is calculated from the mobilities as 6*4 gemmhos, 
whereas the observed conductivity is 6*4 gemmhos : this difference 
may be attributed to the unavoidable contamination during boiling 
and handling. 

Titration of the Platinum Sol . — ^Results for the titration of platinum 
sols have already been published (J., 1927, 2600), but they were 
repeated on material prepared in such a way that the curves should 
be strictly comparable with those obtained from the coagulated 
(frozen) sols. A sample (800 c.c.) of the pure sol was prepared in 
the usual manner and divided into halves ; one half was frozen, 
and the subsequent solution formed the coagulated (frozen) sol, 
whilst the other half was titrated directly with sodium and calcium 
hydroxides (see Table II and Pig. 1). Comparison of these curves 
with those for the free electrolyte itself (Curves 1 and 2) shows the 
part played by the platinum particles when the sol is titrated. 

Discussion. 

The foregoing experiments afford strong evidence that the free 
acid present in platinum sols is the strong hexahydroxyplatinic acid, 
probably in conjunction with some of its lower hydrates. Further, 
the conclusion that some of the platinio acid forms part of the 
colloidal particle is strengthened by the following direct evidence. 
If the sol be siphoned over from the dregs soon after preparation, 
and then centrifuged, the conductivity on boilmg increases markedly 
— from approximately 6 to 25 gemmhos, or even higher. As has 
been shown, the whole of this conductivity can be ascribed to the 
strong acids present, and these must have separated from the colloid 
particle duidng boiling. It might be suggested that the acid is 
really formed during boiling by the oxidation of the finely divided 
particles, but this is not so, for on continued boiling (without loss 
of volume) a maximum conductivity of approximately 39 gemmhos 
is reached after about 8 hours — ^further boiling gives no further 
increase but ultimately causes coagulation. Also, if the preparation 
and the boiling take place in an atmosphere of nitrogen, exactly the 
same results are obtained. We must conclude, then, that the 
boiling actually liberates the acid from the colloid particle. Further, 
if a sol with a specific conductivity of 17 gemmhos is centrifuged, 
coagulated by freezmg, and then boiled for 2 hours, the conductivity 
increases to about 28 gemmhos, thus leading to the same conclusion. 
Ihcidentaily, it may be mentioned that if the dregs from the 
original preparation be washed in the cold, and then boiled with 
conductivity water, the very small conductivities obtained, about 
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5 gemmhos, indicate that very little acid is carried down by the 
dregs. 

IVom the total evidence produced, the author interprets the 
formation of the coUoid particles in the following way. During the 
sparking process and the atomisation of the platinum, some oxidation 
occurs, probably at one of the poles, with the formation of molecules 
of hexahydroxyplatinic acid. The anions of the strong acid con- 
dense with platinum atoms to build up aggregates of Pt-H 2 Pt(OH)g. 
Each particle thus acts as a multivalent acid micelle of perhaps very 
high valency. The acid molecules, or at least those at the surface 
of the particles, tend to ionise. The ionisation of such a multi- 
valent micelle is still open to investigation, but we can well imagine 
that such ionisation would be relatively slight owing to the big 
residual charge that would result. As, however, the bound acid is a 
strong acid, the tendency to ionise will be particularly great, and the 
result may be interpreted as a dynamic equilibrium at the surface 
which gives rise to the so-called double layer. 

We are now in a position to discuss the titration curves shown in 
Pig. 1. The wide divergence between the Pt sol-Ca(OH )2 curve and 
the corresponding coagulated (frozen) sol-Ca(OH )2 curve is very 
striking, and indicates that the colloidal platinum particles remove 
considerable quantities of calcium hydroxide. In the absence of 
evidence to the contrary, the most satisfactory explanation of the 
removal of the base appears to be the simplest chemical explanation, 
viz,, that on the gradual addition of calcium hydroxide to the 
platinum sol, the greater part of the base is neutralised by the free 
platinic acid, but a small amount is neutralised by the acid at the 
surface of the colloid particle. This proceeds until the whole of the 
free acid is neutralised, up to, say, the point B on Curve 3. Any 
further base is then completely neutralised at the surface of the 
particles to form the calcium salt of the hexahydroxyplatinic acid 
which is bound at the surface. The early coagulation of the platinum 
after the point C indicates that the tendency of the micelle to ionise 
is not very great, i.e., that the double layer at the surface is dis- 
appearing. 

At the points B and D, we have the same quantity of calcium 
hexahydroxyplatinate present — assuming that none has diffused 
away from the colloid surface in the case of the point D. Further, 
since the conductivities at these two points are the same, and calcium 
hydroxide is the only other electrolyte present, it follows that the 
difference in concentration at E and D represents the amount of 
base removed by the colloid particles. This difference is 0*000091A/', 
and the surface acid neutralised by this excess of base would also be 
represented by O-OOOOSIAT, which in the free state would give rise 
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to a conductivity of 39 gemmhos. When the sol was boiled till it 
gave a maximum conductivity, the total increase found, due to the 
liberation of the bound acid, was only 23 gemmhos. The diflferenoe 
of 16 gemmhos may be due to the boiling process not liberating the 
whole of the acid, or perhaps to the solubility limit of the hexa- 
hydroxy-acid, the highest conductivity found for the boiled hexa- 
hydroxy-acid being of the order 36 gemmhos. 

The Pt sol-NaOH curve (Fig. 1) is essentially different. The 
relative sharpness of the turning point and the high coagulation 
concentration indicate that the double layer is more difiS.oult to 
destroy, and that therefore the sodium salt at the surface of the 
micelle ionises more freely. Speaking generally, we may say that 
the greater coagulating power of bivalent bases is due to the formation 
on the micelle of surface salts, which when so held show a smaller 
tendency to ionise. This is in keeping with the well-loiown fact 
that bivalent bases are less ionised than univalent bases at com- 
parable concentrations. 

Two further circumstances may be emphasised. (1) The platinum 
sol was generally prepared in a stream of carbon dioxide-free air, 
but this atmospheric oxygen was not responsible for the oxidation 
of the platinum to the hexahydroxy-acid during sparking, for a 
preparation carried out in a stream of nitrogen gave strictly com- 
parable conductivities, and on boilir^ and titration (in a stream of 
nitrogen) the same set of curves was obtained. (2) If the freezing 
mixture used during the preparation be dispensed with, and the 
sol be allowed to become warm, there is always more platinum 
wastage and a much weaker sol results. This cannot be ascribed 
to coagulation by heat, for platinum sols can be boiled quite 
safely for several hours, Now it has been shown that hexahydroxy- 
platinio acid must be prepared in the cold, and it would therefor© 
appear that the initial preservation- of the acid (by the us© of a 
freezing mixture) is essential to the preparation of a strong stable 
sol. 

Summary.^ 

The existence of a strong (free) acid in colloidal platinum sols 
has been verified by coagulating the platinum by freezing and then 
fitrating the remaining clear solution. 

It is believed that there is present either the strong hexahydroxy- 
piatinic acid or a mixture of this acid with some of its dehydrated 
forios; * ’ _ . ' 

* “JfVtdeBoe is produc^-that the hexahydroxy-acid enters into the 
structure of the oolloid particle, and it is suggested that ionisation of 
the itofaoe acid accounts for the stability of the colloid. 
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Coagulation of platinum sols by bases is discussed in terms of the 
neutralisation of this surface acid. 

The author is very much indebted to Mr. A. E. Scott, B.Sc., for 
the preparation of the sample of hexahydroxy-acid used in this 
work. 

The TIniveesity op Adelaide, 

South Austealia. [Received, April ZOth, 1928.] 


CCLXXVIII . — The Pectin and Hemicelluloses of the 

Flax Plant 

By Stanley Thomas Hendeeson. 

On the constitutive problem of the plant pectins the most important 
papers are those of von FeUenberg {Biochem. Z,, 1918, 85, 118), 
Ehrlich {ibid,, 1926, 168, 263; 169, 13), and Nanji, Paton, and 
Ling (J. Soc. Chem, Ind., 1926, 44, 253t). Von FeUenberg and 
Ehrlich extracted their material from plants by water boiling under 
pressure, whereby products were obtained differing considerably 
from th 6 “ ammonium oxalate pectin ” described in the present 
work, 

1. The Ammonium Oxahte Pectin , — ^Flax fibre separated 
mechanicaUy from the unretted straw was extracted with hot 
dUute (0*5%) ammonium oxalate solution, and the pectin worked 
up in the usual way, the characteristic methoxyl groups being 
removed by alkaline hydrolysis. There remained a. substance 
which from analysis and properties was galactosetetragalacturonic 
acid, (OgHioOsjiCeHgOe — HaO)«. This has roughly the same 
ultimate composition as the hypothetical galacto-arabino-tetra- 
galacturonic acid, C 35 H 50 O 33 , considered by Nanji, Paton, and Ling 
to represent the demethylated form of the pectin complex. But 
the calculated amounts of carbon dioxide liberated from the ' ‘ -uronic 
anhydride ’’ groups by boiling hydrochloric acid {d 1*06) are, respect- 
ively, 20*7 and 17-6% for these two molecules. Some of Nanji, 
Paton, and Ling’s estimations did, in fact, approach the higher 
figure, and in the present work it was observed that the yield of 
carbon dioxide rose steadily to 20-9% with repeated purification of 
the pectin. Nanji, Paton, and Ling evidently did not complete 
the separation of the pectin gel from adsorbed carbohydrate pro- 
duced, presumably, by hydrolysis of the original pectin complex* 

It appeared impossible by precipitation methods to render the 
pectin free from inorganic matter and a smaU residual methoxyl 
content. A copper salt was prepared in an attempt to obtain a 
4a 



2118 


HilNDHItSOlSf : 


more nearly homogeneous product. Determinations of -uronio 
anhydride ’’ on the copper salt were, however, very variable, but the 
(Quantities of carbon dioside evolved in the reaction were large 
enough to rule out the possibility of any non-carboxylated residue 
in the molecule. This therefore appeared to be 
3(0eH7O6)2Cu»2C6H30e,4H2O. 

Hydrolysis of the ammonium oxalate pectin with boiling dilute 
sulphuric acid gave an almost insoluble polygalaoturonic acid, 
(OgHgOe);! or (406Hg06,H20);i. From this reaction were also 
obtained a small amount of a soluble acid, giving a soluble barium 
salt, and a syrup containing arabinose, galactose, and a little fer- 
mentable hexose of unknown origin. The arabinose in the syrup 
might arise from adsorbed pentose (see above), or from partial 
decarboxylation of galacturonic residues. 

A better jueld of the polygalaoturonic acid resulted from hydro- 
lysis with 1% hydrochloric acid. A highly purified specimen (A7) 
agreed with the formula (OgHgOg)^. Besides this main substance 
the same barium salt was obtained as in the sulphuric acid hydro- 
lysis. 

EhrKch described two ** digalacturonic acids ’’ derived by hydro- 
lysis of the ^‘pectio acid” of sugar beet, namely, insoluble 
2CgH80g,H20 {a) and soluble 2CgH80g (b). From his flax peotic 
acid,” only the soluble 6-acid could be produced. In the present 
work the main yield closely resembled his ci-acid in properties. 
Differences in molecular weight or configuration may be involved. 
Exception may reasonably be taken to some of EhrHch’s results, 
for in determining the equivalent of “ digalacturonic acid 6 ” from 
flax pectin he recorded titrations differing from the calculated value 
by 22, 26, and 31% for three separate preparations, although the 
ash content of the material, to which these discrepancies were 
attributed, was less than 1% in the single instance where it was 
determined.* 

For simplicity it has been assumed in the above discussion that 
the carboxylated groups in pectin and its hydrolysis product are 
entirely galacturonic acid and not glycuronic residues. This has 
been indirectly demonstrated by the workers already mentioned, 
although direct quantitative proof is lacking. 

2, Hemicdluloae es^raeted by Water under Pressure, — ^When flax 
fibre or straw, after a preliminary leaching with hot water, was 
subjected to the action of water under pressure at temperatures 
between 100*^ and 146^, various soluble substances were extracted 

■ * In. a went 'ijesoriptive paper (Z. ang&w, 1927,f 40^ 1305) Ehrlich 

has discarded these ** digalacturonic acids ** in favour of his earlier views on 
** tetragalactiu’onic acids.’* 
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in the form of calcium-magnesittm salts. This was Ehrlich’s method 
of preparing “ calcium magnesium pectate ” from whole flax straw, 
but the chemical and genetic relations between the non-gelatinous, 
easily soluble ‘‘ pectic acid ” so derived and the ammonium oxalate 
pectin are obscure. It appears desirable, if only for convenience of 
description, to restrict the term pectin ” to gel-forming substances 
of high carboxyl content such as the “ ammonium oxalate pectin.” 

Even when purified from adherent tissues, waxes, pectin, and 
free hemicelluloses, flax fibre stiU contained caxboxylated hemi- 
cellulose (CO 2 , 5-2%) soluble in water under pressure (Cashmore, 
J., 1927, 718). The distinction between pectin and non-pectio 
hemicelltilose was evident in this case. The salts and acids resulting 
from pressure extraction will therefore be referred to as carboxylated 
hemicellulose, or non-pectic hemicellulose. 

On the question of the possible derivation of non-pectic hemi- 
cellulose by degradation of pectin, no definite evidence can be given, 
except that the autoclave treatment for removal of hemiceUulose 
left behind no pectin soluble in ammonium oxalate. On the other 
hand, purified ammonium oxalate pectin heated with water under 
similar conditions was converted into a syrup with no recognisable 
constituents except -uronic residues. 

In the present work, two preparations of hemicellulose were 
made from unretted flax fibre, and one from unretted flax straw. 
The first two agreed fairly well ynth the emi?irical formula CgHioOg, 
and yielded 5-6 and 4-S%, respectively, of -uronic ” CO 2 . 

The extract from whole straw was first purified and analysed as 
a calcium magnesium salt with 9*7% of -uronic carbon dioxide. 
Conversion into the free acid lowered this value to 6-04%.* Oiiee 
again, however, the acid corresponded to the formula 
Part of the material obtained by repeated extraction of the straw 
at higher temperatures gave only 2-74% of carbon dioxide. Ehr- 
lich’s so-called “ pectic acid ” from flax had a higher oxygen content 
and 13-0 and 13*&% of -uronie carbon dioxide. These varied 
figures suggest that mixtures of hemicelluloses were produced by 
pressure extraction. The calcium magnesium salt from straw was 
a soluble, amorphous powder agreeing closely with the formula 
(C6H,06)iC!aMg,(CeHioOs)6,H20. 

3. Heax^mtomn from Flax Straw, — ^The yield of calcium mag- 
nesium salt was less lian 2% on the weight of straw. A more 
abundant product (5%) was a solid hexopentosan free from -uronio 
residues. Pentose estimations indicated th6 presence of equivalent. 
ATTifninfa of hexosan and pentosan, and hydrolysis gave gahM^tO&d, 
arahinose, and xylose, also a small amount of fermentable 
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Note on the Estimation of Pectin, 

Since hemicelluloses without the gel-forming characteristics of 
pectin may contain -uronio groups, it is clearly inadmissible to 
estimate pectin in flax straw or fibre, or in other tissues containing 
cellulose, by determining the carbon dioxide evolved on boiling 
with hydrochloric acid {d 1*06). !For example, ripe unretted flax 
fibre separated mechanically from the straw contained 7*0 to 7*8% 
of -uronic anhydride in several samples, whereas the pectin found 
by the precipitation method (Biochem. J 1922, 16, 60) was only 
4*6 to 5%. This fibre, when all adherent tissues had been removed 
by repeated treatment with hot soap solution, still contained 1’6% 
of -uronic anhydride in the cleanest sample examined. After 
ammonium oxalate extraction this value fell to 1*3% (compare 
Cashmore, loo, cit), A further source of error is the carbon dioxide 
derived from oxy celluloses under the conditions of estimation. 

In Carry’s method of estimation {Ann, Bot, 1925, 39, 811) the 
pectin is extracted by boiling Jf/76-hydrochlorio acid, and pre- 
cipitated as a calcium salt. This process applied to clean flax 
fibre lowered the -uronio anhydride content from 1*9% to 0*3%, 
but the calcium salt amounted to 0*03% only. Further extraction 
with boiling Jf /100-sodium hydroxide to remove middle lamella 
pectic substance left the -uronic anhydride content unchanged 
at 0-3%. 

Experimental. 

1. Ammonium Oxalate Pectin, — ^The straw used was ‘‘ J. W. S.” 
flax pulled when ripe ; the fibre was removed by breaking, scutching, 
and hackling without retting. Tannins and other soluble substances 
were removed by one or two extractions with water at 80 — 90° for 
a few hours. 

One extraction lasting about 7 hours with ammonium oxalate 
solution (0*5%) at 80 — 90° was sufiBLoient to remove most of the 
pectin. 100 G. of fibre, or tow from the hackling, required about 
1 1. of liquid. After extraction the filtered liquid was precipitated 
by an excess of alcohol to give a pale yellow gel. The solid was 
finally squeezed nearly dry ” in a linen cloth, redissolved in water 
to not more than 0-5% concentration, reprecipitated by alcohol 
with a little hydrochloric acid, and so on. Hydrolysis of methoxyl 
groups was effected by making the aqueous solution of pectin alkaline 
(2S'/40 in HaOH) and leaving it for about 18 hours at room tem- 
perature before adding acid and alcohol. Finally, the gel was 
macerated with 90% alcohol, then with alcohol and ether, and dried 
to constant weight in a vacuum over phosphoric oxide. The dried 
product was pale cream in colour, granular and hard to powder, 
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and very slowly soluble in cold water. Excess of acid precipitated 
it from aqueous solutions, and salts of the alkaline earths at once 
produced colourless gels. ToUens’s naphtharesorcinol reagent gave 
a violet ethereal extract indicating the presence of galacturonic (or 
glycuronic) groups. Oxidation with nitric acid (d 1-16) on the 
water-bath gave a small yield of mucic acid presumably derived 
from the galactose residue, for experiments on polygalacturonic 
acid failed to produce mucic acid except by the slow action of con- 
centrated nitric acid. 

Two samples were analysed : (a) six times precipitated, and 
twice hydrolysed in .N'/40-sodium hydroxide : ash, 1*5%; (6) ten 
times precipitated, and five times hydrolysed in .ftT/iO-sodium 
hydroxide : ash, 0-9%. Found, on ash-free basis : (a) 0, 41*8, 
42*2, 41*8; H, 6*0, 4-6, 6-0; COg from -uronic anhydride, 19-7, 
20*3, 19*7. (b) C, 41*4; H, 5*1; COg, 20*9; OMe, 0*77; equiv. 
by back titration with phenolphthalein as indicator, 228*6. 
C'6®‘10®5 j(^ 6®8^6)4 S-20 = C3QH4QO28 requires C, 42*4; H, 4*8; 

COg, 20*7%; equiv., 212*1; one methoxyl group per molecule 
requires OMe, 3*6%. C30H42O29 requires C, 41*6; H, 4*9; CO2, 
20*3% ; equiv., 216*6. A thrice precipitated sample, not hydro- 
lysed, gave OMe, 2-2 ; OOg, 19*3%. 

2. Copper Salt — Pectin purified by several precipitations and 
hydrolyses was dissolved in water at 70 — 80° to give a solution of 
about 0*3% concentration, to which was added one-tenth of its 
volume of i^-acetic acid, followed by twice this amount of Af-copper 
sulphate solution. The mixture was stirred and heated at 80° for 
an hour, and the gelatinous copper salt was separated, washed 
free from soluble copper compounds with large quantities of very 
dilute, hot acetic acid and then with hot water, alcohol, and ether 
in succession, and dried to constant weight in a vacuum over phos- 
phoric oxide. It formed hard, granular masses of a bright green 
colour. Not more than about 4 g. could be conveniently prepared 
in one operation [Found : 0, 34*3 ; H, 4*2 ; Cu, 11*3 (mean of seven 
combustions on three different preparations) . (C6H703)8H2Chi3,4H20 
requires C, 34*6; H,4*0; Cu, 11*45; 002,21*1%. 

CeHioOs, (O3H7O0)4 Ou2,3H2O 

or C3oH3e028Cu2,4H20 requires C, 34*5; H, 4*25; Cu, 12*2; COg, 
16*9%]. 

The -uronic anhydride estimation gave values for COg varying 
from 18*0 to 19*8%, and concordant results could not be obtained 
for any single sample. Takmg the elementary analyses and the 
maximum value found for COg, it is possible to deduce the formula 
C32H46O35OU2, containing jSve -uronic groups. The number of carbon 
atoms could hardly be explained by the presence of methoxyl 
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groups, for a determination by Zeisel’s method yielded no trace of 
silver iodide. 

3- Hydrolysis of Pectin by Sulphuric Dry pectin (16 g.) was 

softened by heating with water and then made up to 900 c.c. of 
liquid containing 2% of sulphuric acid. After 15 hours’ refluxing, 
the residual gelatinous precipitate (Al) was separated and the hot 
liquor was treated with excess of barium carbonate and norit, 
filtered, and concentrated under reduced pressure to a syrup. This 
syrup was thoroughly extracted with boiling 90% alcohol. Part 
was insoluble (B, about 0*6 g.) and the extracts were again concen- 
trated to a syrup (C), which was dried (1*7 g.) over sulphuric acid in 
a vacuum. Al was purified by three precipitations from dilute 
soda or ammonia solution by dilute hydrochloric acid with norit 
treatment. The solid was washed with dilute hydrochloric acid, 
water, alcohol, and ether, and dried over phosphoric oxide in a 
vacuum, 3 rielding 1-3 g. of polygajacturonic acid as a colourless 
powder (see below). Shorter periods of hydrolysis produced greater 
yields of polygalacturonic acid. Pectin (5 g.) boiled for 2 hours with 
500 c.c. of 2% acid gave 0*88 g. (A2), and 10 g. in 600 c.c. of 3% 
acid gave 2*75 g. in 5 hours (A3). 

B, a barium salt, was three times precipitated from aqueous 
solution by alcohol with a little acetic acid to cause flocculation 
(Found : “ -uronic ” CO 2 , 12*14%. Compare barium salt from 
hydrolysis with hydrochloric acid). 

C contained arabinose (identified by the diphenylhydrazone, m. p. 
196°), and a larger amount of galactose (a-methylphenylhydrazone, 
m, p. 182°). Melting points were always checked by the “ mixed 
melting point ” with an authentic specimen. No xylose could 
be detected in C by Bertrand’s cadmium xylonate test, no 
ketose by Pinoff’s test, and no methyl pentose by Rosenthaler's 
test- 

The syrup, tested in dilute solution for (i) total reducing sugars 
by Pavy’s method and (ii) hexose fermentable by yeast at 35° in 
Lohnstein’s apparatus, showed the presence of 7*4% of fermentable 
hexose on the total reducing sugars. 

4. Hydrolysis of Pectin by Hydrochloric Acid. — ^Dry pectin (10 g.) 
was dissolved in about 400 c.c. of hot water containing 30 c.c. of 
JT-sodium hydroxide to assist solution. Sufficient concentrated 
hydrochloric acid having been added to make the solution of 1% 
concentration after neutralisation of the soda, the whole was heated 
on the water-bath aud the gel was separated and purified as before. 
The -yields, of dried acid' from 10 g. of pectin were ; A4, 8 hours’ 
heating, 3*5 g. ; A5, IJ hrs., 2*75 g. ; A6, 1 hr., 3*85 g. Part of the 
solid prepared by hydrolysis with hydrochloric acid was heated for 
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a further 2 hours in fresh 2% hydrochloric acid, repreoipitated three 
times, and dried (A7). 

Polygalacturonic acid. The samples so prepared were ahnost 
colourless, amorphous powders, slightly soluble in hot water but 
insoluble in cold water and in the usual organic solvents, soluble in 
caustic alkali or hot ammonium oxalate solution. The substance 
reduced Fehling’s solution on warming and gave a strong positive 
naphtharesorcinol reaction. Heated with concentrated nitric acid 
on the water-bath, it gave a small amount of mucic acid, m. p. 211° ; 
this product was not obtained by treatment with dilute nitric acid, 
or with bromine and 6% hydrobromic acid in a sealed tube at 100°. 

The sodium salt, a stilS, colourless gel, or granular powder when 
dried, was prepared by adding the acid to less than an equivalent 
amount of JST'/lO-soda, filtering the solution, and precipitating the 
salt three times from an aqueous solution by alcohol. 

A sample of A4, carefully washed after five precipitations and 
dissolved in an excess of JM^/lO-sodium hydroxide (0-2343 g. in 20 
c.o,), .gave + 334° and Mg; green + 376°.* The highest 

value recorded by Ehrlich is [a]g* + 285° {Z. angew. Chem,, 1927, 
40, 1306), Found, on ash-free basis : 


Sample. % C. % H. %-uronio COg. Equiv, 

A4: 38*7 4-9 22-9 187 

2C fiHaO A, HjO requires,,. 38-9 4*9 23*8 185 

A2 39*7 4*8 23*7 — 

A5 and A6 (mean) 40*0 4*9 24*2, 22*5 194 

40eH80e,HaO requires... 39*9 4*7, 24*4 180*5 

A1 and A3 (mean) 40*8 4*6 25*0, 24*5 — 

A7 (mean of three) ■ 40*7 4*3 24*8 185 

C^HsO 8 requires 40*9 4*6 25*0 176 


The molecular weight of the sodium salt in 2*5% aqueous solution 
was 292, but the ice separating seemed to be contaminated with , 
gelatinous matter. 

In the A5 experiment, a barium salt was isolated as a colour* 
less powder from the mother-liquor by a method similar to 
that used before [Found: Ba, 19*2; “-uronic” COg, 12*04. 
CoHi 20 e,(C 8 ]^ 07 ) 2 Ba requires Ba, 19-6; COg, 12*5%]. 

6. Extractions by Water under Pressure. — (1) Unretted flax fibre 
was repeatedly extracted with water at 60 — 60° till the washings 
were colourless. The hemicellulose required was then removed 
by 6 hours^ heating with water (1 1. to 100 g. of fibre) in an autoclave 
at 30 — ^35 lb. per sq, in, excess pressure, and worked up as described 
by Cashmore. The substance, dried in a vacuum over phosphoric 
oxide, was brown, granular, and easily soluble in water to a mobile 
solution. Yield, about 1*6%. It reduced Fehling’s solution slowly 

* The author is indebted to Br. F. G. Mann, of the Cambridge Univeraaty 
Laboratories, for these determinations, , M i' 
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on boiling, was stained brown by iodine, and gave a positive naphtha- 
resorcinol reaction (Found, on ash-free basis : C, 44*8, 44*6 ; H, 6*3, 
6*1; “-uronio” OOg, 5*57; ash, 4*0. CgHioOg requires C, 44*4; 
H, 6-2o/o). 

Another preparation was finally precipitated from water by 
strongly acid (HCl) alcohol. The ash content fell to 0*6% (Found : 
C, 45*0; H, 6*3; ‘‘-uronic” COg, 4*32; OMe, 1*24; equiv., cor- 
rected for methoxyl, 1290). 

(2) 450 G. of broken, unscutched straw were used in an experi- 
ment similar to Ehrlich’s. Soluble substances were removed by 
extraction with water at 50°. There followed five extractions for 
hemicellulose, first for 2 hours in 5 1. of water at 30 — 35 lb. per sq. in. 
excess pressure, then similarly at higher pressures up to 50 lb. per 
sq. in. From the straw, now considerably darkened, no pectin 
could be extracted by ammonium oxalate, although cold ^-caustic 
soda removed “ free hemicelluloses ” precipitable by excess of 
acetic acid. 

The aqueous extracts were concentrated to small bulk on the 
water-bath, and the yellow, flocculent calcium magnesium 
pectate’* precipitated by alcohol. That from the first pressure 
extract (P^) was worked up separately from the less pure material 
(Pg) arising from later extracts. The aqueous-alcoholic filtrates 
from Pj and Pg were evaporated under reduced pressure, and frac- 
tional precipitation then separated a gummy substance, soluble in 
water but insoluble in alcohol, from the main yield, which was 
soluble in both solvents. The aqueous-alcoholic solution of the 
latter was concentrated and freed from a resinous substance soluble 
in alcohol but insoluble in water. The hexopentosan present in 
the aqueous solution was finally obtained as a brown, brittle solid 
(23 g.) by concentration to a syrup and drying in a vacuum over 
sulphuric acid. 

Calcivm magnesium salt from whole straw. This, after treatment 
with norit and precipitation by alcohol, formed a pale yellow or 
brown powder easily soluble in water or dilute acid. That described 
above as (yield, 4*5 g.) gave, after four precipitations, 0, 41*1, 
41*1; H, 6*4, 5*0; COg, 9*7; ash (CaO, MgO), 5*46, 6*13%. The 
weights of ash, assumed to be CaO and MgO in equivalent quan- 
tities, gave (Ca + Mg), 3*64, 4*08%. (C 6 H 70 e) 4 (Ca + Mg), 

60eHio05,HgO requires C, 41*0; H, 5*2; COg, 10*0; (Ca + Mg), 
3*67%. 

The fraction Pg (yield, 3*7 g.) was converted into the soluble acid 
by three precipitations from dilute hydrochloric acid (Found: 
COg, 2*74%). The main yield P^ was similarly treated (Found : 0, 
44*4; H, 6*4; COg, 6*04. CgHi^jOg requires 0, 44*4; H, 6*2%). 
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Hexopentosan, Oxidation with nitric acid {d 1*15) yielded mucic 
acid, denoting the presence of galactose residues. BiaFs orcinol 
reaction for pentoses gave a positive result, but the tests for methyl 
pentose and -uronic groups failed (Found, by the Kruger-ToUens- 
Krober method : pentosan, calc, as a mixture of arabinose and 
xylose, from Krober’s tables, 44*0, 40*9. C 5 H 304 ,CgHio 05 requires 
pentosan, 44*9%). 

The dried solid (6 g.) was hydrolysed by boiling for 4 hours with 
250 c.c. of 1% sulphuric acid. Excess of barium carbonate and 
charcoal were added to the hot liquid, which was filtered, concen- 
trated to a dark brown syrup under reduced pressure, and dried 
in a vacuum over sulphuric acid. Arabinose was identified in it 
by the diphenylhydrazone, xylose with difiBlculty by Bertrand’s 
reaction. Oxidation with nitric acid gave mucic acid as for the 
unhydrolysed substance. No methyl pentose, ketose, or -uronic 
groups were distinguished. By the method previously outlined, it 
was determined that the syrup contained 4*5% of yeast-fermentable 
hexose calculated on the total reducing sugars. 

The author’s thanks are due to the Linen Industry Research 
Association for permission to publish these results; also to Mr. 
0. R. Nodder and Dr. A. E. Cashmore for helpful advice and criticism. 

{Received, March 9^, 1928.] 


CCLXXIX . — Resolution of Racemic Ghlorobromoacetic 

By TTtt.mau Johannes Backer and BJND3EtiK Willem Mook. 

The remarkable behaviour of chlorobromomethanesulphonic acid, 
which according to Read and McMath (J., 1925, 127, 1572) does not 
show optical activity in aqueous solution, led us to examine the 
related carboxyhc acid, chlorobromoacetic acid, CHClBr-COgH. 

A preliminary study * had already shown the possibility of 
resolution. In the meantime Read and McMath stated (J., 1926, 
2183) that only in some organic solvents might salts of optically 
active chlorobromoacetic acid be obtained, and in water, in con- 
sequence of immediate racemisation, no activity could be observed. 
A renewed investigation by the same authors (J., 1927, 537) failed 
to confirm our results. 

We have now completed the resolution of this acid, have measured 
the molecular rotations of acid and salts, and have calculated the 

* Communicated to the British Association (Oxford, August 1926) a^d to 
the Academy in Amsterdam (June 1926). 

4a2 
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rotation of the tmdissooiated acid by means of its dissociation con- 
stant. Finally we have examined the rate of racemisation in acid 
and in alkaline media and in presence of salts, 

Expebimbntal. 

Chlorobromoacetic acid is readily prepared from commercial 
trichloroethylene by the method of Crompton and his collaborators 
(J., 1920, 117, 691 ; 1921, 119, 1874 ; 1923, 123, 1226). 

The addition product of dichlorovinyl ether and bromine splits 
for the greater part into ohlorobromoacetyl chloride and ethyl 
bromide (J., 1921, 119, 1874) and also to a smaller extent into 
ohlorobromoacetyl bromide and ethyl chloride : 

CHCIBr-CClBr-O-CaHg = CHaBr-COBr + OgHgOL 

Ohlorobromoacetyl bromide distilled at 168 — 160°/normal 
pressure and at 47 — 49®/15 mm, (Found : Cl + Br, 82‘6. Calc, 
for CgHOClBrg: Cl + Br, 82*65%). It was identified with the 
product obtained by heating chlorobromoacetic acid with phosphorus 
tribromide in chloroform solution on a water-bath (Found : Cl + Br, 
8245%). 

The chlorobromoacetic acid obtamed from the mixture of chloride 
and bromide, either by direct hydrolysis or by hydrolysis of the 
ester, distilled at 103 — 104® /II mm, (Found : Cl + Br, 66*6 ; Jf, 
1734, ‘173-3. Calc, for CgHgOaClBr : Cl + Br, 66-5% ; M, 173-4). 
Under normal pressure it boiled at 214*5 — ^215® with slight decom- 
position, the distillate containing a little hydrogen halide. It 
melted at 31-5®. Vanderstichele (J., 1923, 123, 1227) found 25®, 
Read and McMath {loc, cit.) 38®, 

When the acid is neutralised with a concentrated potassium 
hydroxide solution {e,g,, 4iV), and the same quantity of acid added, 
the acid potassium chlorobromoacetate crystallises (Found : K, 10*2 ; 
equiv., 386*8. CgHOaClBrKjOgHgOgClBr requires K, 10-2% ; equiv., 
384-9). 

The normal potassium salt is more soluble. It separates in 
anhydrous crystals from an aqueous solution on evaporation in a 
vacuum (Found : K, 18-86, OgHOgClBrK requires K, 18-5%). 

Electrical Conductivity of Chlorobromoacetic Acid. — This was 
measured at 25° (i 0-02°). 


Cone., o 

Mol. cond.. 


Cone,, c 

Mol. cond. 


(g.-moL/L). 

f*- 


fg.-mol./l.). 

/i. 


lx 0*2724 

139-7 Xl(H 

6*32x10-5 

' -hX. 0-2724 

337*2x10-3 

0*97 

1 X - „ 

180-6 

4-44 

iJtX „ 

369*8 

0-66 

ix 9 , 

225-3 

3*46 

lisX ,, 

371*6 

0-29 


28T-7 

2*44 

if 

379*0 

0*15 

X „ 

306-3 

1*69 



4 


yrc = — 
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plotted As a function of (x gives a straight line intersecting 
the ordinate axis at the value K]xl^ and making with the axis of 
abscissas an angle whose tangent is . 

By this graphical method we found = 8*38 x 10“3 and = 

8-38 X 10*3/382 x 10*3 = 2-19 X 10*2. Therefore K = (2d9 x 10*2)2/ 
(8-38 X 10*3) = 0*067, that is, Zgg. = 5*7 x 10*2. 

Besolution of Ohlorobromoacetic Acid. — ^In our preliminary study 
(loc. cit.) the dextrorotatory acid was isolated in the form of its 
quinine salt. The Isevorotatory acid has now been obtained by 
means of the brucine salt, which separates when a solution of 
sodium chlorobromoacetate (0*1 mol.) and brucine acetate (0*1 
mol.) in a total volume of 1 litre are mixed. 

The alkaloidal salts maybe purified by *‘cold crystallisation*’ 
(Proc. K. Ahad. Wetensch, Amsterd<m, 1925, 28, 64). This pre- 
caution, however, is not necessary, since the tendency to racemis- 
ation is not very strong ; a careful crystallisation from warm water 
is sufficient. The solution must not be heated long because of the 
instability of chlorobromoacetic acid in hot water. 

The brucine salt, therefore, is shaken with 2 parts of water at room 
temperature and mixed with 20 parts of boiling water. The clear 
solution, obtained within a minute, is quickly cooled until crystal- 
lisation sets in. After about five such crystallisations, the brucine 
salt is optically pure. It crystallises with 2 or 3 molecules of water, 
which are given off at 110® and in a vacuum over phosphoric osdde 
{a. Bound: HgO, 6*3; calc, for 2H2O, 6*0%. b. Bound: HgO, 
8*5; calc, for 3H2O, 8*7%, c. Boimd in salt dried in a vacuum : 
Cl + Br, 20*4. C2H202ClBr,C!g3H2^04lT2 requires Cl + Br, 20*4%). 

In our first experiments the alkaloidal salts were converted into 
the ammonium salt, whose concentration was estimated by evapor- 
ation of its solution. More trustworthy results were obtained by 
decomposing 2 or 3 g, of the brucine salt with 15 c.o. of water and 
sodium hydroxide in excess, extracting the brucine with pure 
chloroform, and titrating the excess of alkali with sulphuric acid 
(0*2A^) and phenolphthalein. The solution of the sodium salt 
(about 20 O.C.), the molecular concentration of which was thus known, 
was examined in a polarimeter. 

In one experiment 200 g. of the brucine salt were recrystaUised 
from 25 times its weight of water. The crystallisation was repeated 
four times, a sample being used after each crystallisation for polari- 
metric examination. The brucine salt then weighed only 14 g. 
and showed no rise of rotatory power. 

About 2 g. were decomposed with 15 c.c. of water and 347 c.c. Of 
sodium hydroxide (1*036^). The solution, after being extradt^ 
with chloroform and neutralised with 1*20 C.c. of sul|»huri6 
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{0*198N), stowed ao = + 0-21^ (Z = 2). The rotation of the sodium 
salt was thus [M]jy = + 6*3®. 

The rotatory power of the free acid in aqueous solution is greater 
than that of the sodium salt and of opposite sign ; it depends on the 
concentration and is raised by addition of strong acids. The reason 
is that chlorobromoacetic acid is a fairly strong acid which dis- 
sociates to a considerable extent in solution, giving an anion of 
opposite rotation. 

The rotation of the undissociated acid cannot be measured by 
addition of sulphuric acid in excess, because the dissociation is not 
sufficiently reduced. Therefore the rotation of the pure acid was 
measured in different concentrations at 17°, and also the degree of 
dissociation was calculated from the dissociation constant by means 
of the equation K = a2c/(l — a). The value of was found to 
be 8-1 X 10-2. 

The active acid was prepared by decomposing the brucine salt with 
sulphuric acid, extracting the chlorobromoacetic acid with ether, 
dir^g the solution with fused sodium sulphate, and evaporating the 
etW in a current of dry air at the ordinary temperature. The pure 
active acid was dissolved in water, and its concentration determined 
by titration. 

If the molecular rotation observed for the mixture acid-ion is 
represented by Mm, the unknown rotation of the acid by Ma, and 
the rotation of the ion by Mi (= 6*3°), we have Mm = + 

(1 - a)Ma or Ma = {Mm - 6-3a)/(l - a). 


c (g.-mol,/l.). 

II 

M„,. 

a. 

JM[a» 

0-150 

-0-335° 

-11-2° 

0-60 

-28-6° 

0-208 

-0-525 

-12-6 

0-44 

-27-6 

0-250 

-0-696 

-13-9 

0-42 

-29-0 

0-347 

-1-14 

-16-4 

0-37 

-26-0 


The average value of [M]ji for the undissociated acid is — 28°. 
The rotations of the salt and of the acid were measured for different 
wave-lengths in order to determine the rotatory dispersion : 


^ M 


656 

589 

546 

516 

486 

Anion (sodium salt) : 

[Jf] 

+4-8° 

+ 6-3° 

+ 7-4° 

+ 8-3° 

+9-r 

Undissooiated acid ; 

[JIf] ... 

-22° 

-28° 

-36° 

-42° 

-50° 


Bacemisaticm of Active Chlorobromoacetic Acid . — ^An aqueous 
solution of the free acid does not show any tendency to racemise at 
the ordinary temperature. The salts racemise, but very slowly^ 
Only in presence of an excess of a strong base is the velocity of 
racemisation appreciable. Under these conditions, accurate measure- 
ments of the velocity coefficient are difficult, because the acid 
hydrolyses when it is kept for a long time in alkaline solution; 
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hydrogen halide is formed and the quantity of free alkali diminishes. 
The experiments were therefore stopped when the solutions gave a 
turbidity with nitric acid and silver nitrate. The velocity co- 
eflBlcient was calculated by aid of the formula Jk = (log — log a^) jt. 
For a larger number of observations {e.g., 4), Schmid’s method {Z. 
physikal. Chem,, 1926, 119, 8) was used, 

k = (log ai + log 02 — log og — log a 4)/{<3 + — t^). 

Time was expressed in hours and Briggsian logarithms were used. 
The rotations were measured for the D and E lines in a tube of 2 dm. 
and their sum, «!> + “ej ^as substituted for a in the formula, 

1. Acid solution, Chlorobromoacetic acid (0*08 g.-mol./l.) in 
presence of sulphuric acid (1*38 equivs.) at 25°. The rotation, 0*66°, 
did not change in 77 hours and therefore there was no racemisation. 

2. Acid solution. The same acid solution as in experiment 1 was 
examined at 100°. Titration of the acid, 1*46 equivs. per litre. 
The rotation was 0*666° and fell in 3f hours to 0*445°. The con- 
centration of the acid titrated had not changed. Racemisation 
constant = 4*5 X 10"®. After 16f hours the solution was red 
and the quantity of acid had increased to 1*54. 

3. Neutral solution, A solution of the ammonium salt with the 
rotation — 0*14° was kept at the ordinary temperature. After 90 
days the rotation was —0*11° and after 670 days —0*07°. The 
racemisation of the salts in neutral solution is therefore negligible. 

4. Chloroform solution of a salt. The racemisation of the brucine 
salt was studied in chloroform solution, because according to Read 
and McMath (J., 1926, 2184) salts of active chlorobromoacetic acid 
are stable in this solvent. A solution of 2 g. of the brucine salt in 
26 c.c. of chloroform and 5 c.c. of methyl alcohol was examined at 
25° ; the Isevorotation increased gradually owing to racemisation 
of the dextrorotating component. 


t (hours) 0 96 321 417 489 662 

ttD+aE -1*04'* -1*09° -1*29° -1*42° -1*55° -1*68° 


This racemisation, therefore, is not slower, but much faster than 
the racemisation of the neutral salts in water. 

5. Alkaline solution. 0*16 G.-moL of sodium chlorobromo- 
acetate and 0*049 g.-mol. of sodium hydroxide per litre. Temper- 
ature 26°. The rotation observed was 0*325° * and after 4 hours 
0*145°. The final titration indicated the presence of 0*047 g.-mol, 
of base, so that the hydrolysis was negligible. Racemisation con- 
stant ^? 25 * = 9 X lO-^. 

* For the pure active salt this value (ai> + qe) should be 0*43°. The salt 
was thus one quarter racemic, which does not affect the calculation of the 
velocity coefOlcient. 
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6. Alkaline solution. 0-18 G.-mol. of Bodium oHorobromoacetate 
and 0'031 g.-mol. of soditun hydroxide per litre. Temperature 25'’. 
The rotation was 0-38° and after 5| hours 0-225'’, Knal titration, 
0-029 g.>mol. of base. Bacemisation constant k 2 S‘ — 4-2 x 10"®. 
The racemisatign, therefore, is slower than in experiment 6, where 
the concentration of hydroxyl ions was greater. 

7. Alkaline solMion with <pota8sivm nitrate, (a) 0-0168 G.-mol. of 
sodium chlorobromoacetate and 0-0075 g.-mol. of sodium hydroxide 
per litre at 25®. 

t 0 6J 12} 

o 0-43° 0-336“ 0-265“, fees- = 17 X 10-». 

(6) 0-0168 G.-mol. of sodium chlorobromoacetate, 0-0072 g.-mol. 
of sodium hydroxide, and 0-2 g.-mol. of potassium nitrate per litre 
at 25®. 

t 0 3} 12} 

a 0-42“ 0-336“ 0-23^ ; = 26 X l0-«. 

The presence of potassium niia-ate, therefore, accelerates the 
racemisation in alkalMe sdution. 

8. Alkdine solution with cdkium nitride, (a) 0-0168 G.-mol. of 
sodium chlorobromoacetate and 0-0039 g.-mol. of sodium hydroxide 
per. litre at 26®, 


i 0 IS} 29} 42J 

o 0-42“ 0-34“ 0-31“ 0-26“. = 4-7 X 10-^ 

(6) 0-0168 G.-mol. of sodiiun chlorobromoacetate, 0-0030 g.-mol. 
of sodium hydroxide, and 0-2 equiv. (0-1 mol.) of calcium nitrate. 

t 0 18 29{- 

o 0-42“ 0-18“ 0-11“ . l-au- =, 20 X 10-». 


The calcium nitrate causes a greater accderation of the velocity 
than potassium nitrate in equivalent concentration. 

Conclusions. 

}. Active chlorobromoacetic acid is stable at the ordinary temper- 
ature; the rotation of ..its aqueous solution does not change in 
several days. 

2. The activity of the bits is not permanent in presence of strong 
bases. Hydroxyl ions catalyse the racemisation. 

3, The raoemising action of . hydroxyl ions on the chlorobromo- 
acetio anicm'is accelerated by salts, especially those with kations of 
higher valency. 

Oboanio Ceeuicaii LabCbaxobv or the State UinvEBSiTy, 

G-bohutobh. [Reeeitxd, May ISth, 1928.] 
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CCLXXX . — '^‘-Methyl Derivatives of 2-Phenyl- 

vafhthylene-l : 2-diamine. 

By Charles Stanley GrasoN, William Simpson Kentish, and 
John Lionel Simonsen, 


It was obs^ved by Lees and Thorpe (J., 1907, 91, 1296) that when 
2-phenyJnaphthylene-l : 3-diamine is methylated two isomerio 
dimethyl derivatiyes (I) are obtained, the particular isomeride 
formed depending on the, conditions of methylation. Since these 
two methylated bases, being di-secondary amines, could not be 
structurally different, the nature of the isomerism remained 
unexplained at the time. With the kind permission and encourage- 
ment of Professor J. F. Thorpe, we have attempted the elucidation 
of this problem. 


(!•) 




W 


NHMe 


^^(S 03 -CeH,Me )2 

^Ph 

H-SOa-OcH^Me 


(IT.) 


We have confirmed in almost all particulars the work of Lees and 
Thorpe; we have been successful in elaborating somewhat more 
convenient methods for the preparation of the two bases, more 
especially of the p-base, and we have also succeeded, although 
indirectly, in converting the a-base into the p-base. The a-base, 
which is dimorphic, is formed when the diamine is treated with 
methyl sulphate in the presence of alkali (see p. 2136) and, by a 
slight modification of the. original method, we have greatly increased 
the yield of the base. At the same time, a not inconsiderable amount 
of the tetramethyldiamine is produced together with a small quantity 
of the trimethyldiamine. 

Lees and Thorpe prepared the p-base by heating the parent diamine 
with an excess of methyl sulphate, but the base is not readily 
obtained pure by this method and the yield varies considerably with 
small changes in the temperature of heating. When the reaction is 
carried out at 94® the p-dimethyldiamine and the trimethyldiamine 
are produced in approximately equal quantities, and the best yield of 
the former substance is obtained at 90®. The p-dimethyldiamine is, 
however, best obtained in a state of purity by the following method 
in which the formation of higher methylated products is avoided. 

: ^-diamine is very 

readily prepared by the action of j?-toluenesulphonyl chloride on 
the original diamine in pyridine solution. The products of 
reaction have been exhaustively examined, since it was of fhteiest 
to determine whether isomeric di-substitution products are atoo 
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formed in this case. The main product of the reaction is a sub- 
stance, oL-di - -p^toluenesylphonyl - 2 - phenylnaphthyUne - 1 : S-diamine, 
which is soluble in alkali and, like the a-dimethyldiamine, is di- 
morphic, the two forms having m. p. 188 — 189® and 203 — 205®, 
respectively. The lower-melting form, which has been designated 
aj^-, is obtained when the sulphonamide is precipitated from alkaline 
solution by acidification or when it is recrystallised from ethyl alcohol 
in such strength that crystallisation does not take place until the 
ordinary temperature is reached. When the lower-melting form is 
melted in a capillary tube and allowed to resolidify, it undergoes 
conversion into the higher-melting form. The a-, or stable, form 
of the disulphonamide separates when crystallisation takes place from 
a hot solution. Both forms crystallise in prisms and the dimorphic 
relationship was confirmed by Sidgwick’s method (J., 1916, 107, 
672). 

The alcoholic mother-liquor from which the a-disulphonamide had 
been removed contained a second disulphonamide, which, after 
repeated crystallisation from methyl alcohol, was obtained in soft 
needles, m. p. 173 — 175°. This substance was only obtained in 
sufficient quantity for analysis, but in all probability it is p-di-p- 

: Z-diamine corresponding to 

the P-form of the dimethyl base. 

In addition to the a- and P-disulphonamides, which are soluble in 
alkali, two other substances were isolated from this reaction. One 
of these, having m. p. about 213°, was not obtained crystalline and 
therefore was not analysed. Since, however, it gave the original 
diamine on hydrolysis, it was probably the tetrasulphonyl derivative. 
The other crystallised from methyl alcohol in needles, m, p. 153 — 
154°, and proved to be a trimlphonyl derivative, probably having 
the constitution (11). 

The a-disulphonamide is readily methylated by methyl sulphate 
in the presence of alkali, yielding 

2-phmylmpMhylene-l : Z-diamine, which, on hydrolysis, yields the 
P-dimethyldiamine in theoretical amount. This is the most con- 
venient method for preparing the pure p-base in quantity. 

The important investigations by Kenner and his collaborators 
(J,, 1922, 121, 614 and subsequent papers) on the resolution of 
substituted diphenylcarboxylic acids have shown that, whilst the 
molecular asymmetry necessitates the impossibility of free rotation 
of the two benzene nuclei, the formula suggested by Kaufier to 
account for certain supposed cases of isomerism is unnecessary 
(compare Le F^vre and Turner, J., 1926, 2476). It is significant 
that molecular asymmetry has been realised only in diphenyl 
derivatives which have at least three of the four positions 
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(2 : 2' : 6 : 6') substituted and it appears that the substituents 
should be large Cl, NOg, COgH). An adequate explanation of 
this has been suggested by Mills {Chem. and Ind., 1926, 45, 883, 905) 
on a purely mechanical basis (compare Turner and Le Fevre, ibid., 
p. 831). 

From formula (I), it is clear that in the two ^^'-dimethyl deriv- 
atives of 2-phenylnaphthylene-l : 3-diamine we have substituted 
derivatives of diphenyl each with all the substituents in one nucleus. 
It was found on preparing a model, using ordinary atomic diameters 
as indicated by Mills (Zoc. cit), that free rotation of the unsub- 
stituted phenyl group in the ^methyl base is prevented owing to 
interlocking if all the nuclei and the substituent groups are co-planar. 
In the light of Mills’s suggestion, therefore, it seemed not improbable 
that one or both forms of this base should be resolvable into 
optically active forms. 

The salts of both a- and p-A'.W'-dimethyl-2-phenylnaphthylene- 
1 : 3-diamine with optically active acids did not prove satisfactory 
for the purpose and no evidence of resolution of either of the bases 
was obtained. We therefore investigated the methylenecamphor 
derivatives prepared by condensation of each of the two bases with 
d-hydroxymethylenecamphor — a method which, in the hands of 
Pope and his collaborators (Pope and Bead, J., 1913, 103, 1516 ; 
Kipping and Pope, J., 1926, 494), has proved of great value for the 
optical resolution of primary and secondary amines. 

The a-base, when treated with d-hydroxymethylenecamphor, 
gave a quantitative yield of -dimethyh2-p%mylmph^ 

1 : 3-diammomono-d-meZA2/^6^ficamjpAor, only one of the secondary 
amino-groups reacting. This substance, which crystallised well, 
was perfectly homogeneous and there was no sign of the formation 
of optical isomerides. The remaining secondary amino-group is 
singularly unreactive and cannot be acetylated by acetic anhydride. 
This abnormal behaviour of the a-dimethyldiamine is exhibited in 
other reactions, since it only yields a monoacetyl and a mcw^<?-p- 
tolueTieavlphonyl derivative. 

Similar interaction of the p-base with d-hydroxymethylene- 
camphor, resulted in the formation of a very sparingly soluble 
dimethyUnecamphor derivative, which, like the mono-derivative of 
the a-base, showed no signs of heterogeneity. The diflference in 
reactivity of the a- and p-bases was further exemplified by the P-base 
readily yielding a diacetyl derivative and the disulphonamide 
(m. p. 305®) referred to above. 

Although the possibility of the resolvability of the a- and p-di- 
methyldiamines (compare Gibson and Simonsen, J., 1915, 107, 115) 
is not excluded, the facts so far established are adequately explained 
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by asstiming m-trans isomerism of the two bases. This being so, 
the conversion of the one form into the other should be possible. 
We have succeeded in converting the a-form into the p-form by an 
indirect method. 

Lees and Thorpe showed that both bases yielded dinitrosoamines 
on treatment with nitrous acid, the' formation taking place very 
slowly from the a-base {loc, ciL, p. 1286) and immediately from the 
p-base» According to these authors (pp. 1298, 1299) the dinitroso- 
amine prepared from the a-base has m. p. 174 — 175®, that from the 
p-base, m. p. 179° ; we have now found that these two dinitroso- 
amines are identical and, when carefully purified, both have m. p. 
180 — 181®. This identity was confirmed by the method of Sidgwick. 
When the dinitrosoamine prepared from either of the bases is reduced 
with tin. and hydrochloric acid, it gives a quantitative yield of the 
p-dimethyldiamine, and it follows, therefore, that it is the dinitroso- 
amine of the P-base. This explains the retarded separation of the 
dinitrosoamine when prepared from the a-base, the course of the 
change probably being the conversion of the mononitrosoamine of 
the a-base, which is obviously the first product of the xeaction, into 
the mononitrosoamine of the p-base, followed by formation of the 
dinitrosoamine. This is in complete accord with the facts that the 
a*base only yields monoacetyl, mono-p-toluenesulphonyl, and mono- 
methylenecamphor derivatives. 

The conversion of the a-dimethyldiamine into the P-dimethyl- 
diamine by the nitrosoamine reaction strongly supports the view 
that these two bases are m-^rans-isomerides of a type not previously 
observed. There would appear to be four possible formulse (partly 
represented by III — ^VI) for these bases on the assumption that 
the rings and nitrogen atoms with attached groups are co-plauar. 


H 


H 




.N'' ■ 

I Me 

.H* 


(HI.) 




ile (V.) 


There can be little doubt that the p-dimethyldiamme must be 
represented by the trans-torm (IV), since both the hydrogen atoms 
of the secondary amino-groups are highly reactive. It is further 
clear that (V) cannot represent the a-dimethyldiamine, since in it 
both hydrogen atoms might be expected to be subject to steric 
hindrance. We have no means of distinguishing between the 
formulae (III) and (VI), in each of which one of the hydrogen atoms, 
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would appear to be likely to be affected by sterlo bindrance ; but 
we prefer (III), since the base is more reactive than would be antici- 
pated if the hydrogen were in the l-position in the naphthalene 
nucleus. 

Pending further investigation of related compounds, the suggested 
uniplanar configuration of the two i\rJV’'-dimethyldiamines adequately 
explains their cis^rans isomerism. The evidence so far accumulated 
lends additional support to the generally accepted view that the 
valencies of a tervalent nitrogen atom lie in one plane. 

Lees and Thorpe {loc. cit^ p. 1299) described a trimethyldiamine, 
and we have obtained this base in a somewhat higher state of purity 
(see p. 2139). It can obviously be represented bv partial formulas 
(VII— X). . 


Me 


Me 


Me (VII.) 


Me H 



Me 



Me 


Me 

(X.) 


Since this base can be aoetylated readily and is also formed by the 
direct methylation of the p-dimethyldiamine, we consider that it is 
most probably represented by (VIII). We had hoped to prepare 
one of the other possible trimethyl bases by the methylation of the 
a-dimethyldiamine or its jp-toluenesulphonyl derivative, but in this 
we were not successful. In alkaline solution the diamine is not 
methylated, and it is converted into the tetramethyl base by methyl 
sulphate at 110*^. The p-toluenesulphonyl derivative was very 
resistant and was not attacked by methyl sulphate “at 146® ; above 
this temperature sulphur dioxide was evolved and decomposition 
commenced. 

Expebimental. 


2-Phenyluaphthylene-l : 3-diamine was prepared by the method 
of Lees and Thorpe (Zoc, cii., p. 1287). We found it advantageous 
to interrupt the steam distillation as soon as the xylene had passed 
over, the excess of nitrile being allowed to remain in the distillation 
flask. The yield of the base was approximately 50% and after 
crystallising six times from alcohol and once from light petroleum 
it had m, p. 113»5® {Lees and Thorpe give 116®). The acetyl 
acetate, prepared by boiling the base with acetic anhydride containing 
a trace of pyridine, crystallised from alcohol in prisms, m, p. 175"^. 
The m. p. 185® given by Atkinson and Thorpe (J., 1906, 89, 1939) h 
possibly a misprint (Found: 0, 71*3; H, 5»8. Oale. : 0, 71*4 j 
H,5-9%). 
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ix-‘T^nS^-Dimethyl-2-phenylna^U^ : ^-diamine . — The yield of 
the methylated base was somewhat improved by the following 
modification of Lees and Thorpe’s method. The base (15 g.) was 
dissolved in methyl alcohol (200 c.c.) and after the addition of methyl 
sulphate (150 g.) potassium hydroxide solution (600 c.c. ; 26%) was 
added gradually, the temperature being kept below 5° and the 
mixture mechanically stirred. The crude granular methylation 
product was dried and boiled with methyl alcohol (50 c.c.), which 
dissolved the bulb of the impurities. The residue after two crystal- 
lisations from light petroleum (b. p. 80 — 100°) had m. p. 168° 
(yield, 30%). 

As shown by Lees and Thorpe, the base is dimorphic, being 
obtained either in needles or in prisms according to the conditions 
of crystallisation. The long needles are obtained most readily if 
either an alcohoHc or light petroleum solution of the base be allowed 
to crystallise at 30°. If such a solution is allowed to crystallise in the 
ice-chest, the prism form separates. At 17° the colourless needles 
become yellow and opaque and are seen under the microscope to 
be pseudomorphs composed of minute prisms. These gradually 
pass into large yellow prisms. Both forms have m. p. 170®, 

The methyl alcoholic and light petroleum solutions from which 
the a-base had been obtained gave on removal of the solvents a 
somewhat gummy residue. This was repeatedly crystallised from 
alcohol and large colourless prisms were ultimately obtained, m. p. 
122° (yield, 36%). This substance was identified as the tetramethyl 
derivative of the diamine by analysis (Found : N, 9-7. Calc. : 
N, 9-6%), by the method of mixed m. p., and by conversion into the 
nitroso-derivative, m. p. 135°. 

In another experiment the solid from the mother-liquor was 
dissolved in hydrochloric acid and treated with sodium nitrite 
solution. A portion of the nitrosoamines formed was soluble in 
acid and was identified as the mtrosoamine of the trnnethyldiamine 
(yield, 6%). The crude insoluble nitrosoamine, on reduction with 
tin and hydrochloric acid, gave, in addition to a resin which was 
insoluble in acids, a quantity of p-^^'-dimethyl-2-phenyl- 
naphthylene-1 : 3-diamine. This was best purified by distiQation 
in superheated steam (yield, 25%). 

Methylation of aJiUS'-Dimethyl-‘2-phenyhiaphthylene-l : 3-diamine, 
— When the a-base was heated for 1 hour at 100° or 115° with an 
excess of freshly distilled methyl sulphate, the mixture gradually 
became solid and yielded the tetramethyldiamine, m, p. 122°, in a 
theofeticdl yield. The diamine could not be further methylated 
by treatment with methyl sulphate in alkaline solution. 

M(moacetyUcL~'NN'-dimethyl-2-pJienylnap}ithylene’l : 3-diamine was 
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obtained when the a-base was digested for some hours with acetic 
anhydride. It crystallised from alcohol in iridescent prisms, m. p. 
203° (Found : N, 9*3. C 20 H 22 OIT 2 requires N, 9*2%). 

p - y oZtAeweswZpAow-yZ-a-NN' - dimdhyl‘2-pJisnylnaphthylene - 1 : 3-di- 
dfifiine . — solution of the base (2 g.) and j?-toluenesulphonyl 
chloride (6 g.) in pyridine (16 c.c.) was heated on the water-bath for 
4 hours, and poured into water. The white solid (3*2 g.) obtained 
crystallised from alcohol, in which it was somewhat sparingly 
soluble, in needles, m. p. 219—220° (Found: C, 72*2; H, 6*8. 
^25^-2402^2® requires 0, 72*2 ; H, 5*8%). The monosulphonmiide 
was soluble in concentrated hydrochloric acid, and when hydrolysed 
with a mixture of acetic and sulphuric acids the original a-base was 
regenerated. It could not be acetylated or methylated, being 
unaffected by methyl sulphate at 146°. 

d^WS'-Dimeihyl-2-phenylmpMhylene-l : Z~diamin<mom-d-me(hyl~ 
enecamphoT* — The a-base (2*6 g.) was dissolved in a mixture of alcohol 
(140 c.c.) and acetic acid (25 c.c.) and after the addition of d-hydroxy- 
methyienecamphor (5*4 g.) in alcohol (15 c.c.) the mixture was 
heated on the water-bath for 30 minutes. On cooling and dilution 
with water a crystalline solid (2*7 g.), m. p. 168°, separated and a 
further quantity (1*7 g.) was obtained from the mother-liquor after 
treatment with alkali to remove the excess of d-hydroxymethyiene- 
camphor. The product, which was quite homogeneous, crystallised 
from methyl alcohol, in which it was somewhat readily soluble, in 
colourless, prisms, m. p. 167 — 168°. It depressed the m. p. of the 
original a-base (Found : N, 6*7. CagHggOJSTa requires N, 6*6%*). 
In alcohol at 20° (c = 0*2484 , 1 == 4), it gave ag^^^ == + 4*04°, whence 
C*3 s46i “ 406'5°, 

Attempts to prepare an acetyl derivative by treatment with 
acetic anhydride were unsuccessful. 

The salt which formed when equivalent quantities of a-NN'-dU 
methyl-2-phenylnaphthylene-l : 3-diamine and d-camphor-10- 
sulphonic acid were mixed in hot aqueous alcohol and the mixture 
allowed to cool separated in glistening prisms and was homogeneous. 

The a-base (3*5 g.) was added to a hot solution of d-a-bromo- 
camphor-7t-sulphonic acid (8*52 g.) in water (446 c.c.), and alcohol 
(30 c.c.) added to give a clear solution. A voluminous mass of fine 
needles separated and after 2 days changed to yellow prisms of the* 
a-base, which were optically inactive. The filtrate, on evaporation 
to dryness in a vacuum over sulphuric acid, gave a deep red resin 
which slowly crystallised in nodules on being kept in acetone-ethyl 

♦ We are indebted to Mr. A. Bennett, of the Microanalytical Laboratory, 
University of Manchester, for the microanalyses of this compound and of the 
dimethylenecamphor compound described on p. 2140. 
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acetate. The salt, which appeared to be homogeneous, could not 
be reorystallised, since it was insoluble in acetone, ethyl acetate, 
benzene, and light petroleum. It was readily soluble in water or 
alcohol but underwent hydrolysis in these solvents. 

^~l^^-Dimethyl-2~pJi^nylnapht7iylene‘l : B-diamine. — (1) The base 
(10 g.), heated with methyl sulphate (65 g.) at 100° for 2 hours, gave 
a solid which had m. p. 93° after crystallisation from alcohol and 
was evidently a mixture. When the reaction was carried out at 
115-^120°, an almost theoretical yield of the tetramethyldiamine, 
m. p. 122°, was obtained and this was characterised by conversion 
into the nitroso-derivative, m. p. 136°. A series of experiments 
was carried out at temperatures between 90° and 100°, since it was 
found that below 90° the product contained much unchanged 
primary amine. At 90°, the dimethyl derivative was the main 
product. It was found possible to estimate fairly accurately the 
percentages of dimethyl and trimethyl derivatives in the product by 
treatment with nitrous acid, since the mononitrosoamine of the 
trimethyl base was soluble in mineral acids, and the dinitrosoamine 
of the dimethyl base insoluble. The results are in the following 
table, 2 g. of the crude methylatioh product beiag used in each case. 


Temp, of 
methylation. 
90 ® 

94 

100 


Binitroso- 

amine. 

2-12 g. 
1-20 - 
0*73 


Mononitroso- 



amine. 

% Me^. 

%Mej 

0-24 g. 

87 

11 

Ml 

49 

60 

1-55 

30 

70 


(2) The p-base was prepared in quantity by the methylation of 
di-’p-tolUenesulpho7iyU2'‘pJtenylnaphthyle7ie-l : B-diamme^ followed by 
hydrolysis. A solution of the diamine (50 g.) and p-toluene- 
sulphonyl chloride (150 g.) in pyridine (400 c.c.) was heated on 
the water-bath for 4 hours and poured into w'ater. The thick broWn 
oil obtained was washed with dilute hydrochloric acid to remove 
pyridine and heated on the water-bath for 30 minutes with sodium 
carbonate solution to remove ihe excess of acid chloride; the 
remainder solidified on cooling and then had m. p. 175 — 183° (yield, 
114g.). It was best purified by solution in sodium hydroxide (10%), 
which left undissolved a small quantity of a red solid (A). When 
the filtrate was acidified the sulphonamide was deposited as an 
almost colourless, crystalline powder. It was recrystallised from 
alcohol, a - di‘p4olvmesulphmyh2-phenyl7iapht'hyle7ie -1:3- diamine 
being obtained pure ; the mother-liquor contained a small quantity 
of a second substance (see below). 

The sulphonamide was dimorphic. When crystallised from 
methyl alcohol, the a-foim separated in fine glistening prisms, m, p. 
203 — ^205°, and the same form resulted if the amide was allowed to 
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separate from a hot solution in either alcohol or acetic acid. If this 
form was crystallised from a dilute solution in alcohol, so that 
deposition took place in the cold, prisms were also obtained which 
had, however, m. p. 188 — 189°, rapidly resolidified, and then melted 
at 203 — ^205°. This low-melting a^^-form was also obtained when an 
alkaline solution of the sulphonamide was acidified (Found : for 
a, 0, 66*4; H, 4*9; for a^, S, 12*0. C3oH2e04N2S2 requires 
0, 66*4; H, 4*8; S, 11*8%). The sulphonamide was somewhat 
sparingly soluble in alcohol, benzene, and acetic acid, and insoluble 
in water and light petroleum. The dimorphic relationship of these 
two forms was established by Sidgwick’s method {he, cit.) with 
benzene as the solvent, the following depressions being observed : 

Depression of f . p. by alone 0*086° 

,, ,, ,, ,, a ,, 0*025 

9) 9, 99 99 a + 0*029 

The original mother-liquor from the first crystallisation of the 
sulphonamide contained a small quantity of a second substance 
which, after repeated crystallisation from methyl alcohol, in which 
it was somewhat readily soluble, was obtained in soft needles, m. p. 
173 — 176°. It is possible that this m. p. is not quite accurate, since 
the amount of material available for purification was small (Found : 
0, 66*8; H, 4*9. 030320041^282 requires 0, 66*4; H, 4*8%)* 
^-Di-'p4oluenesulphonyl-2-phenylnapMhylene‘l : Z-diamine is much 
more readily soluble in the ordinary organic solvents than either of 
the «-forms and when mixed with these causes a marked depression 
in m. p. 

The solid {A) (see above), which was insoluble in alkali, dissolved 
in hot alcohol, yielding a deep red solution from which a brown 
amorphous solid, m. p. about 213°,, was slowly deposited* This 
product could not be obtained pure enough for analysis, but was 
probably the tetraSulphonyl derivative of the diamine, since on 
hydrolysis with a mixture of acetic and sulphuric acids it gave the 
original base. The deep red mother-liquor on concentration yielded 
a small quantity of a crystalline solid, which after repeated crystal- 
lisation from methyl alcohol was obtained in fine, colourless needles, 
m. p. 163 — 164°. Analysis showed this to be tri-p-hluenemlphonyl’2^ 
phenylnc^Mhyhne-l : ^-diamine (II) (Found : 0, 63*7 ; H, 4*6. 
O37II32O6N2S3 requires C, 63-8; H,4*6%). .. 

amine , — ^The a-disulphonanude (60 g.): was dissolved in sodium 
hydroxide solution (270 c.o* ; 10%) and methyl sidphate (200 c*e*) 
was added gradually with constant agitation, the solution being 
kept alkaline* An oil separated l^hich rapidly solidified (5$ it 
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crystallised from pyridine in small plates, m. p. 305® (Found : 0, 
67*5; H, 5-3. C 32 H 30 O 4 N 2 S 2 requires C, 67-3; H, 6-3%). The 

methyl derivative was very sparingly soluble in all the ordinary 
organic solvents. 

Hydrolysis of Di-’p4oluene8ulp7u>nyUT!^'-dimethyl-2-phenylnaiph~ 
thylene-1 : Z-diamine , — ^The amide (100 g.) was dissolved in a mixture 
of acetic acid (100 c.c.) and sulphuric acid (200 c.c.) and heated on 
the water-bath for 2 hours. The clear brown solution was poured 
on ice and made alkaline with ammonia. An oil separated which 
rapidly solidified (yield, 46 g.) ; after crystallisation from alcohol it 
had m. p. 159 — 160® and was pure p-JV’.N''-dimethyl-2-phenylnaph- 
thylene-1 : 3-diamine. When this base was treated with p-toluene- 
sulphonyl chloride in pyridine solution, it was reconverted into the 
above-mentioned sulphonamide, m. p. 305®. On treatment with 
methyl sulphate at 100 ® it was converted quantitatively into the 
tetramethyl base, m. p. 122 ®, and in alkaline solution it was partly 
converted into the trimethyldiamine, which was identified by the 
preparation of the nitrosoamine. 

: Z’diamine , — ^The 

P-base was boiled for 2 hours with acetic anhydride, and after 
removal of the excess of the anhydride by evaporation with alcohol 
the acetyl derivative was recrystallised from dilute methyl alcohol 
or benzene and obtained in rosettes of small prisms, m. p. 207 — ^208® 
(Found : N, 8*2. C 22 H 22 O 2 N 3 requires N, 8-1%). 

p-lIN'-I>imeiAyZ-2-pAe»yZ?iqpAZ%Ze?ie-l ; Z-di(minodi-d‘imtThylene- 
camphor, — ^The p-base (2*6 g.) was dissolved in a mixture of alcohol 
(76 c.c.) and acetic acid (20 c.c. ; 60%) and after the addition of 
d-hydroxymethylenecamphor (5-4 g.) in alcohol (15 c.c.) the mixture 
was heated on the water-bath for 30 minutes. On cooling in the 
ice-chest over-night, a hard, crystalline cake (4*26 g.), m. p. 274 — 
277°, had separated. By evaporation of the filtrate and removal of 
the excess of d-hydroxymethylenecamphor with alkali a further 
quantity (1-6 g.) was obtaiued. It crystallised from alcohol in 
nodules of colourless prisms, m. p. 277 — 279® (Found: N, 5*2. 
^40^^46021^2 requires N, 4-8%). In alcohol at 20° (c = 0^2142, 
Z = 4), it gave = + 5-67®, whence [a] 546 x = + 660*1®. 

The p-base (2 g.) was added to a hot solution of d-camphor-lO- 
sulphonic acid (3-54 g.) in water (7 c.c.). On cooling, the viscid, red 
solution deposited a mass of fine needles. This salt dissolved in its 
own water of crystallisation at 105® and was very readily soluble in 
water, acetone, and alcohol, less soluble in ethyl acetate. The salt 
and the mother-liquor were separately made alkaline; the base 
recovered was in each case optically inactive. 

The p-base (2 g.), when added to a hot solution of d-P-bromo- 
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camphor-7r-sulphonic acid (4-74 g.) in water (26 c.c.), slowly dissolved, 
giving a reddish-brown solution which deposited an oil on stirring. 
On cooling, the oil redissolved, but there was no separation of 
crystals. The solvent was evaporated in a vacuum and the 
residual resin, which was readily soluble in acetone, crystallised 
slowly from a solution in ethyl acetate. It was recrystallised from 
acetone-ethyl acetate, from which it was deposited in nodules. 
The bases recovered from the crystalline salt and from the mother- 
liquor were inactive. 

The Dinitrosoaminea of a- and ^-'l^'‘Dimethyl~2-phenylnaphthyl-- 
ewe-1 : ^-diamines. — a-Base. The dinitrosoamine was prepared as 
described by Lees and Thorpe (loc, cit, p. 1297) and obtained in a 
yield of 85%. After recrystallisation from alcohol and then from 
benzene, it was obtained in clusters of yellow needles, m. p. 180®. 

P-5aee. The dinitrosoamine was obtained from the p-base in a 
somewhat better yield (95%). The final crystallisation was from 
benzene. It had m. p. 180 — 181®. 

These two dinitrosoamines were found to be identical. They 
have the same m. p. and mixtures in all proportions melt at this 
temperature. The identity was confirmed by the application of 
Sidgwick^s method {loc, cit,), benzene being used as the solvent. 
The following depressions were observed : 

Depression of f. p. with p-form alone, 0-759® 

» „ „ „ P- + a-forms, 0-764 

„ „ „ „ a-form alone, 0-750 

„ » „ „ a- + p-forms, 0-761 

NN' - Trimefhyl - 2 -phenylnaphthylene -1:3- diamine , — ^The crude 
nitrosoamine of the trimethyl base obtained by the action of methyl 
sulphate on the diamine (see p. 2136) crystallised from alcohol in 
buff-coloured needles, m. p. 161®. These (6 g.) were dissolved in 
acetic acid (25 c.c.) and, after the addition of an excess of tin and 
hydrochloric acid, heated on the water-bath for ^ hour, the red 
solution rapidly becoming colourless. The solution was made 
alkaline with sodium hydroxide, boiled to decompose tin salts, and 
extracted with benzene. The dried benzene solution was evaporated, 
leaving the colourless base, which crystallised from alcohol in needles, 
m. p. 104 — 105° (Lees and Thorpe, loc, cit,, give 98 — 99®) (yield, 
4-4 g.) (Pound ; C, 82-8; H, 7-3, Calc, : 0, 82-6; H, 7-2%). 

The acetyl derivative, prepared by means of acetic anhydride, 
crystallised from alcohol in needles, m, p. 178° (Pound : N, 9-0. 
O 21 H 22 ON 2 requires N, 8*8%). 

One of us (W. S. K.) is indebted to the Department of Scientific 
and Industrial Research for a maintenance grant which has enabled 
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him to take part in the work. We wish to express our thanks to 
the Government Grant Committee of the Royal Society for a grant 
which has defrayed the greater part of the cost of this investigation^ 

Guy’s Hospital Medical School, 

(TTnivehsity op Looton), S.E.l, [Received^ June 6th, 1928,] 


CCLXXXI . — The Interaction of Cuprous Chloride and 
the Chromates of Potassium in a Solution of 
Sodium Chloride. 

By Hubebt John Patbidge Venn and Vebnon Edge. 

Roseneeld (Ber,, 1879, 12, 958) obtained a green precipitate on 
adding cuprous chloride, dissolved in a concentrated solution of 
sodium chloride, to an excess of a solution of potassium chromate. 
Similar experiments are now described, and, in addition, the 
dichromate was used, and the order in which the reagents were mixed 
was sometimes reversed. Complex precipitates were obtained, 
differing in colour and constitution according to the method of 
preparation. The reaction is shown to consist essentially in the 
oxidation of the cuprous salt and reduction of the chromate or 
dichromate, with formation of basic compounds, but owing to their 
instability to washing, these compounds do not always give trust- 
worthy analytical results. 

Expebimental. 

Materials . — ^Cuprous chloride, prepared by the method of Wohler 
{Ann. Chem. Pham,, 1864, 130, 373), was stored in the dark in a 
vacuum desiccator, and remained quite white indefinitely (Found : 
Cu, by iodometric method, 64-11, 64-06; by electrolysis, 64-08. 
Calc. : Cu, 64-10%). The other reagents were of A.R, quality ; the 
chromate and dichromate were recrystallised twice and thoroughly 
dried. All solutions were made up free from dissolved air and 
stored tmder hydrogen, and aU the experiments were carried out in 
an atmosphere of the same gas. 

AppGr<j;i^.---This consisted of a wide-necked bottle, of about 1 1, 
capacity, fitted with a rubber stopper carrying a motor-driven stirrer, 
an inlet tube for hydrogen, and a burette. 

The reactions were all carried out at room temperature, except in 
Case n, and the theoretical values in the tables are based on 
equations (1)— (4) on p. 2145. 

Ciise I. When a dilute solution of potassium dichromate is 
slowly added to cuprous chloride dissolved in concentrated sodium 
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chloride solution, a green precipitate is continuously formed until 
the whole of the chloride is oxidised. If the dichromate is added too 
rapidly, some of it reacts with the basic products, which then 
become contaminated with a basic chromate. If this side 
reaction is avoided, reaction takes place in the molecular ratio 
CugClg : K 2 Cr 207 = 3:1, for when known amounts of each reagent 
were used, complete analyses of the precipitates and filtrates gave 
the following values for this ratio : 2-96, 3*02, 2*99, 2*99. 

Known weights of cuprous chloride were oxidised by the addition 
during 5 hours of the calculated volumes of a 1% solution of 
potassium dichromate ; cupric chloride was estimated in the filtrate, 
the amounts of copper thus found being given below as a percentage 
of the cuprous chloride taken. 


G. of CuaCla 
taken (approx.)* 
1 

2*5 

5 


Cone, of sodium chloride solution used. 


15%. 20%. 25%. 

5-64% Cu 5*30% Cu 5-67% Cu 

-- 5*79 — 

5-84 6*45 5*33 


Average 5*57% Cu; theory requires 5*35% Cu. 


The washed precipitates were dried to constant weight at 97®, 
and their analyses are given in Table I. 


Table I. 

Atomic ratios, 

1. 2. 3, 4- 5. 6. Mean. Calc, found, theory. 

Cu,% 43*00 42*92 42*80 42*85 42*82 42-85 42*87 42*38 11 11 

Cr,% 12-85 — — 12*83 12*83 12*84 12*61 4*03 4 

Cl, % — 12-90 — 13-04 — 13*05 

a% 

(corr.)* 12-50 12-55 12*60 12*52 12*89 5*77 6 

HgO, % 18*80 — — 18*70 -- — . 18-75 18-57 

♦ The correction is due to the deduction of chlorine present in the pre^ 
eipitate as sodium chloride. 

Case H. When an attempt was made to oxidise cuprous chloride 
with potassium chromate in the same way, the reaction did not go 
to completionp although different conditions of concentration, time 
of stirring, and temperature (up to 60®) were tried. In two cases 
the partial precipitates were filtered off, washed, dried at 97®, and 


analysed : 






Atomic ratios, 



1. 

2. 

for 1. 

for 2. 

theory. 

Cu, % 


32*09 

6 

6 

a 

Or, % 

..... 13*67 

9*53 

2*09 

1*69 

2 

CI. % 

10-30 


2*25 


2 


Case III. Known quantities. (1*0 — 1-5 g.) of cuprous chfc^ride 
were dissolved in 500 c.o. of 20% sodium chloride solution and added 
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more or less rapidly to excess of potassium dichromate solution; 
brown precipitates were immediately produced, and the filtrates 
contained cupric chloride (Found : Cu, as % of CugCla taken, 10'84, 
lO'SO. Calc. : Cu, 10-70%). The precipitates were washed, and 
dried at 97°. They contained the chromate radical, but no chlorine. 
The analyses are given in Table 11. 

Table II. 

Atomic ratios. 



1. 

2. 

3. 

Mean. 

Calc. 

found. 

theory^ 

c«, % 

36-30 

36-42 

36-44 

36-38 

36-30 

5 

5 

Cr. % 

11-60 

11-70 

11*75 

11-68 

11-87 

1-96 

2 

Cr 04 as % Cr 
HA % 

11-71 

14-58 

11*78 

14-50 

11-76 

11-75 

14-54 

11-87 

14-40 

1-97 

2 


Although the precipitate obtained in Case I reacts with potassium 
dichromate, we have satisfied ourselves that, even on digestion with 
1 % potassium dichromate solution for 2 — 5 days, it cannot be made 
to yield a precipitate of the same composition as that obtained in 
Case ni, for under such conditions the average composition of the 
final product, dried at 97®, was Cu, 37-86 ; Cr, 13*12 ; Cr, present as 
Cr 04 , 8*15 ; Cl, 10-26%. It will be seen that although a large per- 
centage of chromate radical is now present, very little change has 
taken place in the ratio Cu : d. 

Case IV. These experiments were carried out in. the same way as 
those in Case III, potassium chromate being used instead of the 
dichromate. This was a repetition of Rosenfeld’s {he, cit.) experi- 
ment, as far as could be gathered from the available details. The 
washed precipitates were dried at 110®, as in his experiments, and the 
results are shown in Table III. Our figures are in better agreement, 
among themselves, than Rosenfeld’s, and the atomic ratios agree 
better with equation (4) than do those obtained from his results. 


Table in. 


Atomic ratios, 



1. 

2. 

3. 

Mean. 

Calc. 

found. 

theory. 

Cu, % 

43-55 

43-50 

43-64 

43-56 

43-65 

6 

6 

Cr, % 

11-60 

11-72 

11-70 

11-67 

11-91 

1-97 

2 

Cr 04 as %0 

6-14 

6-01 

6-13 

6-09 

5-95 

1-03 

1 

Total Cr, % 

HA % 

17-74 

16-01 

17-73 

17-83 

16-62 

17-76 

16-31 

17-86 

16-50 

3-00 

3 


Discussion. 

It is noteworthy that, in spite of variations in the concentration 
of the sodium chloride solution and of casual alterations in the time 
and other conditions, the analytical results are so constant for each 
set of experiments. Another point of interest is the fact that the 
reagents are not used up in every case in the proportions given by 
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the simplest equations by ■which the reactions can be expressed, 
viz., (6) and (6). The results of the analyses show that further 
reactions have taken place, and we give below equations for these 
secondary reactions. Equations (1), (2), (3), and (4) express, for the 
respective cases, the sum of aH the reactions, and it is from these 
equations that the theoretical values in the tables have been 
calculated. 

For Case I. 

2(3Cu2Cl2 + KaCrgOy + TH^O) = 2[2KC1 + 2CuCla + 

4Cu(OH)2 + 2Cr(OH)3] (6a) 

CuCIa + 2 Cu(OH )2 + HjO = 2Cu0,CuCl2,3H20. 

20 u (32 + 6Cu(0H)a + 2H2O = 2(3Cu0,CuCl2,4H20) 
or 6CU2CI2 + 2K2Cr207 + nHjO = 4KC1 + CuCJia + 
2Cu0,CuCl2,3H20 + 2(3Cu0,0uCla,4H20) + 

4Cr(OH)3 (1) 

For Case II. 

SCuaCL + 2K2Cr04 + SHjO = 4KC1 + CuCL + 

5Cu(OH)2 + 2Cr(OH)3 (6) 

CuCla + 3 Cu(OH) 2 = 30uO,CuC!l2,3H2O 
or 3OU2CI2 + 2K2Cr04 + SHjO = 4Ka + 

3CuO,0uCl2,3H2O + 2 Cu(OH )2 + 20r(OH)8 . . (2) 

For Case m. 

SCugda + K2Cr207 + 7H2O = 2Ka + 

2 CUCI 2 + 4Cu( 0H)2 + 2Cr(OH)3 . . . . . (5) 

Cu(OH)a + KaCrsO? = CuCrOi + K 20 r 04 + HgO 
KaCrO^ + CuOa = CuCrOi + 2m 
2 Cu 0 r 04 + 3Cu(OH) 2 + HaO = 3Cu0,2CuCr04,4H20 
or 3CU2CI2 + 21120207 + 7H2O = 4Ka + CuOa + 

3Cu0,2OiO04,4Ha0 + 20(OH)8 . . . . (3) 

For Case IV. 

SCuaOa + 2KaO04 + 8H2O = 4KC1 + CuCla + 

5Cu(OH)2 + 20(OH)3 ( 6) 

OiCla + E2OO4 = 2KC1 + CUOO4 
CUOO4 + 20u(0H)2 = 2Cu0,CuO 04,2H20 
or 3Cu2GIa + 3K2OO4 + 8H2O = eKCl + 

2Cu0,0uO04,2Ha0 + 3Cu(OH)2 + 2O(0H)3 . (4) 

Chromates of chromium have been intentionally ignored, on 
account of the doubt as to their existence in presence of water. The 
basic chlorides and chromates of copper given above are all Iqmm, 
except 30a0,2CuO04,4H20 ; Rosenfeld (Ber., 1880, 13, 1470), 
however, has described the compound 60u0,2CuO04,6Hap, 
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The compound SCuOjOttClgjfflaO has been characterised by 
Britton (J., 1925, 127, 2803). 

In the equations for the secondary reactions, cupric hydroxide is 
imagined as behaving at the moment of formation like an electrolyte, 
and this supposition explains the interesting fact that the reaction 
proportions and products vary with the manner of mixing the 
reactants. 

Surmnary, 

(1) The interactions of cuprous chloride, dissolved in a solution of 
sodium chloride, with potassium chromate and dichromate have 
been studied. 

(2) The colour and composition of the precipitates formed 
depend on the chromate used and on the manner of precipitation. 

(3) The precipitates have been analysed, and equations involving 
basic copper salts have been proposed, according to which the 
formation of these basic salts is ascribed to secondary reactions. 

The EoyaIi Technical College, 

Salpobd. [ Beceived , May 1th, 1928.] 


CCLXXXII . — Acid and Salt Effects in Catalysed 
Eeactions. Part XV. The Catalytic Activity of 
Hydrochloric Acid in the Hydrolysis of Ethyl 
Acetate. 

By Habey IIedpoeth Dawson and WmixiAH Lowson. 

The experiments to be described in this paper represent an attempt 
to measure as accurately as possible the catalytic effect produced 
by hydrochloric acid of widely varying concentration in the 
hydrolysis of ethyl acetate. 

If the active mass of the hydrolyte is constant and the catalytic 
effect is assumed to be due to the hydrogen ion, then according to 
the classical theory the reaction velocity should be given by the 
equation v = feca. On the other hand, the equation for the velocity 
according to the activity theory is v = fe'oH == h% • in which the 
activity coefficient /h Yaries with the hydrogen-ion concentration, 
or, more generally, with the ionic concentration of the reaction 
medium. 

According to Bronsted {Z. phyaihiL Chem,, 1922, 102, 169 ; 1925, 
115, 337), these equations are particular forms of a more general 
equation, for the applicability of which a substantial amount of 
experimental evidence has been brought forward. In terms of 
this equation, the influence of the ionic environment which is 
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expressed by /h depends on the nature of the primary reaction. 
If this involves the interaction of the hydrogen ion with a neutral 
molecule, the reaction velocity should not be greatly affected by 
the ionic concentration of the reaction medium, but the converse 
w''ould be true if the primary change involves the interaction of the 
hydrogen ion with a negatively charged entity. 

For certain reactions, it may not be difficult to identify with some 
degree of certainty the constituents which are involved in the 
]Drimary change, but this is by no means generally the case. In 
such circumstances it cannot be definitely stated whether a given 
reaction will or will not be markedly affected by variations in the 
ionic environment. This, indeed, is a matter for experiment, and 
in the consideration of the data yielded by experiments on acid- 
catalysed reactions it is of the first importance to ascertain whether 
the observed catalytic effect is simple or composite. This necessi- 
tates the consideration of the effects which may be produced by 
neutral molecules and negative ions, as well as those which are due 
to the hydrogen or other similar positive ions. Unless due 
regard is paid to the possibility of such simultaneous catalytic 
effects, it is scarcely feasible to discuss the question whether the 
catalytic activity of the hydrogen ion is proportional to its con- 
centration, or whether it is dependent on a factor which varies 
very appreciably with the ionic concentration of the reaction 
medium. Furthermore, since the ionisation constants of weak 
acids are changed by the addition of catafytically inert salts, it is 
obvious that any attempt to discriminate between concentration 
and "‘activity” as the factor which determines the catalysing 
power of the hydrogen ion requires a careful choice of the experi- 
mental conditions. These should be such that the observed 
catalytic effect can with reasonable certainty be ascribed entirely 
to the hydrogen ion, and it should further be possible to measure 
the reaction velocity over a wide range of hydrogen-ion concen- 
trations, for which range the correspondiug variations in the 
thermodynamic activity should be known with some degree of 
certainty. 

These considerations suggested hydrochloric acid as a suitable 
catalyst for investigation, for, on the one hand, there is good reason 
to suppose that this acid is almost completely ionised in dilute 
solution and that the catalytic effects produced by it may be ascribed 
entirely to the hydrogen ion, and, on the other, the dependence of 
the thermodynamic activity of hydrochloric acid on its concentration 
has been determined with considerable precision by various methods. 

In selecting the hydrolysis of ethyl acetate as an acid-catafy^ 
reaction for which the requisite conditions would appear to be 
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satisfied, we were also influenced by the circumstance that this 
reaction had been previously studied with results which were said 
to support the view that the catalytic effects produced by hydro- 
chloric acid are related to the thermodynamic activity of the 
hydrogen ion. 

The data recorded by Harned and Pfanstiel (J, Amer. Chem. Soc., 
1922, 44, 2193) suggest that the specific catalytic activity of hydro- 
chloric acid passes through a minimum at a concentration of 0*07 — 
0-08 mol. per litre. This minim nm is supposed to be connected 
with a minimum in the activity coefficient of the hydrogen ion, 
which according to these authors occurs at an acid concentration 
of 0*15 — 0*18 mol. per litre. 

IVom a study of the effects produced by the addition of chlorides 
to a 0-05^-hydrochloric acid solution, Akerlof {Z, physikal, Chem., 
1921, 98, 260) draws the conclusion that the catalytic activity of 
the acid is proportional to the cube root of the activity of the 
hydrogen ion. Such a relation can scarcely be regarded as other 
than empirical. For other reactions, e.g., the inversion of sucrose 
(compare Jones and Lewis, J., 1920, 117, 1120; Moran and Lewis, 
ibid., 1922, 121, 1613; Scatchard, J. Amer. Chem. Soc., 1921, 43, 
2387), where the experimental results have been interpreted in 
terms of the activity of the hydrogen ion, the proof of the alleged 
relation between reaction velocity and hydrogen-ion activity 
appears to be equally inconclusive. The conversion of w^T'-chloro- 
acetanilide into p-chloroacetanilide in presence of hydrochloric 
acid (compare Harned and Seitz, J. Amer. Chem. Soc., 1922, 44, 
1475 ; Soper and Pryde, J., 1927, 2761) is not catalysed by hydrogen 
ions and will not therefore be discussed here. 

The evidence for the view that the rate of hydrolysis of ethyl 
acetate with hydrochloric acid as catalyst is determined by the 
thermod 3 niamic activity of the hydrogen ion did not seem to us 
to be acceptable, and for this reason new measurements have been 
undertaken which extend the previous lower limit for the con- 
centration of the hydrochloric acid from 0-01^ (compare Taylor, 
Medd. E. Vetenskapsakad. Nobel.-Inst., 1913, 2, No. 34; Harned 
and Pfanstiel, loc. cit.) to the much lower value 0*00022\?^. 

When the concentration of the hydrochloric acid is less than 
Q^OIN, the course of the reaction is markedly affected by the acetic 
acid produced. This autocatal 3 rtic influence of the acetic acid, 
which increases as the concentration of the hydrochloric acid 
diminishes, precludes the use of any simple integration formula 
in the co-ordination of the experimental data. We have therefore 
attempted to measure directly the velocity of the reaction in the 
early stages of hydrolysis. These measurements were made at 
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26° with a fixed concentration of ethyl acetate (e = 0*206 mol. per 
litre) in presence of hydrochloric acid varying in concentration 
from ,c = 0*0002 to c = 0*002 mol. per litre. Carefully selected, 
chemically inert flasks were used as containers. 

In these experiments, the reaction was allowed to proceed until 
a small proportion (0*5 — ^3%) of the ester was hydrolysed. If Aa; 
denotes the concentration of the acetic acid formed during the 
interval t, then 5 = Ax/t represents the mean velocity for this 
period, and x ^ Ax 12 is the mean concentration of the acetic 
acid. For the attainment of the primary object of these experiments 
zt was soon realised that the values of x which determine the magni- 
tude of the autocatalytic effect must be kept as small as possible, 
and this necessitated the carrying out of the observations on a large 
scale which may be illustrated by reference to the detailed pro- 
cedure followed in an experiment with O'OOOSAT-hydrochloric acid. 
The requisite amount of a O-OlAT-hydrochloric acid solution was 
weighed into a 250 c.c. flask, and freshly distilled water was added 
to give about 240 c.c. of solution. When the temperature had 
reached 26°, 5*00 c.c. of ester were added and the volume was made 
up to 250 c.c. After a suitable interval (about 4 days) the entire 
contents of the flask were titrated with 0*ljN’-sodium hydroxide 
solution. The initial acidity was derived from the immediate 
titration of a similarly prepared parallel solution. For t = 6864 
minutes, the titration difference thus obtained was 10*83 c.c., which 
represents 2*1% hydrolysis and corresponds with Ax = 0*00433, 
X = 0*00216, and u = 7*38 x 10-^ mol. per litre per minute. 

If for small values of a?, the magnitude of which depends on the 
concentration (c) of the hydrochloric acid, the observed mean 
reaction velocities (u) are plotted against the corresponding mean 
acetic acid concentrations (a;), a straight line is obtained. By 
extrapolation to a; = 0, the autocatalytic effect may be eliminated, 
and the initial velocity Vq due to the undisturbed action of the 
hydrochloric acid may be derived. Since the mean ester con- 
centration {e — x) falls slightly as x increases, more strictly com- 
parable velocities are those given by v' == vefie — a;), but as a 
matter of fact the substitution of v' for v makes no appreciable 
difference to the value of the extrapolated initial velocity. The 
graphs of v against x are shown in Fig. 1, and the initial velocities 
derived from these are Vq = 13*40 X l(h’, 6-70 X lO-*^, and 2*66 X 
lO""^ respectively for c = 0*001, 0*0006, and 0*0002 mol. per litre. 
From these initial velocities, the values of the catalytic coefficient 
A are then given byjfc == «?0/c6. 

As the concentration of the hydrochloric acid increases, the autp- 
catalytic influence of the acetic acid diminishes rapidly-, For 
4 b 
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0-002iV'-hydrocliloric acid, the autocatalytic effect is almost exactly 
counterbalanced by the effect of the fall in the ester concentration, 
with the result that the observed mean velocity in the early stages 
of hydrolysis is practically identical with the initial velocity. 

In hydrochloric acid solutions more concentrated than O-OliV, 
the autocatalytic effect may be almost entirely neglected in com- 
parison with the change in the velocity which is due to the fall in 
the ester concentration, and for these solutions the velocity coefficient 
has been derived from the formula h jet , log e/(e — Aa;), having 

Fig. 1. 
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0‘00I^-HCI 
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o-oooSjtHCl 
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0OOS3L 


O'OQtf 






Plot of mean reaction velocity (v) against mean acetic acid cbnoenircEtion 
(x) for O’OOINT-, O’OOOSN-, and 0‘0002N-%c?rocAimo add as catalyst, 

due regard for the range over which this is applicable without 
appreciable interference from the reverse reaction (compare Bawson 
and Lowson, J., 1927, 2107). 

The values of k obtained by the above methods are in Table I. 

Table I. 

0-0002 0-0005 0-001 0-002 0-01 0-02 0-04 0*1 0-5 

6-43 6-60 6-50 6-49 6-54 6-45 6-50 6-48 6-76 

In the consideration of these figures, it may be noted that c = 
0-0002 represents the lowest concentration of hydrochloric acid 
for which it is possible in practice to make use of the linear extra- 
polation method. At greater dilutions, the autocatalytic effect 
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plays too large a part. For the interval c = 0*0002 — 0*2, the 
constancy of k, within the limits of experimental error, si^iifies 
that the catalytic activity of the hydrochloric acid is proportional 
to its concentration. Over this range the activity coefficient falls 
from 0*994 to 0*783 (Lewis and Randall, Thermodynamics ”) and 
the mean activity coefficient from 0*997 to 0*884. According to 
Harned (J. Amer, Chem. /Soc., 1920, 42, 1818), the fall in the indi- 
vidual activity coefficient of the hydrogen ion is less than this, but 
the argument on which this conclusion is based seems doubtful. 
In the circumstances, the mean activity coefficient would seem to 
afford the only data for comparing the activity and the concen- 
tration of the hydrogen ion, and as is evident from the constancy 
of ft in the above table, there is no apparent connexion between 
the catalytic activity and the thermodynamic activity. 

The fact that k increases with c at higher concentrations (com- 
pare, e,g,, Harned and Pfanstiel, Zoc. cit) may be due to the action 
of undissociated hydrochloric acid, which is in all probability a 
very active catalyst. Ionic effects of the kind associated with 
catalyticaUy inert salts (compare Dawson and Key, this voL, p. 1239) 
may also play a part, and it does not yet seem possible to attempt 
the interpretation of the observations which have been made on 
the action of hydrochloric acid in concentrated solutions. 

The mean reaction velocities used in the above-described method 
for the elimination of the autocatalytic effect represent only a part 
of the observations made vrith dilute hydrochloric acid solutions. 
Other measurements were made in which the proportion of acetic 
acid was greater, and prior to the consideration of the experimental 
data, the catalytic process may be subjected to closer analysis. 

In accordance with previous results, the equation for the reaction 
velocity may be written 

== 

= {^^[H'**] H" iosCOH'"] + “I- ^[H20] -j- 

i;,j[HA]} . [ester][water] . (1) 

Since Aon/fe = 10®? follows that the z?oh term may be neglected 
if the hydrogen-ion concentration is greater than 10”*. This was 
actually the case in all experiments. From the ratios kajk^ =: 
3*3 X 10”® and hilh = 2*4 X 10”* (Dawson and Lowson, J., 1927, 
2444) it is also apparent that Va and may be neglected in com- 
parison with Vh- The term is probably extremely small, evidence 
for this view being afforded by the reaction- velocity data for mixtures 
of the series 0 * 10 H 3 * 002 H + rcCHg-OOgNa, which can be satM- 
factonly interpreted without the introduction of such a term. It 
would therefore appear that the velocity of hydrolysis under the 
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conditions oi these experiments is determined by the concentration 
of the hydrogen ion. We may therefore write 

V = &*[£[■*■ ][rater][wat®] = l:[H+]te8ter] . . (2) 

Ehnrthermore, since [H+] = [Cl“] + [A“] = c + [A“] 
and [A-] = K{x - [A-])/(c + [A-]) 

we derive [H+ ] = c + i{ V (K + c)® +iKx-{K + c)} (3) 

For such small differences in the concentration of the acetic acid 
as are involved in the determination of the hydrogen-ion con- 
centration given by (3) and the corresponding reaction velocity 
given by (2) are linear functions of a?. It follows that the observed 
mean reaction velocity v = Axjt should be very nearly identical 
witib the actual velocity due to the catalytic action of the mixture 
cHd + i^CHa-OOgH, where x is the mean concentration of the 
acetic acid for the interval t. Equation (2) may therefore be 
written in the form 

k = Aa;/[H+]{e — \Lx)t ..... (4) 

When the values of [H+] derived from (3) by the introduction 
oiK^ 1*86 X 10“® are used to calculate h from (4), it is found that 
k dixoinishes slowly as the concentration of the acetic acid increases. 
This suggests that the ionisation constant of the acetic acid in the 
ester solution is less than the value for pure aqueous solutions. 
In view of the fact that the hydrogemion concentration of aqueous 
solutions of weak acids is very appreciably reduced on the addition 
of substances such as ethyl alcohol^ acetone, etc., it may indeed be 
expected that ethyl acetate, as a substance of low dielectric capacity, 
will produce a similar and even greater effect. Evidence of this 
reduction is afforded by the data obtained in the experiments of 
Dawson and Lowson (Zoc. ciU) on the rate of ester hy^olysis with 
acetic acid as catalyst, from which the value derived for AV K is 
2-61 X 10“®. Combining this with jfc = 6-6 X 1(H, we obtain 
jST = 1*6 X 10"® for the ionisation constant of acetic acid in a 
04-moIar solution of ethyl acetate. 

In qualitative agreement with tiiis result, it has been found that 
the conductivity (#c} at 25® of a O-l.J/’-solution of acetic acid in the 
above solvwt (40 c.c. of ester p^ litre) is only 4*57 X 10“^ mho as 
compared with k = 5*30 X 10^ mho when the solvent is pure 
water. This difference may be due in part to a change in the ionic 
mobilities, but there can be little doubt that the presence of the 
ester reduces the ionisation of the acetic acid. In the presence of 
hydrochloiio acid the redactimi may be counteracted to some extent 
as a result of the increase in the ionic concentration in the environ- 
n^t of the dissociable acetic acid molecules, but since the hydro- 
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chloric acid concentrations concerned are very small, this effect is 
probably not of much importance. A detailed investigation of the 
relations in question might enable us to express the ionisation 
constant as a function of the concentrations of the ester and of the 
hydrochloric acid, but the necessary data are not available. In 
these circumstances the ionisation constant has tentatively been 
given the value A' = 1-6 X lO*®, in terms of which it is possible, as 
will be shown, to give a satisfactory account of the observed reaction 
velocities. 

The results are summarised in Table II. Col. 1 gives the time 
intervals in minutes; Col. 2 the quantities of ester in mols. per 
litre hydrolysed during these intervals; Col. 3 the mean reaction 
velocities Ax/t . 10^ ; Col. 4 the mean ester concentrations (e — Aa5/2) ; 
Col. 5 the m^n acetic acid concentrations {x . 10^) ; Col. 6 the mean 
hydrogen-ion concentrations [H+] . 10® ; and Col. 7 the velocity 
coefficients (k , 10®) derived from equation (4). It is apparent that 

Table II. 



Aa; . 103. 

V. 10’. 

e •— |Aa:. 

0*0002iV.HCl 

a; . 10®. 

[H+] . 10®. 

fc. 10® 

1230 

0*348 

2-83 

0-206 

0-174 

0*212 

6-48 

1431 

0*392 

2-74 

0-206 

0-196 

0-213 

6-24 

2543 

0*764 

3*00 

0*206 

0-382 

0-226 

6-48 

3078 

0*964 

3-13 

0-206 

0-482 

0-231 

6-68 

4213 

1*332 

3-16 

0-205 

0-666 

0-241 

6-40 

6798 

2*39 

3*61 

0-205 

0-0005JV-HC1 

M95 

0-267 

6-42 

1523 

1*05 

6-89 

0-206 

0*526 

0-516 

6-49 

2802 

1*96 

7-00 

0-205 

0*980 

0-529 

6-45 

4170 

3*01 

7-22 

0-206 

1-60 

0-643 

6-49 

5711 

4*22 

7*39 

0-204 

2*11 

0-659 

6*48 

5864 

4*33 

7*38 

0-204 

2*16 

0-660 

6-46 

8576 

6*54 

7*63 

0-203 

3*27 

0-687 

6-40 

2905 

2*62 

8-63 

0-205 

6*26 

0-660 

6-611 

5703 

6*01 

8-78 

0-204 

7-60 

0-674 

6-39 j 

2859 

2*79 

9-76 

0-205 

11-40 

0-741 

6-421 

5709 

6*70 

9*98 

0-203 

12-86 

0-763 

6:45 

8572 

8*62 

10*06 

0-202 

O-OOW-HCl. 

14-3 

0-786 

6-34. 

2726 

3*71 

13-62 

0-204 

1-85 

1-027 

6-60 

2987 

4*08 

13*66 

0-204 

2*04 

1-030 

6-61 

3970 

5*46 

13*76 

0-203 

2*73 

1-040 

6-51 

6744 

8*06 

14-03 

0-202 

4-03 

1-059 

6-66 

6988 

9*84 

14*07 

0-201 

4-92 

1-072 

6-52 

8630 

12*20 

14-12 

0-200 

0-002JV.Ha. 

6-10 

1-088 

6-60 

1422 

3*81 

26-8 

0-204 

1-90 

2*016 

6-62 

1560 

4*16 

26-7 

0-204 

2-08 

2-015 

6-47 


* In these experiments acetic acid was added at the commencement to 
give a 0*005A7'-solntion. 

t Initial addition of acetic acid to give a 0*01J^**solu.tion'. ' u 
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the measured reaction velocities can be satisfactorily interpreted in 
terms of equation (4), for the variations in the tabulated values of h 
are within the limits which are attributable to experimental error. 

With reference to the magnitude of the autooatalytio effects which 
are involved, it may be noted that the observed velocity increases 
by about 25% in the experiments with 0*0002^-hydrooUorio acid, 
and by about 40% in those with 0*0006^-hydroohloric acid. The 
maximum velocity {v = 10*06 X 10“’) in the latter series corresponds 
with a solution in which the mean concentration of the acetic acid is 
nearly thirty times as great as the concentration of the hydrochloric 
acid. These figures serve to indicate the range of the variations 
which are associated with the measurements recorded in the table. 

The results afford additional support for the contention that the 
rate of hydrolysis of ethyl acetate is determined by the hydrogen-ion 
concentration of the solutions. Considered in the light of Bron- 
sted’s “ intermediate complex theory, they would seem to indicate 
that the primary stage of the reaction consists in the interaction 
of the hydrogen ion with the electrically neutral ethyl acetate 
molecule. 

Summary. 

The catalytic effects produced by hydrochloric acid in the 
hydrolysis of ethyl acetate have been examined over a wide range 
of acid concentrations. 

A method for the elimination of autooatalytio effects and for the 
determination of initial velocities is described. 

For concentrations of hydrochloric acid between 0*0002 and 0*2 
mol. per litre, the initial velocity is proportional to the concentration 
of the acid. 

At all stages the velocity is determined by the hydrogen-ion 
concentration of the solution. 

The catalytic activity of the hydrogen ion would thus appear to 
be determined by its concentration and not by its thermodynamic 
activity. 

Tse XJmvEBSiT?, Leeds. [Eeceived, May I9th, 1928.] 

OCLXXXin. — Acid omd Salt Effects in Catalysed 
Reactions. Part XYI. Catalytic Effects in the 
lodination of Mesityl Oxide. 

By Hajbby Medfobth Dawson and Abthue Key. 

The experiments now to be described originated in the observation 
that an old sample of acetone sodium bisulphite reacted abnormally 
quickly with iodine. It was suspected that the presence of con- 
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densation products might be the cause of this enhanced reactivity, 
and preliminary experiments with mesityl oxide showed that this 
substance in dilute aqueous solution reacts very rapidly with iodine 
and that the change is similar to that which occurs with acetone — 
the reaction is catalysed by acids, and for a given hydrogen-ion 
concentration the velocity is proportional to the concentration of 
the mesityl oxide and independent of the concentration of the 
iodine. It follows that the rate of disappearance of the iodine is 
determined by a preliminary change in the mesityl oxide, and that 
the iodine reacts immediately with the product of this trans- 
formation. 

For the same concentration of ketone, and with dilute hydro- 
chloric acid {e,g,, O-OIN) as catalyst, the mesityl oxide reaction 
takes place more than 200 times as rapidly as the acetone reaction, 
and this high speed suggested that a study of the autocatalytic 
change would provide a convenient starting point in the investig- 
ation of the factors which determine the velocity of the reaction. 

Early experiments of this kind showed that the course of the 
autocatalysed reaction is similar to the corresponding reaction with 
acetone. In its later stages, the velocity can be represented fairly 
satisfactorily by the simple autocataljiiic equation dxjdt = hmx, in 
which m represents the concentration of the mesityl oxide, and x 
the concentration of the catalytically active hydrogen ion in the 
form of hydriodic acid, which is measured by the fall in the concentra- 
tion of the iodine in accordance with the equation CgHigO + 12 — y 
CeH 9 lO + HI, Integration of the differential equation gives 
log X =: hrd + constant, and in agreement with this it was found 
that the plot of log x against t for the later stages of the reaction 
gave approximately a straight line. Very considerable deviations 
from the straight line were always found, however, in the initial 
period, and these deviations were such as to show clearly that the 
velocity of the reaction in its early stages is much greater than can 
be accounted for by the above equation. We were at first inclined 
to seek an interpretation of these oft-repeated observations in the 
joint catalytic action of the hydrogen and hydroxyl ions, but later 
experiments showed quite definitely that the combined action of 
these ions does not account for the facts, which, indeed, can only 
be explained by the further assumption that catalytic effects of 
considerable magnitude are to be attributed to the undissociated 
water molecules. 

Attention may fiirst be directed to some of the difl&culties which 
were encountered in the earlier experiments on the autocatalysed 
reaction. These showed large differences in the behaviour in 
initial stages of the reaction when different samples of 
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oxide T^re employed. Some of the latter were obtained by repeated 
fractional distillation of commercial specimens, and others were 
prepared by ns from acetone by conversion into diaoetone-alcohol 
which was separated and snbseqnently converted into mesityl oxide 
by distillation with a very small quantity of iodine (BBbbert, 
J. Amer. Ghem. 8oc., 1916, 37, 1748). With such samples of mesityl 
oxide, which were almost identical in density and refractive index, 
the times required for the autocatalysed change to proceed to 
the same point under precisely the same conditions varied very 
widely. With a concentration of 4 c.c. of mesityl oxide and 0*001 
mol. of iodine per litre, the time occupied by the disappearance of 
the iodine ranged from 40 to 200 minutes, although the course of 
the reaction in the later stages was the same in each case within 
narrow limits. 

These results directed our attention to observations recorded by 
Harries (Her., 1899, 32, 1329 ; Annakn, 1904, 330, 189), who found 
that a specimen of mesityl oxide could not be entirely dissolved 
in a 40% solution of sodium bisulphite. The insoluble fraction, 
amounting to 30%, differed but little in density and refractive index 
from the original and gave the same cia- and ircms-oximes. Since 
the mesityl oxide recovered from the bisulphite solution dissolved 
completely on renewed treatment with this reagent, Harries came 
to the conclusion that mesityl oxide is not chemically homogeneous 
and that a new type of isomerism is involved. In similar experi- 
ments, Morton (J., 1926, 719) failed to detect any such abnormality 
in the behaviour of mesityl oxide, and inferred that some unrecorded 
factor was involved in the work of Harries. Our own observations 
would suggest that the mesityl oxide examined by the latter was 
impure, for we have found that the miscibility of mesilrfl' oxide, 
with water is very greatly reduced by the impurities Which are usually 
present in the ordinary preparations. 

In partial explanation of the inconsistencies in the behaviour of 
different samples of mesityl oxide in the autocatalysed reaction 
with iodine, it was found that these contained varying amounts of 
an acidic substance which is not removed by distillation, but which 
can be separated by treatment with a dilute solution of alkali, or 
even by repeated extraction with water. After such treatment, the 
various samples showed much closer agreement in their behaviour 
imder cdaditions afforded by autocatalysis. When, however, 
th^ acid-free specimens were examined with reference to the 
Yclooity of iodinatioh in acetate buffers of 6 — 5*5, they exhibited 
marked differences, and’ this suggested the presence of a non-acid 
impurity. The removal of this was eventually effected by crystal- 
lising the mesityl oxide from a solution of the acid-free samples in 
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light petroleum. By the use of liquid air to obtain the necessary 
low temperature, the crystals were separated by filtration and freed 
from solvent by distillation. The mesityl oxide was then examined 
by measuring the velocity of iodination in an acetate buffer of 
6*2. The results obtained after one, two, and three crystallis- 
ations were : 


Mesityl oxide (acid-free). 
Purified by distillation ........ 

Once crystallised 

Tvdce crystallised 

Thrice crystaUised 


M. p. Velocity of iodination. 
- 44 * 0 ® 2-0 

- 42-6 1-2 

- 41-5 0-91 

- 41-6 0-87 


From the above data it would appear that the product obtained 
in the second crystallisation is very nearly pure, and this is the 
material which has been \ised in our final experiments. These, it 
may be noted, have not disclosed any factor which was not already 
indicated in the earlier experiments with less pure samples of 
mesityl oxide. 

Under the conditions of the experiments which we have made 
with mesityl oxide, there is a close similarity in the behaviour of 
this substance and of acetone towards iodine, but it should be noted 
that marked differences are shown in the reactivity of the respective 
iodo-substitution products. The iodomesityl oxide would appear 
to undergo hydrolysis very readily, for when the solution in which 
the reaction has proceeded to completion is titrated with standard 
alkali and phenolphthalein as indicator, the consumption of alkali 
is nearly twice that required by the hydriodic aeid formed in the 
primary reaction. The iodomesityj oxide also reacts readily with 
sodium thiosulphate, and the reactivity disclosed by these observ- 
ations restricts to some extent the range of the conditions which 
are suitable for measurements of the velocity of iodination. There 
are, however, substantial grounds for the belief that the essential 
factors- associated with this reaction have been identified and 
evaluated. The measurements to be described include observations 
on the catalytic activity of hydrochloric and acetic acids, on the 
velocity in buffer solutions, and on the course of the autooatalysed 
reaction. On account of the limited solubility of (impure) mesityl 
oxide in water, the solvent used at first contained 6% (vol.) of 
alOohol, and since this solvent facilitated the addition of small 
quantities of mesityl oxide in the form of an alcohohc solution, it 
was employed in all the experiments. The standard concentration 
of the mesityl oxide was 4*00 o.c. per litre (0‘036if), and as a 3?ule 
iodine was added to give a 0‘OOlJf -solution. The temperatee 
was 25®. ’ M _ 

Pydrochi>riQ Acid oa C<Myst . — ^In oonsequ^ca of the high 
4b 2 " 
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of the reaction in dilute hydrochloric acid solution, the progress of 
the change could not be followed by the customary method of 
titration with standard thiosulphate, and the following method was 
therefore adopted. At a given instant the reaction was started 
by the addition of a measured quantity of iodine to the solution 
containing the mesityl oxide and hydrochloric acid, and when the 
reaction was nearly completed a little starch paste was added and 
the time noted at which the blue colour disappeared. This method 
has also been used in some of the experiments with acetic acid as 
catalyst. Such experiments give the mean reaction velocity v, 
and from a series in which the quantity of added iodine is varied, it 
is possible to determine the initial velocity of the reaction. Table I 
gives the results for such experiments with O-OlOliV-hydrochloric and 
with 0*05A^-acetic acid. 

Table I. 



O-OIOIJV-HCI. 


O-OSiNT-CHa-COsH. 

Ij (mol./l.). 

t (mins.). 

V X 10«. 

la (moLAO- 

t (mins.). V X 10^. 

0-0005 

3*20 

1-56 

0-0005 

30-9 0-162 

0-0010 

6-27 

1-60 

0-0010 

54-5 0-183 

0-0015 

9*16 

1*64 

0*0015 

72-8 0-206 


In each series, the mean velocity increases with the iodine con- 
centration. This is connected with the increasing catalytic effect 
of. the hydriodic acid produced, although the influence of the latter 
is to some extent counteracted by a fall in the concentration of the 
mesityl oxide. It is sufficient to note that the mean velocity is a 
linear function of the original iodine concentration and therefore 
that it is possible to derive the initial velocities for each series. The 
values so obtained are 1*52 x lO"^ for O-OlOliV-hydrochloric acid 
and 0-141 X 10”* for 0-05jN^-acetic acid. 

!From similar series of experiments with hydrochloric acid solu- 
tions of varying concentration, it has been found that the initial 
velocity (vq) is almost exactly proportional to the concentration (c). 
On the assumption that the catalytic effect under these conditions 
is attributable to the hydrogen ion, these experiments give for 

= VqJc the value 0-015. Other observations suggest a somewhat 
lower value, viz.^ kn = 0*0147. 

Beaction Velocity in Buffer Solutions . — ^The possibility that the 
unexpectedly high speed which had been observed in the early 
stages of the autocatalysed reaction might be due to the catalytic 
effect of water molecules led us to investigate the velocity of the 
reaction in buffer solutions of different pa various concentrations. 

For a buffer solution containing the weak acid HA and the salt 
MA, the observed reaction velocity may be represented by 

^ ^ + + % + Vn, . . . . ( 1 ) 
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in which the successive partial velocities correspond with the catalytic 
action of the hydrogen ion, the hydroxyl ion, the water molecule, 
the acid ion A“, and the undissooiated acid molecule HA. When 
the acid-salt ratio of the buffer mixture has a fixed value, the first 
three partial velocities are constant and the above equation may 
be written 

(la) 

where which represents the velocity at zero buffer concentration, 
depends only on the hydrogen-ion concentration, and which 
represents the catalytic effect of the buffer constituents, is pro- 
portional to the concentration of the buffer solution. In other 
words, the measured velocity is a linear function of the concentra- 
tion of the buffer. Velocity measurements for a fixed buffer ratio 
and varying buffer concentration lead, therefore, by linear extra- 
polation to the corresponding Vq, and such values in their depend- 
ence on ps. correspond with points on the water catenary 
(H+-H2O-OH-). 

Acetate buffers were used for the most part, but the higher ps. 
values were stabilised by means of phosphate buffers. Since the 
solvent contains 5% of alcohol, the dissociation constants of the 
acetic and phosphoric acids are appreciably less than for pure water. 
In the case of acetic acid this reduction is indicated by measure- 
ments of conductivity and of hydrogen potential, and comparative 
observations on the catalytic activity of acetic acid in water and 
in 5% alcohol suggest that the constant is reduced from 1*85 X 
10"® to 1*7 X 10"®. It will be assumed that the proportional 
reduction in the second-stage constant -ffg phosphoric acid has 
the same value, i.e,, if X 10"^ for aqueous solution, the 

value for 5% alcoholic solution becomes 1*0 X 10"^. 

In Table II the results are summarised. The buffer mixtures 
are indicated in col. 1 ; col. 2 gives the pa ; col. 3 the hydrogen-ion 
concentrations derived from the ionisation constants of the acids ; 
col. 4 the concentrations of the acid (c') and salt ( 5 ) ; col. 5 the 
observed initial velocities ; and col. 6 the values of Vq derived by 
extrapolation from the straight line which gives the connexion 
between v and c' (or s). 

When the values of are plotted against ps^ the catenary curve 
shown in Pig, 1 is obtained. According to this the minimum, 
velocity v* is 0*75 X 10"®, and the of the isocatalytic point 6*68 
or [H+]i = 2*1 X 10"®. This minimum velocity is about twelve 
times the magnitude of the velocity due to the joint action of th,e 
hydrogen and hydroxyl ions, for the latter is given by = 2iA|H+3,* 
= 2 X 0*0147 X 2*1 X 10"® = 0*062 X 10"®. The difference be- 
tween Vi and Ui must be due to the catalytic action cff tfes 
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Table II. 


Buffer 

mixture. 

Pk* 

[H+].105. 

lOHAo 4- INaAo 

3-77 

17-0 

3HAc + INaAo 

4-29 

6*1 

IHAo 4- INaAc 

4-77 

1-7 

IHAc 4“ 3NaAc 

5-24 

0-57 

IHAc 4* lONaAc 

5*77 

0*17 

4-81NaH2P04 4- 
lNa 2 HP 04 

6*32 

0-048 

X-41NaH2P04 4- 

6*86 

0*014 


majHPO, 


Buffer 

concentration, 


c\ 

8, 

t?. 10« 

. Vq . 108 

0-05 

0*005 

3-421 


0-1 

0-01 

3-65 

3*22 

0*15 

0-016 

3*84 


0*016 

0*005 

1-55 


0*03 

0-01 

1*64 

1*46 

0*045 

0-015 

1-74 


0*006 

0-005 

1-00’ 


0*01 

0-01 

1-05 

0*94 

0*016 

0-016 

1-12 


0*005 

0-016 

0-911 


0*01 

0-03 

1-03 

0*79 

0*016 

0-045 

M4 


0*002 

0-02 

0*89 


0*004 

0-04 

1*04 

0*76 

.0*006 

0*06 

1-18 


4" ® 

= 0-01 

0*90’ 



= 0-02 

0*97 

■ 0*82 


= 0-03 

1*061 


C' + 8 

= 0*01 

1*291 



= 0*02 

1*43 

1*15 


= 0-03 

1*56 




4*0 6*0 6-0 7*0 


Pm* 

The wat&r eatmary ^ tnesityl oxide^iodine reaction. 


water molecules ; in other words, «« = 0*69 X 10^. Furthermore, 
if ife = 10"“, we derive from (S+l — konSulh the value kos = 6-5 
for the catid^o coefficient which characterises the hydroxyl ion. 
IVom kn — 0*0147, kgs = 6*6, and = 0*69 x 10-*, the reaction 




US' CATALYSED EBACTIONS. PAST XVI. 2161 

velocities > corresponding with the water catenary may now be 
calculated by use of the equation 

Vq = 0-0147[H+] + 6-5[OH-] + 0-69 X 10-« 

and in Table III these are compared with the velocities derived from 
the buffer solution experiments. Col. 2 shows the hydrogen-ion 
concentration; cols. 3, 4, and 6 the partial velocities Vqkp and 
respectively; col. 6 the calculated velocity Vo; and col. 7 the 
observed velocity. • 

Table III. 

Vo. 10^. 


Buffer. 

[H+j.lO*. 

vji . 10*. 

Vqk . 10®. 

Vu , . 10®. 

(calc.). 

(obs,); 

lOHAc + INaAc 

17-0 

2-50 

— 

0*69 

3*19 

3*22 

3HAc 4- INaAc 

6-1 

0-75 

— 

0-69 

1*44 

1*46 

IHAc + INaAc 

1-7 

0-25 

— 

0*69 

0-94 

0*94 

IBLAc 4- SNaAo 

0-67 

0*084 

0*01 

0*69 

0*785 

0-79 

IHAc -}- lONaAe 

0-17 

0*025 

0-04 

0*69 

0-755 

0*76 

4-81NaH2P04 + 
INagHPOi 
l-41NaH2P04 + 
INajHPOi 

0-048 

0*01 

0*135 

0*69 

0*835 

0-82 

0-014 

— 

0-465 

0-69 

1*165 

1*15 


'From the reaction-velocity data for the buffer solutions, it is 
possible to derive the values of km and for the buffer constituents 
HA and A*". If 2 = c*/s is the ratio of acid to salt in the buffer 
mixture, the equation for the velocity may be written 

^ = + + hmq)s 

= Vo + fe 


where Z == + kmq is the slope of the curve which is obtained when 

the velocity for a given buffer ratio is plotted against the buffer 
concentration of the salt. If g' and V are corresponding values for 
a second series of buffers, we obtain 

K = (i - V)l{q ^g!) .. . (2) \ = {qV ^ q'l)l{q - q^ ... (3) 

The values derived in this way are = 3-6 X 10“® for the acetic 
acid molecule, = 7 X 10“^ for the acetic ion, i == 3 X 10*® for 
the H2PO4' ion, and & = 30 X 10*® for the HPOj" ion. The much 
greater activity of the HPO4" ion compared with the H2PO4' ion is 
consistent with the general relation that the activity of the anion 
increases as the ionisation constant of the corresponding acid 
diminishes. 

Acetic Acid as Ccdalyst , — ^Under the conditions of these experi- 
ments, the reaction velocity is determined by the joint action of 
the hydrogen ion, the acetic acid molecule,^ and the water moleqxile, 
for the g^eral equation may be written ; 

V =i {kh -}- -f- • • • . \ 

= 0-0147 [H+] + a-5 X 10"®Ci + 0-69 X 10 ® .'i 
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where is the concentration of the acetic acid. The velocity may 
be measured by titration of the residual iodine with thiosulphate or 
by the colour-disappearance method used in the case of hydro- 
chloric acid. Both methods have been applied with concordant 
results. 

In Table IV, col. 1 gives the method of observation, col. 2 the 
concentration of the acetic acid, col. 3 the hydrogen-ion concentra- 
tion calculated from jST = 1*7 X 10“®, col. 4 the velocity calculated 
from equation (16), and col. 6 the observed initial velocity. It 
is apparent that the observations made with acetic acid are 
satisfactorily interpreted in terms of (16). 

Table IV. 


Method. Cl. i [H+] . m i; . 10® (calc.), v . 10® (obs.). 

Titration 0*02 0‘58 9*3 9*2 

Colour 0*05 0*92 14*4 14*1 

Colour 0*1 1*30 20*1 20*0 

Titration 0*1 1*30 20*1 20*2 

Colour 0*2 1*84 28*4 27*7 


TJie Autocatcblysed Reaction . — ^When the mesityl oxide and iodine 
are dissolved in “ conductivity ” water, the only catalysts would 
appear to be the hydrogen ion, the hydroxyl ion, and the water 
molecule. When the reaction has proceeded far enough to permit 
of a measurement of the fall in the iodine concentration, the 
hydrogen-ion concentration of the solution is controlled by the 
hydriodic acid formed, and the equation for the velocity may be 
written 

V = dxjdt = hhX + kou^wl^ + • • • (^) 

If the numerical values of kji, ioH> ^.nd Vy, are introduced in this 
equation, it is at once apparent that the partial velocity due to the 
hydroxyl ion may be entirely neglected when the reaction has 
reached the stage of measurable x values. The equation then 
becomes 

dxjdt = JcjiX + Vfo (4a) 

which by integration yields 

iff 2*30 logjQ(a; Vielh) + constant . . , (46) 

Since Vy,/kk = 0*000047, it follows that log (x + 0*000047) should 
be a linear function of t. 

In the determination of x, the samples to be titrated were run 
into a dilute acetate buffer 6*7, which corresponds with the 
mi nimu m velocity on the water catenary. The experimental data 
for such an experiment under autocatal 3 rfcic conditions were : 

t (mins.) 3 13 33 73 103 133 163 183 193 

iP.lO® 0*030 0*115 0*30 0*875 1*585 2*71 4*41 6*03 7*04 
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The graphs of log (sc + 0*000047) and of log x against t are shown 
in Pig. 2. If the reaction velocity were entirely controlled by the 
hydrogen-ion concentration, the latter should be a straight line. 
The fact that the slope of the curve increases as we approach the 
beginning of the reaction is a clear indication of thp intervention of 
some other catalytic effect, whilst the linearity of the first graph 
would seem to show that this catalytic effect is represented by the 
action of the water molecules. 

Since this line intersects the ordinate for < = 0 at 5*67, which is 
logio 0*000047, it follows that cc = 0 when t = 0, Interpireted in 

Fia. 2. 

3*0 

i-5l 

4*0 

5*5 

S*0 

S*6 

40 80 120 160 200 

Azigocatali/ais of the mesityl oadder-iodine reaction. Plots of log {x 0*000047) 
(curve X ) and of log x (curve 0) against time, 

the light of the relations shown by the autocatalysed reaction 
between acetone and iodine (Dawson, J., 1927, 458), the conclusion 
to be drawn from this is that the catalytic action of the hydroxyl 
ion, as represented by the second term in (4), has no appreciable 
influence on the course of the autocatalysed mesityl oxide reaction. 
This accords with the relatively low value of ho^/kji = 440 for this 
reaction, whereas the corresponding ratio for the acetone reaction 
is 15,000. In the former case the hydrogen-ion concentration of 
the minimum velocity (M,V,) point is 2*1 X 10”®, whilst for the 
acetone reaction it is 12*5 X 10”® (compare Dawson and Key, this 
voL, p. 643). 

Although, therefore, there can be no doubt that the reaction 
velocity, as represented by (4), passes through a mmimum valte, 
the incidence of this corresponds with a value of x which is far tqa 
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small for q[uaiititative measurement. The M,V. point would 
appear to be reached in about 2 miniates, and because of the large 
catalytic effect of the water molecules {vy, = 0*69 X 10"®) as com- 
pared with that due to the hydrogen and hydroxyl ions (t?* ■+• Voh 
= 0*06 X 10"®),, the incidence of minimum vetocity has very little 
influence on the course of the autocatalysed reaction. 

In the derivation of (46) it was assumed that the concentration 
of the mesityl oxide remains constant throu^out the autocatalysed 
reaction, '^en this is not the case, the equation for the velocity 
becomes 

dxjdt = •— xjm) -f* v«,(l — xjm) . . (6a) 

which on integration becomes 

Tc]} = 2'30/(l + Vyilkjjn ) . logiQ(a; + v^/kh)/{l — x/m) + constant (66) 

where m is the molar concentration of the mesityl oxide. 

In the experiment shown in Mg. 2, the total fall in the con- 
centration of the mesityl oxide amounts to 2%, and when equation 
(46) is applied to the interval between t = 163 and t = 193 minutes, 
at which stage of the reaction the effect of the water molecules 
is small compared with that due to the hydrogen ion, we obtain 
kjt = 0*01436, and this, when corrected for the fall in the mesityl 
oxide concentration below the standard value of 0*036 mol. per litre, 
gives kk = 0*0146, in close agreement with the figure previously 
given. 

Comparison of the Coefficients for the Acetone and Mesityl Oxide 
Reactions , — ^As a matter of practical convenience, the velocity 
coefficients which have been derived from the experiments with 
acetone and mesityl oxide are in both oases expressed in terms of 
the respective concentrations of these substances which were actually 
used in the observations. The concentration of the acetone was 
0*272 molar (20*0 c.c. per litre), and that of the mesityl oxide 0*036 
molar (4*00 c.c. per litre). In the comparison instituted in Table V, 
the two series of coefficients are referred to molar concentration of 
the ketone. The last column shows the ratios of the corresponding 
coefficients. 

Table V. 


Catalytic coefficient. 

Acetone 

reaction. 

Mesityl oxide 
reE^tion. 

Ratio. 

1% 

.. 1-72 X 10"S 

420 X 10-8 

233 

fea 

.. 26 

185 

7-5 

t 

.. S X io-« 

3700 X 10-10 

760 



.. 6-6 X 10-* 

100 X 10"« 

18 

ka 

... 16 X 10-« 

200 y 10-0 

la 


In consideiihg these ratios, it should be noted that the value for 
kfi can be determined much more precisely than the values for the 
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other catalytic entities. Indirect methods have to be used in the 
derivation of the value for Tcqs., and in the case of the activity of 
the water molecule in the acetone reaction is so very small that the 
degree of precision is limited. It is, however, quite clear that the 
ratio varies widely with the nature of the catalysing entity. In the 
case of the hydroxyl ion, the acetic ion, and the acetic acid molecule, 
the change in the magnitude of the catalytic coefficient on passing 
from the acetone to the mesityl oxide reaction is of the same order ; 
for the hydrogen ion and for the water molecule the change is 
much greater. It does not seem possible to explain these differences. 


Summary. 

The reaction between mesityl oxide and iodine in dilute aqueous 
solution is similar to, but more rapid than, the reaction between 
acetone and iodine. 

The iodine takes no part in the primary change, but the rate at 
which it disappears affords a measure of the transformation of the 
mesityl oxide, which is probably of the keto-enol type. The 
reaction is catalysed by hydrogen ions, hydroxyl ions, and water 
molecules, and also by other acid molecules and the corresponding 
anions. 

The catalytic coefficients for H+, OH", HgO, CH3*C02H, CHg*C02", 
H2PO4", and HP04=* have been determined. The relative values of 
these coefficients for the mesityl oxide reaction differ very con- 
siderably from their relative values for the acetone reaction. 

The course of the autocal^ysed reaction can be explained in terms 
of the joint catalytic action of the hydrogen ion and the water 
molecule. 

Mesityl oxide has been prepared in pure condition, and anomalies 
recorded in the literature of tids substance are ascribed to the presence 
of impmities. 

The authors desire to acknowledge the assistance rendered in 
the preliminary stages of this work by Mr. L. H, Angus, Mr. 6. 
Qaxton, and Dr. 0 . E. Hoskins. One of us (A. K.) is indebted to 
the Department of Scientific and IndiBtrial Research for a grant 
which has enabled him to take part in this work. 

Tot UmvHBSiry, Lebus. {JRtceiwd, Jum 1st, 1928.] 
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COLXXXIV . — Hydrolysis in Solutions of Potassium 
Laurate as measured hy Extraction with Benzene. 

By Jambs William MoBain And Moneob Eaton. 

The hydrolysis of soap solutions is a property only of the simple 
fatty ions, and its extent is largely due to the almost quantitative 
disappearance of free fatty acid to form acid soap. Thus all soap 
solutions are alkaline, far more so than would be expected from the 
dissociation constants of the fatty acids,* and concentrated soap 
solutions are less alkaline than dilute ones. Likewise, contrary 
to a still almost universal preconception, soap solutions are always 
unsaturated with regard to fatty acid, in spite of the low solubility 
of the fatty acid (McBain, Taylor, and Laing, J., 1922, 121, 621 ; 
McBain and Buckingham, J., 1927, 2679, which see for further 
references). 

The present communication develops the methods employed 
by McBain and Buckingham (Zoc. cit,) with sodium palmitate, 
applying them to various solutions of potassium laurate with and 
without other additions at 26°. Reference should be made to the 
previous paper for a discussion of many of the points at issue and 
the general nature of the results previously obtained. 

Experimental. 

The work to be described consists of experiments on the com- 
position of a wide range of solutions of potassium laurate with and 
without additions of alkali or lauric acid. Additional experiments 
are described which were designed (1) to show that complete reversi- 
ble equilibrium is attained, -f (2) to Slid the concentration of lauric 
acid in benzene that is in equilibrium with unaltered aqueous 
potassium laurate solutions, (3) to measure the solubility of the 
various constituents in benzene singly and together, (4) to measure 
the alkalinity by hydrogen electrode and by indicator, and finally 
(5) to study the effect of potassium chloride and of carbon dioxide 
upon the alkalinity and extractability of the aqueous potassium 
laurate. A few results with aqueous sodium laurate are given for 
comparison, and some experiments have been carried out with acid 

* The dissociation constants are known for the saturated fatty acids up 
to decolc acid, and hence for the next member with an even number of carbon 
atoms, lauric acid, the dissociation constant must be 1 x 10"^, which is not 
so very weak (S. Smiles and P. 0. Herzog, Chemische Konstitution und 
Physikalische l^genschafte,” p. 526 ; E. Eranke, Z, pJvysikaL Chem,, 1895, 
16, 477). 

t This was demonstrated for the first time in the experiments of McBain 
and Buckingham (Zoc. cit,). 
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potassium laurate, and also with carbon tetrachloride instead of 
benzene as extracting solvent. 

The chief experiments are the determinations of the compositions 
of aqueous and benzene layers in equilibrium with each other. 
For the complete interpretation of the data several subsidiary 
items of information are required. For example, it is found that the 
approximate solubility of potassium laurate at 26° is 70 g, per 
100 g. of water and 0-005 g. per 100 g. of benzene, showing that for 
the purposes of most of the experiments the soap itself is insoluble 
in benzene. However, in the section dealing with acid soap it will 
be shown that when the benzene contains a large proportion of 
lauric acid the soap is highly soluble in it, forming acid soap. The 
potassium laurate used was specially made by Kahlbaum but 
contained 0-6 equiv. % excess of alkali, whereas the sodium laurate 
contained 1-8 equiv. % excess of lauric acid. They were dried to 
constant weight at 110°. Kahlbaum’s lauric acid was used, and its 
solubility in 100 g. of benzene at 26° was 186 g. ; at 40° there is 
miscibility in all proportions. The solubility in water at 26° is 
0-00017 g. of undissociated lauric acid per 100 g. of water, as deter- 
mined by conductivity (see p. 2173). 

Since the method of analysis of the non-aqueous layer was to 
evaporate the solution to dryness and weigh the residue of lauric 
acid, blank experiments were necessary to show that there was no 
appreciable loss. It was found that when 10 c.c. of a 1’6% benzene 
solution of lauric acid were evaporated nearly to dryness during f 
hour and the heating was continued for 4 hours at 80°, the maximum 
loss by volatilisation was 2% of the total lauric acid originally in the 
benzene. In the extraction experiments, evaporation was carried 
only to dryness and the temperature was never Allowed to rise 
above 75°, and in most cases the solutions were far more dilute. 
Hence the error must have been inappreciable. 

The benzene used was dried over calcium chloride or potassium 
hydroxide and twice distilled. It boiled at 79-5 — 80-6° and left no 
residue on evaporation. Boiled-out conductivity water (k = 2 x 
10“® mho) was used throughout. Concentrations are all expressed 
in weight normality (N^), i.e., as mols. of solute per 1000 g. of 
solvent. Kahlbaum’s purest potassium chloride was dried at 125° 
for a day ; it was insoluble in benzene. 

The soap solutions were brought into equilibrium with the benzene 
layer in horizontal glass tubes about 3 cm. wide and 20 cm. long, 
which were rotated on their axis at a speed of 11 revs./min. for’48 
hours. Even this very gentle stirring tends to emulsify the layers. 
Hence the tubes were allowed to stand in a vertical position until 
at least half the benzene layer had cleared. As much as possihte 
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of the clear layer was then pipetted out, weighed, and evaporated 
to dryness at 70°. Rrom this and a knowledge of the original 
composition of the system it was then possible to calculate the 
concentrations and the amounts of laurio acid which had passed 
out of or into the aqueous layer. The original system was always 
made up by weighing the constituents into a tube which was 
immediately sealed to minimise evaporation of the benzene. 

JExtraction of Laurie Acid from Aqueous Potassium Lauras by 

Benzene, 

The three-component systems here described consist of three 
phases, the aqueous phase, the benzene solution of extracted lauric 
acid, and the sediment of the acid soap in the aqueous layer* How- 
ever, it is much more interesting to add laurio acid as a fourth 
component with a view to find the concentration of laurio acid in 
benzene which is just in equilibrium with unaltered soap solution, 
a higher concentration giving up laurio acid to the soap solution 
and a lower concentration partly extracting it. The extractability 
was shown to be the same after one month as after a few days. 

Table I gives the results of the equilibrium experiments with 
potassium laurate with and without added excess of lauric acid. 
Table 11 records for comparison a few experiments on sodium 
laurate. It is seen that sodium laurate is distinctly more extract- 
able than potassium laurate even when the fact is taken into account 
that the specimen used contained excess of lauric acid (see p, 2167). 

The very definite result from these two tables is that the benzene 
layer is unsaturated with respect to fatty acid. Since the benzene 
layer is in true reversible equilibrium with the soap layer, the latter 
must he equally unsaturated. Even when a very appreciable 
excess of fatty acid is added to the system so that the aqueous 
layer contains more equivalents of fatty radical than of potassium 
or sodium, the benzene layer is still very far from being saturated 
with respect to fatty acid. 

Almost every writer has assumed that there is excess of fatty 
add, free in liquid or emulsified form, in ordinary soap solutions. 
This belief is definitely shown to he false by the results of these 
quantitative experiments and those of McBaiu and Buckingham 
(foe. cit,). All the soap solutions are alkaline and unsatmated 
with regard to free fatty acid. Hence when excess of free fatty 
acid is added to the soap solution it disappears through combin- 
ation with the soap to form acid soap. An aqueous solution even 
of acid soap containing twice as much fatty radical as of sodium 
or potassium is still appreciably alkaline. Experiments described 
later show that when the non-aqueous layer is made nearly saturated 
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with fatty acid, practically all the soap disappears from the aqueous 
soap solution. 

Table I.* 

Equilibrium experiments in which aqueous solutions of potassium 
laurate were shaken at 25° with benzene^ to which in some cases lauric 
acid had been added in advance. 





HL in benzene. 


of 

Soap soln. 

Benzene 

Before 

After 

After t 

^81013.3011185 

(g.). 

(g-). 

(g-)- 

(g.). 

(N„). 

after). 



0-493J^iB-Potassium laurate. 



15-08 

10-31 

0 

0-00122 

0-00059 

0-005 

15-96 

10-30 

0 

0-00152 

0-00073 

0-004 



0*25^io-Fotassium laurate. 



36-81 

10-83 

0 

0-00185 

0-00085 

0-005 

35-42 

10-83 

0 

0-00161 

0*00074 

0-006 

59-61 

18-20 

0 

0-00327 

0-00090 

0-005 

29-33 

11-90 

0 

0-00224 

0-00090 

0 t 005 

27-38 

8-16 

0 

0-00192 

0-00085 

0-005 

45-02 

12*11 

0-0031 

0-00322 

0-00132 

0-003 

55-46 

11-92 

0-0076 

0*00302 

0-00127 

0-003 

49-37 

16-08 

0-0242 

0-00614 

0-00189 

0-002 

58-30 

17-91 

0-0406 

0-01438 

0-00400 

0-001 

72-00 

15*67 

0-0753 

0-01444 

0-00460 

0-0009 

54-67 

17-82 

0-1569 

0-02884 

0-0081 

0-0005 



O-l^tf-Fotassium laurate. 



39-78 

17*01 

0 

0-01202 

0-0035 

0-001 

19-27 

9-13 

0 

0-00486 

0-0027 

0*002 

24-64 

10-31 

0 

0-00553 

0-0027 

0-002 

24-75 

10-23 

0 

0-00514 

0-0025 

0-002 

24-69 

10-35 

0 

0-00361 

0*0017 

0-003 

24-66 

10-35 

0 

0-00322 

0-0016 

0-003 

24-73 

10-36 

0 

0-00320 

0-0016 

0-003 

40-02 

11-03 

0 

0-00504 

0-0023 

0-002 

36-87 

10-21 

0 

0-00546 

0-0027 

0-002 

43-02 

18-30 

0-0031 

0-0175 

0-0039 

0-001 

48-23 

18-37 

0-0110 

0-0175 

0-0048 

0-001 

41-01 

14-78 

0-0057 

0-0077 

0-0025 

0-002 

51*43 

10-08 

0-0066 

0-0064 

0-0032 

0*002 

43-83 

12-39 

0-0186 

0-0119 

0-0048 

0-001 

43-90 

12-86 

0-0230 

0*0156 

0-0061 

0-0009 

44-70 

12-30 

0-0273 

0-0210 

0-0085 

0-0006 

43-04 

16-96 

0-0571 

0-0419 

0-0123 

0-0004 

37-63 

13-81 

0-0782 

0-0471 

0-0172 

0-0003 

37-30 

13-54 

0-1019 

0-0646 

0-0239 

0-0002 

40-74 

13-58 

0-2234 

0-1466 

0-0545 

0-0001 

44-00 

16-97 

0-3424 

0*2245 

0-0654 

0-0001 


* In experiments with l•OJ^/tl,•potassium laurate, emulsification was so 
great that it was oxily aiter 2 months’ standing that about one-tenth of the 
benzene layer could be withdrawn for analysis, and the laiuic acid in two 
such samples was too small to be weiglxable. This is probably due to (a) the 
small concentration of hydrolysable simple laurate ion, and (6) the 
ness with which any fatty acid formed is combined in this high concepm^on 
of soap. ' ^ ^ 

t A saturated solution of lauric acid wotfid haw be6n 5 ' ' 
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Table I {cmtinued). 


Soap soln* 

Benzene 

Before 

After 

After * 

of OH' 
(aqueous, 

(g-). 

(g.). 

(g.). 

(g-). 


cuter). 

26-00 

10-31 

O-O5JV|0-Potassium laurate. 
0 0-00620 

0-00299 

0*002 

26-59 

10-33 

0 

0*00648 

0-00250 

0-002 

26-17 

10-33 

0 

0*00708 

0-00341 

0-002 

34-21 

8-079 

0 

0-00576 

0-00356 

0-0015 

30-86 

8-64 

0 

0-00508 

0-00294 

0-001 

30-29 

7-08 

0 

0-00455 

0-00320 

0-001 

33-99 

9-95 

0-0039 

0*00723 

0-00362 

0-001 

35-87 

8-28 

0-0082 

0*00865 

0-00515 

0-001 

31-02 

6-95 

0-0173 

0-0148 

0-01308 

0*0004 

30-64 

7-26 

0-03336 

0*02626 

0-01737 

0-0003 

31-10 

14-37 

0-04703 

0-03162 

0-01094 

0*0006 

29-55 

8-16 

0-06952 

0-05672 

0-03462 

0-00015 

30-25 

5-97 

0-05097 

0-03115 

0*02595 

0-0002 

30-47 

8-17 

0-0997 

0-08580 

0-0624 

0-0001 

27-74 

9-67 

0-1228 

0*1077 

0-0556 

0-0001 

32-10 

9-39 

0-3884 

0-3446 

0-1832 

0-00003 

24-68 

4-37 

0-01iV«-Botassiuni laurate. 
0 0-00331 

0-00373 

0-0003 

24-42 

12-34 

0 

0-00456 

0-00184 

0-0005 

24-67 

10-32 

0 

0-00442 

0-00214 

0*0005 

47-92 

10-45 

0 

0-00418 

0-00198 

0*0006 

33-71 

12-60 

0-0024 

0-00819 

0-00324 

0-0003 

48-34 

9-65 

0-0046 

0-01275 

0-00667 

0-0001 

41-32 

10*43 

0-0094 

0-01241 

0-00595 

0*0002 

46-68 

16-68 

0-0167 

0*0174 

0-00555 

0-0002 

67-80 

10-56 

0-0261 

0-0266 

0-0121 

0-0001 

49-90 

13*37 

0-1166 

0-1156 

0-0431 

0-00003 

48-07 

12-22 

0-2111 

0-2036 

0-0829 

0-00001 

24-70 

4*29 

0-005Ar„-Potassium laurate. 
0 0-00297 

0-00346 

0-0001 

26-13 

10-33 

0 

0-00349 

0-00168 

0*0003 

25-32 

10-35 

0 

0-00356 

0-00172 

0-0003 

25-26 

10*35 

0 

0-00418 

0-00202 

0-0002 

62-30 

12-88 

O-OOlNw-Potassium laurate. 
0 0-00224 

0-00086 

0-0002 

60-70 

12-89 

0 

0-00311 

0-00120 

0*0001 

71-09 

11-72 

0 

0-00643 

0-0027 

0-00004 

83-49 

14-06 

0-0123 

0-0228 

— 

— 

103-74 

21-43 

0-0223 

0-0279* 

0-0063 

0-00002 

60-28 

13-34 

0-1895 

0-1899 

0-0710 

0-000002 

117-47 

27-36 

0-6388 

0-5345 

0-0968 

0*000001 

68-75 

13-08 

0-3085 

0-3043 

0*1163 

0-000001 


* A saturated solution of lauric acid would have been 
Refemug to the data of Tables I and II, it is evident that the 
amount of fatty acid extracted from an aqueous soap solution 
increases with the various factors as expected ; t.e., the extractabiKty 
increases with increasing proportion of extracting solvent, with 
decreasing alkalinity of the soap, with increasing amounts of fatty 
acid added to the soap solution, or with increasing dilution of the 
soap, and hence increased proportion of hydrolysable simple fatty ion. 
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Table II. 

Equiliiriwm experiments in which aqueous solutions of sodium laurcUe 
wre shaken at ‘25° with benzene. 

HL in benzene, 


Soap soln. 

Benzene 


Ny, of OH' 

(g0‘ 

(g.)* 

(g.). 

0*10JV„-Sodium laurate. 

(aqueous after).’ 

45*91 

15*46 

0*02141 0*00692 

0*0008 

51-06 

21*07 

0*02662 0*00617 

0*05^u-Sodium laurate. 

0*0008 

45*71 

13*39 

0*01861 0*00691 

0*0008 

48*07 

21*63 

0*02185 0*00503 

0*0011 

29*62 

12-08 

0*01380 0*00571 

0*0009 


* Concentration of 1/ has not been measured in solutions of NaL at 25° ; 
it is therefore assumed to be the same as that in a KL solution of the same 
concentration. 

With very dilute soap solutions, the effect of carbon dioxide 
becomes a serious source of error. Although carbon dioxide is a 
much weaker acid than any of the fatty acids, we find that if it is 
passed through an N /100-soap solution in the process of extraction, 
the whole of the fatty acid passes into the benzene layer owing to 
complete neutralisation of the hydroxyl ion in the aqueous layer by 
the carbonic acid. The results with solutions below 0'01A« are 
increasingly influenced by ingress of carbon dioxide, in spite of 
precautions taken. In four out of six experiments with 0-0005iV«- 
potassium laurate, practically all. the lauric acid was removed by 
the benzene. This is to be expected in a solution suj£ciently dilute, 
although a minute trace of free lauric acid must always remain 
dissolved in the aqueous phase. 

In order to evaluate the concentrations of the various constituents 
in a soap solution in equilibrium with a benzene solution of fatty 
acid, it is necessary to know the distribution ratio for lauric acid, 
the dissociation constant of water (A«r), and the dissociation constant 
of the lauric acid {Ka = 1 X 10“®). The concentration of simple 
laurate ion in aqueous soap solution is known from previous studies 
of freezing point and conductivity (McBain and Jenkins, J., 1922, 
121, 2325). Since the concentration of undissociated lauric acid 
in the aqueous layer is proportional to that in the benzene layer 
multiplied by the distribution ratio, the equation for hydrolytic 
equilibrium is : 

rrv tr/T \ f — ri — • j • n u = ^ ^ X- distribution ratio. 

[OH ] X N„ of launc aoid m CgH, K„ 

The distribution ratio maj be ^timated from the results for O'liSV 
potassium laurate, since this solution was most oarefoHy studiedit 
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and, when neutral (that is, having potassium and laurate stoicheio- 
metricaJly equivalent to each other), was found to he in equilibrium 
with the benzene layer, which was with respect to laurio 

acid. If the hydrolysis alkalinity be taken as 0*0009^to-OH', and 
the concentration of simple laurate ion as 0-026i^tp, the distribution 
ratio would be 


0-026 X 10-14 
0-0009 X 0-0056 X lO-s 


= 0-5 X 10-5, 


whence the hydrolytic constant K = 5000. 

This distribution ratio (0-6 X lO-®) is that employed in the calcul- 
ation of the results in Table III, although it is four times larger 
than the ratio of the solubilities of lauric acid in water and benzene. 
The discrepancy is not surprising in view of the fact that a saturated 
solution of lauric acid in benzene is 9-3^to and contains almost twice 
as much lauric acid as benzene. There is a closely similar discrep- 
ancy in the distribution ratio of palmitic acid between water and 
xylene at 90° when saturated solutions are compared with ordinary 
dilutions. 

This approximate distribution ratio enables us to indicate the 
approximate concentration of free fatty acid in aU the soap solutions 
studied. The most interesting solutions are those whose composition 
has not been altered, owing to the exactly requisite quantity of 
lauric acid having previously been added to the benzene layer, so 
that the two phases are already in equilibrium when first brought 
together. The results for the series of concentrations of aqueous 
solutions of potassium laurate containing equivalent quantities 
of potassium and total fatty radical are contained in Table III.* 
The concentration of acid soap (JV«) referred to the water, although 
part of the acid soap is a sediment, is given in the last column of 
Table III. It is merely the difference in the normality of the OH' 
and of the free fatty acid, since if no fatty acid had disappeared to 
form acid soap, the concentrations of free fatty acid and OH' must 
have been identical. 

The most striking feature of Table III is that in all pure soap 
solutions the concentration of free fatty add is wholly negligible 
in comparison with the hydrolys^ alkalmity. In other words^ as 

* In calculating the values for of OH' in Tables I and II, the values 
for the concentration of laurate ion, L', as given for unaltered soap solution 
in Table III are reduced If either lauric acid is extracted from the soap solution 
by the benzene layer or conversely, fonning acid soap. This is allowed for 
in Tables 1 and H by multiplying the values for L' in Table HI by the ratio 
(total laurate radioal)/(total potassium), in the aqueous layer, or (total 
potassium)/(total laurate radical) in the aqueous layer, whichever ratio is less 
thiwi unity. 
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Table HI. 

TJie concmiralions of some of the constituents of aqueous potassium 
laurate solutions at 25®, there being equal equivalents of potassium 
and laurate radicals in the water ^ as deduced from the concentration 
of lauric acid in the benzene layer in equilibrium with the aqueous 


layer. 

Total 

soap, 

Lauric acid 
in benzene, 

Laurate 

ion, 

Lauric 

acid. 

OH', 

Acid* soap 

Nn,. 

N^. 

N„, 

Nu, X 10"®. 

Nu,. 

N„. 

1-0 

0-000 

0-012 

0 

— 

— 

0-25 

0-0017 

0-021 

' 1 

0-002 

0-002 

0-1 ■ 

0-0055 

0-026 

3 

0-0009 

0-0009 

0*05 

0-007 

0-027 

4 

0-0008 

0-0008 

0-01 

0-018 

0-006 

9 

0-00007 

0-00007 

0-001 

0-075 

0-0009 

38 

0-0000024 

0-000002 


* NtB of lauric acid (HL) combined with soap (KL) to form such acid soap 
as HL,KL. 

seen from the practical identity of the last two columns of Table m, 
the fatty acid set free by hydrolysis goes almost quantitatively to 
form acid soap. 

The solubility of lauric acid in water was determined by con- 
ductivity and the mode of calculation used by McBain and Taylor 
(Z.physiJcal. Ghem., 1911, 76, 179) ; the specific conductivity of the 
saturated solution was 4*64: X 10”®,. whence the normality of the 
undissociated lauric acid in saturated solution in water at 26® is 
8*8 X 10’®JV‘a,,f In pure water, the laurate ion would provide an 
additional 1 X 10-W«,. This is 300 times greater than the actual 
concentration of free lauric acid found in a 0-lJ?'fi,-solution of 
potassium laurate, illustrating the utter impossibility of fatty acid 
in the free Hquid or solid state existing in a soap solution. As a 
check upon the possibility that the solubility of fatty acid in water 
might be enhanced by such solvents as benzene, the solubility 
of the lauric acid was similarly determined with water saturated 
in one case with benzene and in the other with carbon tetrachloride. 
The specific conductivities were 6'23 x 10”® and 4*61 x 10“®, 
respectively, whence it is evident that the solubility is not appre- 
ciably enhanced. Hence the distribution ratio of lauric acid must 
be fairly constant for the more dilute soap solutions studied, 
especially in comparison with the veiy large changes in the con- 
centration of the benzene layer. 

In dilute soap solutions, the percentage of hydrolysis is at a 
maximum (e.gr., it is 9% in 0*001if«.-soap) though the absolute 
concentration of all constituents is least. In very concentrated 

t Lauric acid is therefore mach less soluble than silver laurate, although 
a satirrated aqueous solution of lauric acid gives a just noticeable iui^idiw ^ 
on addition of exc^s of silver nitrate. ' W 
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solution, on the other hand, the crystalloidal constituents including 
the laurate ion are practically all replaced by colloid except for the 
sodium or potassium ions also present. The hydrolysis alkalinity 
therefore passes through a maximum because the colloid serves 
merely as a reserve from which hydrolysable laurate ion can be 


Fig. 1. 



The concentration of lauric acid in the benzene layer in equilibrium with 
soltiHone of potassium laurate containing deficiency or excess of lauric acid, 

formed. However, even the colloidal undissociated soap may 
play a role in the formation of the acid soap. Acid soap itself is a 
colloidal electrolyte though often of low solubility, hence the extent 
of its formation does not closely follow theiaw of mass action. Por 
example, taimg a series of benzene solutions of lauric acid sufficiently 
concentrated for lauric acid to pass from the benzene into the soap 
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layer, the formation of acid soap does not increase as rapidly as the 
concentration of the benzene layer. 

Fig. 1 of the paper of McBain and Buckingham (Zoc. cit.), which 
referred to 0*lJV'^-sodium palmitate at 90°, shows that fatty acid 
may be extracted from any soap solution even in the presence of 
excess of alkali; and likewise that any soap solution is alkaline 
even when excess of fatty acid has been added. Fig. 1 of the 
present paper, taken from the results in Table I, shows the similar 
relations with potassium laurate when excess of alkali or acid is 
present; it gives the concentration of lauric acid in the benzene 
layer in equilibrium with aqueous soap layer of the composition 
indicated. The soap solutions on the alkaline side are those from 
which some of the laurate radical has been extracted by the benzene 
layer in the form of lauric acid. The designations of the three curves 
refer to the total concentration of potassium throughout. 

Finally, a few experiments may be noted in which it appears that 
the relative extracting power of benzene and carbon tetrachloride 
goes parallel with the solubility of lauric acid therein, as expected 
(Table IV). 

Table IV.. 


Solutions of 0-06jSr«,-potassium laurate. 


Lauric acid in solvent. 


Soap sola. 
■^)- 

Solvent 

(g.). 

Before (g.). 

After (g,). 

After 

30*86 

8-64 

Benzene. 

0-0 

0-00508 

0*00294 

34-21 

8-079 

0*0 

0-00676 

0-00356 

66-05 

24-61 

Carbon tetrachloride. 

0-0 0-00624 

0-00127 

32-60 

18-73 

0-0 

0-00389 

0-00104 


* A saturated solution of lauric acid in benzene would be 9'3^», and in 
carbon tetrachloride 

Acid Soaps, 

As we have seen, pure benzene scarcely dissolves potassium 
laurate, but it is far otherwise when a large amount of lauric acid is 
simultaneously present in the benzene. When mixtures of benzene, 
lauric acid, and potassium laurate are heated together, the whole 
system becomes homogeneous, and on cooling, crystallisation 
occurs. In four such experiments the single liquid layer was 
removed for analysis at 26°, with the following results, potassium 
laurate being determined as carbonate after ignition : 


HL iu benzene, 0*042 0*451 3*66 9*28 ' 

BX in benzene, 0-0002 0-020 0-065 O'ln 
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21*76 

The crystals deposited from the above solutions were found by 
analysis to have the exact composition KL,HL, thus again showing 
that the solubility of potassium laurate in benzene containing lauric 
acid is attributable to the formation of acid soap. A crystalline 
acid soap of this composition was described by Oudemann {Jakres- 
ber.i 1863, 331) as resulting from warming the potassium laurate 
and lauric acid in this proportion with aqueous alcohol, but subse- 
quent writers have been unanimous in assuming that acid soap of a 
deJSnite composition did not occur (see, however, McBain and 
Stewart's recent description of the definite crystalline acid oleate, 
KOI, HOI; J., 1927, 1392). 

The results given in Table I are not affected by the information 
just tabulated, since the concentration of lauric acid in the benzene 
layer was usually well below 0*1 McBain and Buckingham 
refrained from employing solutions of palmitic acid in aylene 
exceeding 0-25Nw in equilibrium experiments with sodium pahnitate, 
because they had observed that with very high concentrations of 
palmitic acid in xylene the residue on evaporation was greater than 
the original palmitic acid, and this is now seen to be due to sodium 
pahnitate having entered the xylene layer. They stated that the 
formation of acid soap was indicated by the soap layer becoming 
absolutely opaque. 

A series of experiments shown in Table V was carried out using 
a saturated solution of lauric acid in benzene, and the aqueous 
phase,was taken for analysis after filtering off any sediment of acid 
soap. There was very little emulsification, and most of the acid 
soap dissolved in the non-aqueous layer. With 0*lW«,-aqueous 
potassium laurate, both layers were finally almost as clear as water. 
This is in marked contrast to the experiments reported in Table I, 
where the aqueous layer became clouded with acid soap when the 
concentration of lauric acid in the benzene exceeded 0*012V«,. 


Table V. 


Effect of saturated solution of lauric add 

in heraem (9-3Na,) uwn 

aquetms solutions of potassium laurate at 25®. 

Benzene soln. 

Aqueous soln. 

Aqueous soln. 

Nw of total laurate radical 

(g.). 

(g.). 

lAsfore (iVw). 

left in aqueous layer. 

3*701 

4-9S6 

0*100 

0*0026 

4*352 

9-444 

0*100 

0*0051 

4*873 

6-095 

0*250 

0*0086 

3*091 

6-487 

0*250 

0*0111 

8*947 

6-449 

0*493 

0*0039 


It is seen from Table V that the soap is almost quantitatively 
removed from the aqueous solution by contact with a saturated 
solution of lauric acid in benzene. The aqueous solution must at 
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last be on the acid side because the lauric acid in the benzene so 
greatly exceeds the amount of soap in the system. In other words, 
an aqueous soap solution whose is less than 7 can hardly be 
prepared. The slight residue of laurate radical in the aqueous layer 
is probably colloidal acid soap not removed by filtration but 
materially decreased by increasing the proportion of the benzene 
layer. 

Solid potassium laurate is also capable of largely removing 
lauric acid from benzene solution, as is shown by the following 
tabxilation of two experiments at 25° in which benzene solutions 
of lauric acid were used which were too dilute to dissolve much acid 
soap. 


KL, before 

Ssizeae 

Katie, total 
L to 

HL, before 

HL left in HL removed 

(go- 

(g-)- 

total K. 

(g.). 

benzene (g.). (%). 

3-658 

49-37 

2-0 

3-120 

0-423 86-5 

0-7336 

19-62 

1-5 

0-3427 

0-0048 68-6 


Another iUustration of the formation of acid soap is given by the 
action of carbon dioxide upon soap solutions. When a small 
amount of carbon dioxide is passed over the surface of a sqap 
solution, crystals gradually appear in the upper part of the solution. 
These crystals are not removed from the solution by extraction 
with benzene, hence they are not lauric acid. They cannot be 
potassium laurate, since the solutions are only about 1/30 satur- 
ated and the crystals are not dissolved by shaking. We may con- 
clude, therefore, that the first product of the action of carbon 
dioxide on potassium laurate solutions is acid soap. Soap solutions 
which have been left exposed to the air for some time show a similar 
behaviour. 

In order to demonstrate the formation of crystaJloidal acid soap 
in aqueous potassium laurate solutions in contact with benzene 
solutions of lauric acid, an experiment was performed in which the 
solutions were allowed to stand without shaking. A 0*6j^?^io-solution 
of jMDtassium laurate was run into a tube under a saturated solution 
of lauric acid in benzene. The tube was then sealed and allowed 
to stand for 2 days. A cake of crystalline acid soap thick 
was formed between the benzene and water layers. I^om the 
lower side of the cake, long needles could be seen radiating from 
various points into the aqueous layer. The crystals were insoluble 
in water and benzene. 

Since potassium laurate is very soluble in water and lauric acid 
is very soluble in benzare, the formarion of a solid soluti<^ pf 
potassium laurate in lauric acid under the conditions oba^qd 
in this experiment is more improbable than tho formation, 
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definite chemical compound. The proof of the existence of definite 
crystalline acid laurates and palmitates will shortly be published. 

Acid soap is a better emulsifying agent than neutral soap, as is 
evident from the observation made during the experiments of 
Table I. Miss Laing {Proc, Roy, jSoc., 1926, 105, 28) found that 
unless the soap solution contains a small excess of alkali the material 
adsorbed in soap films is acid soap. It may also be mentioned that 
ready emulsification occurs when a potassium laurate solution, too 
dilute to contain colloidal soap, is mixed with benzene containing 
lauric acid. 

Ejfect of Salt upon Extraction and Hydrolysis. 

McBain and Buckingham (Zoc. cit.) found that the presence of 
various salts diminishes the extractibility of aqueous sodium 
palmitate, in very similar fashion. They pointed out that this 
was asoribable to repression of the dissociation of the soap into 
simple laurate ion which is the hydrolysable constituent, and they 
surmised that the hydrolysis alkalinity was likewise lessened, in 
accordance with the findings of McBain and Martin (J., 1914, 105, 
967), who used the hydrogen electrode. That a salt greatly de- 
creases the extractability in the case of potassium laurate also is 
clearly shown in Table VI. 


Table VI. 

Effect of potassium chloride on extractibility of 0^XHv,~potassium 
laurate by benzene at 25®. 






HL in benzene. 


Soap soln. 

KCl 

Benzene 







(g.). 

{N„). 

(g-). 

Before (g,). 

After (g.). 

After (Nte). 

40*02 

0 

11-03 

0 

0-00604 

0-00230 

49-67 

0-0114 

10-21 

0 

0-00215 

0-00104 

52-41 

0-0220 

20-28 

0 

0-00465 

0-00112 

64-13 

0-0499 

14-52 

0 

0*00135 

0-00064 

35-47 

0-2272 

5-88 

0 

0-00079 

0-00067 


The hydrolysis alkalinity of the final solution in Table VI cannot 
be calculated, because the concentration of hydrolysable laurate 
ion is also being diminished. On the other hand, it is possible 
that formation of acid soap might be facilitated through increase 
in undissociated potassium laurate and through lowering of the 
solubility of acid soap by salt, both of which factors act in the 
direction of increasing the hydrolysis alkalinity. However, it 
seems probable that the dominant factor is repression of laurate 
ion with consequent lowering of hydrolysis alkalinity on addition 
of salt. Direct determinations of the hydrolysis alkalinity are 
required for a complete answer to this problem. 
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In Table VII a series of experiments is recorded in which the 
soap was maintained at O'liVu and the potassium chloride at 
0*143^^; also the weight of soap solution was always 3*5 times 
that of the benzene, but varying amounts of lauric acid were added. 

Table VII. 

Conceiitration of lauric acid in the benzene layer at 25° in the five- 
compment system where ordy the amowni of added lauric acid is varied. 

HL in benzene, before, g. 0'0021 0-0085 0-0243 0-0708 

„ „ after, g 0-00301 0-00646 0-00876 0-01117 

„ „ „ ,N„ 0-00161 0-00234 0-00404 0-00617 

Comparison of the results given in Table VII with those of Table I 
or Table in shows that, whereas unaltered 0-l^«-potaesium 
laurate is in equilibrium with a 0-0032^«-SQlution of lauric acid 
in benzene, the equilibrium concentration in presence of the salt is 
lowered to 0-0023V„. In every case salt lowers the extractability, 
and, for a given addition of lauric acid, increases the amoimt of 
acid soap produced in the system. 


Summary. 

1. The compositions of benzene solutions of lauric acid in equi- 
librium with various solutions of potassium laurate at 26° have 
been determined, and the experiments extended to solutions con- 
taining various additions. 

2. Unaltered soap solutions contain the merest trace of free 
fatty acid — only a few units per cent, of that capable of dissolving 
in water. The fatty acid corresponding to the hydrolysis alkalinity 
is almost quantitatively combined as acid soap. 

3. Acid soap forms as a sediment whenever carbon dioxide gains 
access to the soap solutions. Solid potassium laurate, as well as 
its aqueous solution, extracts lauric acid from its concentrated 
solutions in benzene, forming acid soap. The definite crystalline 
compound, acid potassium laurate, KL,HL, is found to exist, and 
it is fairly soluble in hot benzene. A concentrated solution of 
lauric acid in benzene almost quantitativd.y removes soap. Presence 
of salts promotes the formation of acid soap but diminishes the 
extractability of aqueous soap solution. 

Our thanks are due to Dr. M. E. Ladng for constant assistance. 

Stanvobd TJnivbbsitv, Calutobnia. \Becmmed, June 11(&, 1928.] 
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CCLXXXV . — The Rotatory Dispersion of Certain 
Isomeric Butyl Esters of hMandelic Acid. 

By Chaeles EDivnjND Wood, Albert Edward Chrisman, and 
Sydney Diggary Nicholas. 

The interesting points associated with these esters are that mandelic 
acid is the simplest hydroxy-acid in the aromatic series and is 
analogous to lactic acid in the aliphatic series; both Z-mandelic 
and Z-lactic acid are conflguratively related to 5-tartario acid, but 
the esters of the first exhibit rotatory dispersion entirely in the 
negative region, whereas the esters of the second in the homogeneous 
condition exhibit rotatory dispersion which is situated in general in 
the positive region (Wood, Such, and Scarf, J,, 1923, 123, 600; 
1926, 1928). 

Rotatory Power, 

The following table indicates that the primary branching of the 
n-butyl chain enhances very considerably the high negative rotation 
of the 7^-este^; further branching of the chain to the ZerZ.-ester 
brings about a diminution of negative rotation. 

Specific rotations [ajj of Z-mandelates at 45® and 76®. 


Ester. A 6708. A 6893. A 5461. A 6086. A 4369. 

Temp. 46®. 

»-Butyl ~66'3® ~9M® -111-0® -133-6® -189*0' 

woButyl 73-7 101-9 123-5 148-8 214-3 

fer«.-Butyl 56-4 78-0 94-5 114-1 162-6 

<2-sec.-Butyl 48-2 67-6 82-0 99-2 151-1 

Temp. 76®. 

n-Butyl -61-3® -84-3® -102-1® -122-4® -174-0' 

waButyl 68-0 93-1 113-0 134-8 192-0 

feri.-Butyl 52-8 72-9 88-2 106-6 162-8 

d-se6.-Butvl 44-3 61-6 75-0 90-76 140-1 


These results are analogous witii respect to the zero axis to those 
obtained for the alkyl Zdactates situated in the positive region, and 
it appears, therefore, that in both cases the esters, of relative^ 
configuration “ formed froin a primary iao-alcohol have greater 
rotatory power than the esters of the corresponding normal alcohol, 
and that further branching of the chain, resulting in the tertiary 
esters, effects a diminution in rotatory power. The changing alkyl 
group is contrasted with the strongly negative phenyl group in the 
mandelates and compared with the positive methyl group in the 
lactates, and the progressive change of -the alkyl grouping leads 
to a regularity in rotatory effect in the positive and the negative 
region respectively. The mere comparison of the position of the 
dispersion curves with respect to the zero axis does not infer a 
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relative configuration relationship. The types of symmetry (Wood, 
Such, and Scarf, loc. ciL) and of asymmetry produced with the 
accumulation of identical radicals near the asymmetric carbon atom 
result in a similar relative position of the dispersion curves of the 
normal, and ZerZ.-esters for “ d **-mandelic and ‘‘Z ’’-lactic 

acids. 

d-5ec.-Butyl Z-mandelate, containing two centres of optical 
asymmetry of opposite rotatory power and of the same relative 
configuration, exhibits a marked decrease in specific rotation which 
is very pronounced in the violet end of the spectrum. The effect 
of the active mandelic acid radical, however, dominates the rotatory 
power, which in all cases is high. 

Rotational Displacements in Related Series, 

Consideration of Table I shows that (1) the molecular rotatory 
power is displaced to the right as the normal series of esters is 
ascended, particularly in passing from the methyl to the ethyl 
ester ; (2) the molecular rotations of the i^o-esters of lactic, tartaric, 
glyceric (wobutyl), and malic (i^obutyl) acids are greater than those 
of the corresponding normal esters, these being situated in the positive 
region; (3) the molecular rotations of the Mo-esters of mandelic, 
«-hydroxybutyrio, and glyceric (isopropyl) acids exhibit a reverse 
behaviour, being displaced towards the left ; (4) both the tertiary 
esters of lactic and mandelic acids are displaced towards the zero 
axis. 

The above compounds are of relative configuration d” and 
although observation (1) may serve in general (Clough, J., 1918, 
113, 626) as a criterion for configuration, no such rule can be applied 
to the relationship between the ri-, iso-, and ZerZ.-esters. 

The ?i-esters of tartaric, lactic, hexahydromandeHc (Wood and 
Comley, J., 1924, 125, 2630), and mandelic acids form an interesting 
group ; for the group, as well as each series, shows a displacement 
towards the right, the mandelic acid series being situated far down 
in the negative region, the hexahydromandelic acid series almost 
on the zero axis, and the tartrates and lactates in the positive region. 

In the acetyl and benzoyl derivatives of mandelic acid, acetyl- 
ation causes a similar displacement of the rotations of both the 
methyl and the ethyl esters, without chai^ of order, further into 
the negative region (Freudenberg and Markert, jBer., 1926, 58, 
1753). Similar displacements occur for the diacetyl- and dibenzoyl- 
d-tartrates, as indicated by Table 11. (The temperatures 30°, 90°, 
and 110° have been taken to avoid extrapolation.) When the 
lactates are consid^ed, however, acetylation causes a right dxsplae^ 
ment without change of order (Freudenberg and Markert^ 
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Table L 


Molecular rotations [JfJS of esters. 



CHg. 

C*H.. 

C,H,. CA. 


femt). 

l-Mandelic acid. 




n«£sters 

. ~.255-5i 

-210-31 

-191-31 -189-6 


45® 

^o-Esters 



-212-1 



£er A -Esters 

Z-Lactic acid. 



-162-4 


. 

n-Esters 

, +8'59 

+ 13-37 

+ 17-44 +19-68 

+ 19-85® 

20 

tso-Esters 

+22-16 



ierA-Esters 

d-Tartaiic acid. 



+ 13*8 



n-Esters 



+29-34® +26-76* 

+31-87 

20 




(21-6‘») 

(46*) 


t^o-Esters 

d-Malic acid. 



+48-91 » +46-50 » 



n-Esters 

i^o-Esters 

-flMO® 

+ 19-345 

+25-33' +26-37' 
+22-69' +27-40' 


20 

d-a-Hydroxy- 





butyric acid. 






n-Esters 


+2-51’ 

+ 16-6’ +11-45’ 

15 

iso-Esters 

Z-Glyceric acid. 



+ 12-32’ 

(18*) 


n-Esters 

+ 5-76 » 

+ 12-30 5 

+19-15* +21-37 » 

+22-288 

16 

isa-Esters 



(17*) (17*) 

+17-6' +23-06' 

(19-) 





(18— 19-6*) 




^ Deduced from values obtaiaed by Walker, J, Physical Chem,, 1909, 13, 674. 

* NTouyl eater. 

» Patterson, J., 1913, 103, 146, 

* Prankland and Gamer, X, 1919, 115, 636. 

* Walden, Z, physikcd, Chem., 1895, 17, 248. 

* Ansoliutz and Reitter, ibid., 1895, 16, 493. 

’ Guye, Bvlh Soc. chim., 1896, 15, 477. 

® Frankland and MacGregor, J., 1893, 68, 1415. 



Table II. 




mr- 



Temp. 

6708, 

5893. 

4678. 

persion. 

20® 

+ 4-47® 

+ 3-67® 

- 6-74® 

Anom. 

20 

+ 14-50 

+16-14 

+ 11-54 


100 

+10-06 

+11-28 

+ 7-33 


100 

+23-11 

+27-89 

+33-62 


150 

+11-4 

+ 13-53 

+ 11-63 


150 

+24-89 

+30-62 

+39-51 


90 

+ 5-13 

+ 4-71 

- 1-34 


90 

+28-36 

+35-13 

+42-68 


110 

--- 13-27 

-20-03 

-46-76 


110 

+17-41 

+20-33 

+ 18-32 


150 

- 6-82 

- 9*-91 

-27*66- 


150 

+23-29 

+28-4 

+33-66 


30 

+ 11-91 

+ 11-43 

- 2-06 


30 

+48-07 

+59-17 

+72-56 


150 

+13-82 

+15-32 

+ 8-68 


150 

+40-46 

+60-29 

+65-43 


150 

-167-8 

-236*1 

I 

o 

f 

150 

-157-1 

-221-6 

-437-4 
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1927, 60, 2447), and it is noteworthy that the temperature-rotation 
curves are at maxima. On benzoylation a change of order occurs 
with displacement into the negative region (Freudenberg and 
Ehino, JSer., 1924, 57, 1547). 

The d-malates afford an almost exact parallel, except that the 
benzoyl derivatives are in the positive region (Walden, Z. physiJcaL 
Chem., 1895, 17, 245; Erankland, J., 1899, 75, 337). 

The peculiar displacement of the methyl with respect to the 
ethyl ester was &st noted by FranMand (loc. cit . ; compare also 
the 0 -, m-, and ^-toluoyl derivatives, in which this order persists). 

The rule that a hydroxy-acid of “ d configuration shows a right 
displacement in passing from the methyl to the ethyl ester is broken 
by the benzoyl-lactates, the rotational values of which are far 
removed from the region of anomaly and in the negative region; 
it is also broken by the d-benzoyhnalates and they are situated in 
the region of anomaly and exhibit positive rotation (EVeudenberg 
and Noe, JSsr., 1926, 58, 2404). 

^-Glyceric acid (“ d ) obeys the rule for the esters of its acetyl 
derivative, but is exceptional with respect to those of its benzoyl 
derivative (Frankland and Price, J., 1897, 71, 253). The di-o-, 
-m-, and -p-toluoyl derivatives are similar to the dibenzoyl esters 
in behaviour. 

It is thus seen to be dffioult to draw up ajgeneral rule connecting 
displacement and configuration for fso-esters, and esters of acetyl 
and benzoyl derivatives. A certain generality holds, however : 
when acetylation of the esters causes a displacement to the left, 
the order of the rotations is maintained in the benzoyl derivatives 
(e.g., the mandelates and tartrates), and when it causes a displace- 
ment to the right, the order of the rotations is reversed in the 
benzoyl derivatives (e.gr., lactates and malates). In general, 
benzoylation of the esters causes a left displacement into the 
negative region, but the benzoylmalates are situated in the positive 
region, the methyl ester having suffered a right and the ethyl ester 
a left displacement. 

In the case of the methyl and ethyl acetyltartrates, although the 
displacements are respectively left and right, yet a study of the 
dispersion and temperature-rotation diagrams shows that in both 
cases the rotational displacement has resulted in a more extended 
field of anomaly, the effect in both cases being similar. The corre- 
sponding benzoyl derivatives show rotationally right displacements 
(without change in order). The dispersion and temperature- 
rotation diagrams indicate that the methyl monobenzoyl ester has 
attained maxima for certain wave-lengths, whilst the ethyl ester 
has just passed maxima ; here again the effects of benzoylation 
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axe similax. Owing to the detailed data available with respect to 
these esters a deeper interpretation of rotational values has been 
possible, resulting in exact comparison in particular regions of 
anomaly. 

Although similax displacements occur in certain derivatives of 
mandeEo and tartaric acids, yet it should be noted that, in the 
former, increase of the acyl chain of both the methyl and ethyl 
esters produces displacements to the right (from the data given by 
Walden, Z, physikaL Ohem,, 1895, 17, 706), whereas in the latter, 
displacements to the left occur (from data given by Trankland and 
Wharton, J., 1899, 75, 337), resulting in the methyl esters being 
carried progressively further into the negative region and the ethyl 
ester from the positive to the negative region. The mandelates 
are allied in this respect to the malates which are situated in the 
positive region, the molecular rotational displacements moving 
only slowly further into the positive region with increase of the 
acyl chain. 

Comparative data for lactic acid are afforded by the isobutyl 
ester and its derivatives {Wassmer and Guye, J, Ghvm. 

1903-4, 1, 257), in which the molecular rotation passes through a 
maximum at the propionyl derivative : 

[Af]» +22*6 +91-2 +95-8 +82-7 

« 18“^ 20® 18-6® 19® 

PiSter. Acetyl- Propionyl- Butyryl- derivative. 

The observations of Eceudenberg and his collaborators with 
respect to certain derivatives of the amino-acids are of importance. 
The following data indicate a right rotational displacement on 
passage from the methyl to the ethyl ester, both compounds being 
of configuration denoted by “ 15 ” : 

Methyl acetyl-Z-aspartate IMW —31®* —25° 

^tnyl „ „ —21°; „ —18®* 

Methyl benzoyl-Z-alamne \MW 4- 13-7° 

»» » — +98-6® t 

* Freudenberg and No§, Ber., 1925, 68, 2399. 
t Freudenberg and Rhino, Rer., 1924, 57, 1647. 

Thus this empirical method breaks down when applied to the 
natui^y ocourrag amino-acids. Anomaly, however, is a true 
criterion for their configuration. 

Botafyry Dispersion, 

The dispersion ratios for the iao-, and -esters axe sensibly 
constant as indicated in the table below. 
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Ester. A 6708. AS893. A 5461. A508& A 4359. 

Dispersion ratios at 45°. 

«.Bntyl 0-602 0-821 1 1-207 1-703 

isoButyl 0-598 0-820 1 1-203 1-715 

fert..Butyl 0-601 0-823 1 1-204 1-720 

d-eec..Butyl 0-588 0-823 1 1-210 1-843 

Dispersion ratios at 75°. 

»-Butyl 0-603 0-828 1 1-203 1-705 

isoButyl 0-602 0-821 1 1-195 1-708 

terf.-Butyl 0-600 0-829 1 1-208 1-730 

d^sec.-Butyl 0-590 0-820 1 1-210 1-868 


The sKght irregularity for the tertiary ester, particularly for 75° 
and X 4359, was confirmed on a new preparation of the ester. The 
dispersion curves tend to diverge from the corresponding curves 
of the n- and f^o-esters and to become steeper on proceeding into 
the violet end of the spectrum. Thus the substitution of branched 
chains for the normal chain has apparently Kttle effect on the value 
of the dispersion ratios, as in the results obtained for the corre- 
sponding esters of lactic acid. The magnitudes of the ratios vary 
considerably on proceeding from the lactates to the mandelates. 

The ratios for d-scc.-butyl Z-mandelate show greatest divergence 
from an average value for light of short wave-length. 

It is to be noted that the ratio [a]£8B/[a]M8i lies above the mini- 
mum value 1*57 for cases of simple rotatory dispersion. All the 
esters exhibit normal and complex rotatory dispersion. The chief 
points of interest with regard to the dispersion diagran^ axe : 

(1) The curves obtained by plotting 1 /a against X® show curvature ; 

(2) increase of temperature decreases the rotation; (3) the dis- 
persion curves are very nearly parallel, only slight convergency and 
divergency occurring at the red and blue ends of the spectrum, 
respectively; (4) no intersections take place in either the a-X or 
[a]~x curves; (5) the dispersion is allied to that of the lower normal 
esters of Z-hexahydromandelic acid (Wood and Comley, J., 1924, 
125, 2630), i.e,, it is similar in general character to that exhibited 
by certain of the ?i-alkyl Z-lactates in the positive region. IVom a 
consideration of (3), (4), and (5), it is inferred that the esters are 
not in proximity to the region of anomaly. 

The rotatory dispersion exhibited by d-acc.-butyl Z-mandelate is 
a simple example of the superposition of the partial rotations of two 
asymmetric centres in a single molecule (the centres possessing 
rotations of opposite sign and different dispersion ratios). The 
esterification of mandelic acid, which has a high negative rotation 
{[«]»*» ^ water, 156-8°), with 5ec,-butyl alcohol, which has a low 
positive rotation {[ol^ 13-66°), results in the formation of an ester 
showing a decrease of rotation compared with the other isomeric 
esters invest^ated, the effect not. being marked enough to cause the 
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appearance of visual anomaly, and the dispersion data indicate 
the dominant centre to be the asymmetric mandelyl group. It 
follows, therefore, that the partial rotations of the two asymmetric 
centres should be of comparable magnitude for visual anomaly. 
This case is different from that of <Z-56C.-butyl d -lactate, in which the 
rotatory powers of the two centres are comparable and favourable 
for anomaly in the visible region. 

Effect of Change of Temperature. 

The esters are sensitive to temperature change, the change in 
rotatory power being more pronounced in the blue region of the 
spectrum ; an increase in temperature causes a decrease in rotation. 
The temperature-rotation curves for the longer wave-lengths are 
nearly linear, but as the wave-length decreases the curvature 
increases uniformly. They form a series of curves converging to 
a small extent in the direction of increase of temperature ; they are 
slightly convex and inclined to the axis of zero rotation. Curvature 
is most apparent in the d-5ec.-butyl ester. Unsuccessful attempts 
were made with certain of these esters to. see whether at higher 
temperatures a more definite change in curvature could be realised. 

The temperature range over which the esters were investigated 
was comparatively small owing to the low decomposition and 
racemisation temperature, which occurred at 106—110®, for the 
n-, iso-j, and d-sec.-esters, and at 96 — 100® for the tertiary ester. 

Experimental. 

Meaolviion of Manddic ^dcid.— Mandelic acid was resolved by the 
precipitation and fractional crystallisation of its morphine salt 
(McEenzie, J., 1899, 76, 966) with the following modification, 
60 G. of mandelic acid (1 mol.) were neutralised with 96 g. of 
morphme (1 mol.) in 400 c.c. of water and evaporated on a water- 
bath to a gum ; while this was still warm, 400 c.c. of alcohol were 
added and the mixture was allowed to cool ; addition of a nucleus 
of the pure active salt and vigorous stirring and scratching then 
precipitated the impure morphine Z-manddate, m. p. 186®, rising 
to 223 — 224:° after two recrystallisations from absolute alcohol; 
[cqf ^ 110*5® in water {e «= 0*9499; I == 2). Yield, 47 g. The 
al^oid was precipitated from an aqueous solution of the salt 
with ammonia and filtered off, the acidified solution extracted with 
e&er, the extract dried, the solvent distilled, and the acid recrystal- 
Hsed from benzene; m. p. 133*5®; in water, — 167’2® (c = 
2*01; i =5:,2)* This was the highest rotation observed in a large 
niimb€9! of resoiutioxis. 

Besc^tion by means of qniiune was best efEeoted from dilute 
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alcohol. Mandelic acid (7»6 g. ; 1 mol.) and quinine (8*1 g. ; Jmol.) 
dissolved in 200 c.c. of 40% alcohol were gradually cooled to 0°. 
Crystallisation proceeded slowly, and the salt recrystallised from 
absolute alcohol had m. p. 180 — ^181° (decomp.) and [a]g‘, in alcohol, 
—143-3® (c = 0*579; a— 1-66®; i = 2). McKenzie {he. cit.) gives 
202® for the Z-salt and 180® for the 5-salt. The Z-mandelic acid 
obtained after decomposition of the salt and recrystallisation from 
water had [ajg" — 166*6® (c = approx. 2% in water) ; yield, 66%. 

n-Butyl l-Manddate. — Concentrated sulphuric acid (2*6 g.) was 
added carefully to a mixture of 8*7 g. of Z-mandelic acid and 13 g. 
of 7i-butyl alcohol (b. p, 117®) ; the mixture was refluxed for 8 hours 
on a water-bath, diluted with dry ether, neutralised with potassium 
carbonate, filtered, dried over a^ydrous sodium sulphate, and the 
ether evaporated. Excess of alcohol was removed at a low tmi- 
perature in a vacuum. The ester was dissolved in light petroleum 
(b. p. 40 — 60®) and cooled in a freezing mixture; the resulting 
crystals were recrystallised eight times and obtained in long, colourless 
needles, m. p. 38*5® (corr.). Yield, 7*8 g. (62%) (Found : C, 
69*06; H, 7*7; equiv. by saponification, 207*8. requires 

C, 69*2; H, 7*7%; equiv., 208*2). 

Comparative data available for this ester are as follows : 


Smiles and Walker ( J. Physical 

Chem.f 1909, 13, 580). Present authors. 


M. p 


31° 


38-6“ 

df 


1-0460 


1*0443 

df 


1*0370 


1-0356 

mg’ 

— 

192*2® 

- 

186-99° 




187-4° 

— 

181-79° 

Flotations 

were taken with a 1 dcm. 

tube. The rotatory dia- 

persion is complex. 




The ester decomposed at about 110®, 

Densities determined : 

Temp 

39-1® 

6M° 

80-0° 

102-7° 



1-0636 

1-0346 

1-0182 

0-9983 

dg-3" = 1-0604. 

' = 1-0346. d?r = 1-0174. 

= 0-9988. 

A. 



Wf- 


6708 

-67*02® 

-63*61° 

-60-00“ 

^ -56-67° 

6563 

70*62 

67-07 

63-26 

69-61 

6438 

. 73*88 

70*29 

66-49 

62-40 

6162 

82-35 

78-66 

74-36 

70-09 

5893 

91*77 

87-37 

82-90 

78-92 

5589 

105*80 

100-06 

95-00 

90-03 

5461 

lll!71 

106*79 

100*10 

96*31 

5324 

119*19 

113*27 

107-05 

102-28 

5086 

134-32 

127*38 

120*60 

115*04 

4861 

149*94 

142*02 

135-15 

128-6^( .... 

4678 

164*03 

156-73 

148*22 

141-26 , 

4466 

181-83 

172*32 

164*16 

167i2» ’■? 

4369 

190-21 

lSO-03 

171*62 

^64-96! 
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isoBvtyl l-Mavddate . — ^The prepaxatioii ^as similaj to that of the 
normal ester [10 g. of Z-aoid, 16 g. of Caobutyl alcohol (b. p. 106*6®), 
and 3 g. of sulphuric acid], and the crude ester purified as follows. 
A regulated current of dry air was drawn through a dilute solution 
of the ester in light petroleum (b. p. 40 — 60®), which was cooled in 
a freezing mixture. The gradual removal of the solvent caused 
crystallisation of the ester; eight to ten reorystallisations were 
necessary to give material of constant rotation and of m. p. 36*5° 
(con*.). Yield, 8*5 g. (60%) (Found: C, 69*1; H, 7*65; equiv., 
208*4. Oalc. for CjaHigOg: C, 69*2; H, 7*7%; equiv., 208*2). 
Walden {Z. ^hydhtl. Chem., 1895, 17, 706) gives — 209® ; 
[ajg' -100*73°. 

A 1 dcm. tube was employed for the measurements. The ester 
exhibits complex rotatory dispersion. 


Above 105® 
determined : 

decomposition of the ester was noted. 

Densities 

Temp. 

38*5° 

61*2® 

80*1® 

102-3'’ 

C ... 

1*0536 

1*0337 

1*0173 

0-9977 

df 

= 1*0606. df 

= 1*0357. 

df = 1*0165. df 

= 1-0007. 

A. 

[a]f. 

wf. 

Wf* 

1 — 1 

6708 

-74*30® 

-70*90® 

-66*94® 

-63*66® 

6663 

78*20 

74*92 

70*18 

66*67 

6438 

81*97 

78*63 

73*58 

69*82 

6152 

91*90 

87*75 

82*01 

77*31 

5893 

102*65 

97*68 

91*34 

86*01 

5589 

117*76 

111*87 

104*40 

98*67 

5461 

124*58 

118*32 

110*78 

104*23 

5324 

134*02 

126*77 

118*32 

111*64 

5086 

150-35 

142*03 

132*54 

126*65 

4861 

167*72 

157*86 

147*66 

140*90 

4678 

184*27 

172*98 

161*46 

153*99 

4455 

206*52 

193*31 

180*03 

170*95 

4359 

217*01 

202*97 

188*65 

179*03 


iieart.-Buiyl l-Manddcete . — ^To a mixture of ierf.-butyl alcohol 
(10 g.; b. p. 83°/760 mm.), Z-mandelic acid (10 g.), and 10 c.c. of 
light petroleum (b. p. 75 — 80°), sulphuric acid (3 g.) was added in 
the cold and the mixture refluxed on a water-bath for 4 hours; 
4 — 6 volumes of dry, light petroleum (b. p. 40 — 60°) were then 
shaken with the reaction mixture, and the upper layer was neutral- 
ised with pctassium carbonate, filtered, dried over anhydrous 
sodium sulphate, and the ether evaporated. The excess of alcohol 
was removed in a vacuum, and the ester recrystallised 8 as 

for tije preceding ester, to a constant rotation and m. p. 65°. Yield 
6*8 g. (45%) (Found: C, 69*4; H, 7*8%; equiv., 208*6). A 
peculiarify was noted in the behaviour of samples of the esters when 
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kept in a vacuum desiccator : the rotation increased and a com- 
pound of low m. p. was formed which rendered crystallisation of 
the ester difficult ; this was most pronounced in the tertiary ester 
and may be due to the formation of a lactide or ether. 


Eotations were taken in a 1 dcm, tube. The ester exhibits 
complex rotatory dispersion. 


Decomposition "v^as noted above 96°. 

Densities determined : 

Temp 

IC-O® 

37-5“ 

59-6“ 

79*6“ 

dK 



1-0682 

1-0520 

1-0325 

1-0146 


^ 1.0507. 

== 1.0335. 

dW-*" = 1*0167. 

A. 


[«]r- 


[“ir* 

6708 

-59-73“ 

-57-64“ 

-54*80“ 

-62*64“ 

6563 

62-82 

60-66 

57-63 

56-21 

6438 

65-86 

63-63 

60*47 

58-08 

6152 

74-06 

71-44 

67-83 

66-01 

5893 

82-70 

79-53 

75-55 

72-32 

5589 

94-54 

90-66 

86-16 

82-52 

5461 

100-20 

96-03 

91-48 

87-46 

5324 

107-04 

102-52 

97-72 

93-60 

5086 

121-11 

116-02 

110-20 

105-63 

4861 

134-03 

129-04 

123-12 

118-06 

4678 

146-65 

141-20 

135-02 

129-98 

4455 

164-83 

158-30 

151-33 

146-30 

4359 

172-40 

165-75 

157-85 

151-64 

d-sec.-Ett<^Z 1-JfawdeZafe.— 

-To a mixture of 8 g. of i-aec.-butyl 

alcohol (b. p. 

997757 mm.; 

; [a;g‘ -f 13*66“) and 10 

c.c. of light 

petroleum (b. p. 76 — 80°), cooled in ice and salt, sulphuric add 


{2-6 g.) was added, followed by 8 g. of ?-mandeKc acid. The mixture 
was refluxed on a water-bath for 6 hours and the ester isolated 
in a similar way to the tertiary ester; after 2 fractionations it 
had b. p. 88°/0*06 mm. and ag* 77*60°. A further preparation 
gave the same result, and a third fractionation was unnecessary. 
Yield, approx. 6 g. (50%) (Found: C, 69*2; H, 7*6%; equiv., 
208*4). 

Hydrolysis of the ester, 4 G. of the ester were treated with caustic 
potash and steam-distilled; the recovered alcohol was converted 
into the hydrogen phthaJate of m. p. 46 — 47°, [a]§" + 38*9° (m. p. 
of origmal hydrogen phthalate 48°, and [a]g’ -f 39*5° in alcohol). 
Acid hydrolysis and extraction with ether gave a specimen of acid 
which on reciystallisation once from benzene had m. p, 133°, 
[a]g‘ -166*3° (m. p. of origmal acid 133*5°, and [a]g' -156*8°). 

A 0*5-dcm. polarimeter tube was employed, and the ester was 
foimd to exMbit complex rotatory dispersion. Decomposition 
was noted at 105 — 110°. Densities determined : 

4o2 
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Teaoap 

.3-0® 

18-0* 

43-6“ 

68-5° 

93-0“ 

<*5 

1-0746 

1-0623 

1-0410 

1-0209 

0-9992 


<ij: = 

= 



dm* = 


1-0742. 

1-0607. 

1-0360. 

1-0207. 

1-0014. 

A. 

[alT- 

wr- 

00 

wr- 

■ — 1 

6708 

-56-34° 

-52-89“ 

-47*90“ 

-45-63“ 

-42-86“ 

6563 

59-43 

65-76 

60*04 

. 47-73 

44-99 

6438 ■ 

62-30 

58-49 

62-94 

50-29 

47*35 

6162 

69-88 

65-63 

69-50 

56-32 

53-04 

5893 

77-85 

73*12 

66*51 

62-96 

69*11 

5589 

89*51 

84-07 

76-14 

72-18 

67-84 

5461 

94-75 

89-06 

80-93 

76-65 

71-98 

5324 

101-32 

95-18 

86-58 

82-14 

76-95 

5086 

114-58 

107-74 

97-88 

92-62 

87-03 

4861. 

128*99 

121-71 

110-56 

105-09 

98-66 

4678 

143-79 

135-92 

123-51 

117-15 

110-20 

4455 

163-30 

164-25 

140-33 

133*67 

126-48 

4359 

173-02 

163-21 

149-03 

141-78 

135-06 


Summary. 

1. In the isomeric butyl mandelates, the i^abutyl ester shows an 
increase and the ^crt.-ester a decrease of negative rotation when 
compared with the «-ester. Pronounced decrease in rotation takes 
place when there are two asymmetric centres of opposite sign in 
the molecule, but wMiout visual anomaly. For visual anomaly 
the partial rotations of the two asymmetric centres should be of 
comparable magnitude. 

2. All the esters exhibit normal and complex rotatory dispersion. 

3. Increase of temperature causes a decrease in rotation of the 
esters. No maxima or minima occur in the temperature-rotation 


4. Cbmparison of the rotation data of the iso-, and ^er^.-esters 
affords no generalisation for relative configuration purposes. 

5. JEtotational displacements in related series are discussed as a 
guide to configuration. 

UinVEBSITY OP Besmingham, 

Edobaston. [Received, June IZth, 1928.] 


CCLXXXVl . — The Catalytic HydrogeTiation of Different 
Types of UnscMrated Compounds, Pa/rt III. The 
Sydrogenaiion of Conjugated Systems. 

By SBEsaxTBY V, BoBiiBsy and Ahastasu 0. Yaetischie. 

BrBatt S (^s txd., p. 823) we classified conjugated systems aecord- 
to method of cataiytio hydrogenation, and made a study of 

the l^fdxogenation of Isoprene as being rqHeseutatiYB of Type IE — 
fid moat complicated of the four types. It was also shown that a 
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diagram of the whole process could be constructed from a few 
suitably chosen experimental data. We have now studied three 
other compounds of the same type, viz., diisopropenyl, divinyl, and 
pipeiylene and our former conclusions are confirmed and extended. 

Experimental. 

(A) Diisopropenyl. 

A solution of pinaool (1 mol.) in acetic anhydride (4 mols.) was 
introduced drop by drop into warm acetic a^ydride in which a 
small quantity of crystaHine phosphoric acid was dissolved. Distill- 
ation gave a mixture of diisopropenyl and acetic acid, and redistiU- 
ation over metallio sodium gave diisopropenyl, b. p. 69®, 0*7262, 

dj: 0*7444 (yield, 86—90%). 

The hychogenation of diisopropenyl proceeds at a similar rate to 
that of isoprene, and the corresponding curve (Mg. 1 ; 1) is nearly 
the same, 68 — 70% of the hydrogen necessary for saturation being 
absorbed at a uniform velocity. The end of this stage is what we 
have called “ the critical point of hydrogenation of the conjugated 
system ” (he. cit.), for it corresponds to the disappearance of this 
system . In the next stage the rate of absorption increases, and then 
falls abruptly to the third and last section. The proportions of 
hydrogen absorbed in the different sections * as ealculated from 
Mg. 1 are : 


Section I 2. 3 

Hydrogen, % 69 22-6 8-5 


The formula of diisopropenyl, CHgICSMe’CMelOHg, indicates the 
following possibilities for the process of hydrogenation : (1) 1 : 2- 
or 3 : 4- Addition of 1 mol. to give os.-methylisopropylethylene. 
(2) 1 : 4-Addition of 1 mol. to give tetramethylethylene. (3) 
Addition of 2 mols. of hydrogen, giving diisopropyl. It will be shown 
later that the second section of the curve corresponds to the hydrogen- 
ation of methylisopropylethylene, and the third to that of tetra- 
methylethylene. Before the critical point (68 — ^70% of hydrogen 
absorbed) all three possible substances are formed simultaneously. 

The Hydrogenation Process prior to the Critical Point . — ^In order to 
study the process of hydrogenation up to the critical point, we 
interrupted it after the addition of 25% and 50% of hydrogen, and 
investigated the products. Diisopropenyl was removed as a soHd 
compound with sulphur dioxide as in the case of isoprene (lac. cii.); 

* The sections of the curves are separated by dashes which are placed pp 
the indefinite inteiznediate parts of the curve £a such' a posiHon thai Ihe&te 
parts are divided in proportion to the velocities of h^^dkt^genation 
horizontal portions cenoeroed. f ' ' ; * 
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and the remaining products were estimated by our method of hydro- 
genation of mixtures. 

26% Hydrogenation, To 17-4114 g. of dii^opropenyl, 2627 c.c. of 
hydrogen were added (see Table IV, No. 2), and the product was 
treated with sulphur dioxide at 0® and kept for 8 days. The liquid 
was distilled on a steam-bath into a vessel containing alkali at 0°, 
and the hydrocarbon layer, when separated and distilled over 



metallic sodium, boiled at 58 — 68®. The distillate was then 
analysed by the hydrogenation method. For this purpose 2'2385 g. 
were fully hydrogenated and absorbed 361 c.c. ; if the hydrocarbons 
consisted of hexylenes only, 627 c.c. would have been required; 
hence the composition was : hexylenes 57*6% ; diiaopropyl 42-4% 
(see Table IV^ No. 4). From the hydrogenation curve (Fig. 2; 1) 
we can detemiine the composition of the hexylenes. The first 
section (up to the dash) pertains, as will be shown later, to methyl- 
isopropylethylene, and the second to tetramethylethylene. In 
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Table I are given the amounts of hydrogen absorbed in different 
sections of the curve and the calculated compositions of the re- 
duction products ; Table 11 shows the composition of the original 
product of hydrogenation,* 


Table I. 

25% Hydrogenation. 


50% Hydrogenation. 


as,‘. 

Tetramethylethy] 
Diisopropyl 


Degree of 
hydrogenation. 


.c. of Hg 

com- 

C.c. of Hg 

Com- 

bsorbed. 

ponents, %. 

absorbed. 

ponents, %. 

9S 

263 


173 

106 


0 

42*5 

0 

39 

361 

100 

278*6 

100 

Table 

II. 



26%. 


50%. 

69%. 


Exptl. 

data. 


Data t 
from 
diagram. 


Exptl. 

data. 


Diisopropenyl 64: 

Diis^ropyl ............... 14 

os.-Methylisopropyl- 

ethylene 5 

Tetramethylethylene ... 14 
Total 100 


Data t 
from 
diagram. 


upon which 
diagram 
was based. 


•9% 

64% 


28% 

0% 

■9 

14 

28 

28 

38 

:|}20-2 

^1)22 

16*6 

32*1 .j 
12/*^ 

nr 


100 

100 

100 

100 

t See 

j p. 2196. 





60% Hydrogenation, To 14*228 g. of diisopropenyl, 4187 c.c. of 
hydrogen (1 mol.) were added , The hydrogenation product was freed 
from diisopropenyl as before, and kept saturated with sulphur 
dioxide for 10 days. When freed from the residue and distilled over 
metallic sodium, the hydrocarbons boiled at 67 — 68°. The com- 
position of this mixture was investigated by the hydrogenation 
method : 1*5969 g. of substance absorbed 278*5 c.c. of hydrogen; 
if the hydrocarbons consisted of hexylenes only, 456*6 c.c. would 
have been required. The composition was therefore hexylenes 
61%, dii^propyl 39% (see Table IV, No. 5). 

The nature of hexylenes as determined by the examination of the 
two sections of the curve (Kg. 2 ; 2) leads to the results given in 
Table I, from which it is possible to deduce the composition of the 
product before its treatment with sulphur dioxide, having regard to 
the fact that at 50% hydrogenation the amount of diisopropyl 

* The calculation is as follows ; 100 Mols. of diisopropenyl require 50 mohs. 

hydrogen for 25% hydrogenation ; if x mols. of hexylenes and y of diiso- 
propyl have been formed, we have as + 2y = 60, and xiy ^ 57*5 : 42*5;^ 
hence a; = 20*2 ; ^ = 14*9; and diwopropenyi (by diff.J t* 64-9, 
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formed is equal to the quantity of dmopropenyl remaining in the 
mixture, lie composition thus calculated is shown in Table II. 

In order to decide which section of the curve relates to a^.-methyl- 
isopropylethylene, the product * of 50% hydrogenation (freed from 
diisopropenyl) was hydrogenated in admixture with a standard 
asymmetrically disubstituted ethylene, viz,, camphene ; in Table III 
are shown (1) the amounts of hydrogen required in the various stages 
as calculated from the weight taken; (2) the amount of hydrogen 
actually absorbed by the hydrogenation (for numerical data, see 
Table IV, Expt. 6). Fig. 2, No. 3 is the corresponding curve. The 
table and the curve clearly show that camphene is hydrogenated in 
the first section of the curve ; hence, according to the rule given in 
Part I (J., 1925, 127, 417), UiS.-methylisopropylethylene is also 
hydrogenated in this section and tetramethylethylene in the second. 

Table III. 

C,c, of hydrogen absorbed m ihe sections of the hydrogenation curve 
for the mixture with camphene. 

Calc. Pound. 


Section 1 108 + 201 312 

Section 2 702 690 

Total 810 + 201. 1002 


1011 

69% Hydrogenation {up to the critical poinl). In Part II (foe. cit,) 
two methods of determining the critical point were described. 

(1) It corresponds to a break in the curve at the end of the first 
stage, such as is clearly seen at 69% hydrogenation in Kgs. 1 and 4. 

(2) It can be deduced from the amount of difoopropenyl present at 
any moment of the process before the critical point, for the liue 
representing this amount (see Kg. 5) cuts the axis of abscissae at the 
percentage of hydrogenation corresponding to the critical point. 
In the product of 50% hydrogenation the amount of difoopropenyl 
was 28% (see Table 11), and the continuation of the line through this 
point cuts the axis at 69*5%, in agreement with the value obtained 
by method (1). 

As the conjugated system is no longer present beyond the critical 
point, the treatment of the product by sulphur dioxide becomes 
uzmecessary, and the risk of isomerising the unsaturated substances 
(see Part -II) is avoided. For the addition of the remaining 31% of 
hydrogen we have two well-defined sections of the curve : the first, 

* The compoffltion of the product used in this experiment differed from 
that mentioned in Table I. It was ; saturated substance, 33 ; inethyKeo- 
propyfethyleae, 9; tetramethylethylene, 68%. 
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pertaining to methj^h^opropjdethylene, corresponds to 22-5% of 
hydrogen, and the second, relating to tetramethylethylene, to 8*5% 
(see p. 2191). The amounts of hexylenes corresponding to different 
sections are obtained by doubling the percentage of hydrogen 
absorbed over these sections. The composition calculated in this 
way is given in the third part of Table 11. 


Gkneral Survey of the HydrogeriaMon of Diisopropenyl, 

The diagram representing the hydrogenation of diisopropenyl 
(Kg. 6) is based on the data given in Table 11. It is similar to that 
of isoprene, as might be anticipated from the similarity of the two 
critical points, viz.^ 68-r-70% for diisopropenyl and 69 — 71% for 


Fia. 5. 


f 


Absorbed hydrogen^ %. 



• D^opropenyl, Bj^^^MethylisopropyUthyUne. 

, ^ I>i\Bojrropyl, TetramethyhfJiylene* 

iBJss Total heocylenes. O O QuantiUes fwmd essp&Hmev^^ 


isoprene. A further resemblance is to be found in the fact that the 
experimentally determined quantities of diisopropenyl, diisopropyl, 
and total hexylenes lie on practically strai^t lines. 

The lines for individual hexylenes, however, ?how breafcs, doubt- 
less owing to the circumstance that the relative quantities at 
and 60% hydrogenation are altered by isomerisation during the 
treatment with sulphur dioxide, which, as shown later, rajddly 
converts os.-methyKsopropylethylene into teiaramethylethylene. 
It is therefore improbable that the deviations are real; on the 
contrary, ihere is reason to believe that ihe curve? should bestraight 
as shown by the thicker lines in the diagram. In TaUe 11 
there are two sets of figures each for 26% and 60% hydrc^enato ; 
the experimental values are affected by the isomerisailaon, whe^] 
the others were obtained from the diagram and afe more Ift^y 
be correct. • 
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Hydrogemtion of Diisopropenyl mixed with Standard Ethylenic 
Derivatives of Different Degrees of Substitution, 

We undertook the hydrogenation of mixtures of diisopropenyl 
vnth ethylenic derivatives in order (1) to obtain sufficient hydrogen- 
ation curves to determine the position of the critical point, and (2) 
to determine the course of formation of the saturated molecules in 
the hydrogenation of a conjugated system. The numerical data and 
the results obtained are summarise in Tables IV, V, and VI. In 
Tables V and VI are shown (1) the amounts of hydrogen calculated 
for the three sections of the curve of diisopropenyl according to the 
scheme on p. 2191, and (2) the amounts of hydrogen which are 
actually absorbed in the sections of the curve in the hydrogenation 
of diisopropenyl in admixture with the standard ethylenic 
derivatives. 

From Tables IV, V, and VI and the corresponding curves we note 
the following circumstances. The added standard ethylenic deriv- 
atives are generally hydrogenated after the critical point in the 
places determined by their degree of substitution. Thus, camphene 
is hydrogenated in the second section of the curve (Fig. 3; 1), 
together with methylisopropylethylene, and tetramethylethylene 
in the third section (Fig. 4; 2). Crotonie acid (Fig. 3; 2) and 
trimethylethylene * (Kg. 4 ; 1), having no other substance of the 
same degree of substitution among the hydrog^ation products, 
form a new section inserted between sections 2 and 3. Yet the 
f^opropylethylene, added as a standard monosubstituted ethylene, 
is hydrogenated in the first section together with the conjugated 
system (Fig. 1 ; 2). The critical point retains its position and is 
clearly defined in every case. 

The Formation of Fully Saturated Molecules prior to the Critical 
Point. — ^The hydrogenation in admixture with camphene requires 
a special study. Here two facts are of importance : (1) The 

beginning of the hydrogenation of an a^.-disubstituted ethylene 
either formed in the actual process (methyliscpropylethylene) or 
added initially (camphene; methyl-fert.-butylethylene f), is dis- 
tinctly separated from the end of the first section. (2) The whole 
of the flw.-disubstituted standard added is hydrogenated after the 

* IxL the case of this compound, the volume of hydrogen in the second 
section is increased at the expense of the third section (compare Table IV, 
No, 10 and Table VI). This occurred because the trimethylethylene used 
contain^ some .o^.-methylethylethylene which, being an o^.-disubstituted 
ethylene, is naturally hydrogenated together with the similarly substituted 
xaethylfeoprcpylethylene. The curve is veiy long and only a part of the 
third section is included. 

f The hydrogenation of diisopropenyl in admixture with as.-methyltert,- 
butylethylene has given the same results as with camphene. 
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Table IV. 

NuTnerical dak^ for diisopropenyl hydrogeruited totally ^ partially, and 
in admixture with moTiosvbstitvied derivatives^ 

[0*2 g. of Pt was used throti^out except in Espts. No. 1 (0*3 g.) and No. 7 (0*25 g.).] 


Expt. 

No. Material. 

Weight 

(g.). 

calc. 

obs. 

Temp. 

Press. 

(mm.). 

Alcohol 

(C.C.). 

1 Bath 
temp. 

Curve 

No. 

1 C.Hio + 2H, 

0-8884 

507 

507 

13® 

758 

35 

0® 

Fig. 1 (1) 

2 4* 

17*4114 

2527 

2527 

20 

760 

70 

16-5 



3 C«Ht0 4" Ha 

14-228 

4187 

4187 

19 

755 

30 

16 



4 C«Hxo -4 iHa freed 

2-2385 

627 

861 

18 

770 

35 

14-25 


2(1) 

from 










5 GbHxo 4* Hf freed 
from 0«Hx« 

1-5969 

456*5 

278-5 

16 

760 

35 

14 

*1 

2(2) 

f CbHxo 4* Ha* freed 

6 \ from 0*H«, 4- 
1 camphene 

4-194 

810 '1 
201 / 

1002 

12 

750 

15 

14 


2(3) 

1-1574 








7 /Diisopropenyl 4- 
* \ f«}propylethylene 

0-6067 

0-7438 

832 1 
252 J 

580-5 

19 

765 

30 

17 

»» 

1(2) 

® { camph^e^ 

0- 8840 

1- 5288 

505 \ 
264 / 

760 

14 

760 

15 

14 

91 

3(1) 

Q /I)ii«opropenyl 4- 
\ ciotonic acid 

0-6100 

0-8000 

350 

218*5 

}559 

20 

775 

40 

16 

99 

3(2) 

/Diisopropenyl 4- 
t trimethylethylene 

0-6930 

0-4910 

403 

165*5 

j555 

21 

770 

30 

17-5 

9» 

4(1) 

f Diisopropenyl 4- 
11 i teraametbyl- 

0-4641 

0-3597 

263 ■ 
100 . 

|357 

17 

770 

15 

14 

It 

4(2) 


Table V. 

O.C. of hydrogen absorbed in the sections of the dmopropenyl curve when 
hydrogeruded in admixture with : 

wPropyl- Tetrametliyi- 

ethylene. Camphene. ethylene. 


Section. Calc. Found, Calc. Found. Calc. Found. 

"i^iTConjugated 

system J94-252 475 360 360 180 178 

2. Metbyliaopropyl- 

ethylene 75 80 110+264 358 68 59 

3- Tetramethyl- 

ethylene 28 25 45 42 25 + 100 120 

i2+252 680 506+264 760 263 + 100 357 


684 "^63 


Table VT. 

C,c, of hydrogen absorbed in the sections of the dihsopropenyl curve when 
hydrogenated in admixture with : 


Crotonie Trimethyl- 

acid. ethylene. 



Calc. 

Found. 

Calc. 

Found. 

Section 1. Conjugated system 

„ ,3. Methylwapropylethylene .... 

Section of the components added 

242 

77 

230 

85 

278 

91 

277 

105-6 



213 

— 

I3S»6 

„ 3. Tetramethylethylene 

31 

31 

34 

37 

Total 

.. 350 

559 

403 

556 
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critical point, and therefore does not alter the amount of fully 
saturated molecules formed before this point. This suggests that 
the fully saturated molecules formed before the critical point are not 
formed directly from the component to which the section relates, 
but from the conjugated system by addition of 2 mols. of hydrogen, 
either simultaneously or in such a rapid succession as to appear to 
be so. 

Hence, of the two assumptions made in Part II (this voL, p. 834), 
the second is obviously correct. 

Isomerisation of o^.^-MethyliBopropyUthykne by the Action of 
Sulphur Dioxide. 

We stated above (p. 2194) that the use of sulphur dioxide caused 
an isomerisation which affected the apparent composition of the 
hydrogenation products of diisopropenyl. In order to demonstrate 
this, the 50%-hydrogenation product, freed from dmopropenyl, 
was saturated with sulphur dioxide at 0°, and kept in a sealed tube 
at 100® for 3 days. The resulting hydrocarbons were &eed from 
sulphur dioxide and analysed by the hydrogenation method : 
2*049 g. absorbed 362 c.c., whereas 677 c.c. of hydrogen would have 
been required if the hydrocarbons contained hexylenes only ; hence 
the composition was: hexylenes 61%, dm^^ropyl 39%. The 
hydrogenation curve has two sections : in that corresponding to 
methylisopropylethylene 44 c.c. were absorbed, equivalent to 7*5% 
of this hydrocarbon, and the absorption of 308 c.c. in the other 
section indicated 63-5% of tetramethylethylene. 

Comparison of these proportions with those for the original 
material (Table I) shows a large decrease (38 to 7-5%) for methyl- 
i^opropylethylene and a corresponding increase (23 to 63*6%) in 
tetramethylethylene. Moreov^, these changes are much more 
extensive than those involving the amylenes derived from isoprene 
(see Part n, p. 835). 

(B) Divinyl. 

Divinyl, prepared by pyrogenetic decomposition of naphtha, was 
converted to the tetrabromide (m. p. after recrystallisation 113 — 
116°), regenerated by zinc -in alcoholic solution, and collected over 
saturated brine. A measured volume (usually 200 — 300 c.c.) was 
dissolved in alcohol containing platinum-black and hydrogenated 
at 0°, the amount of divinyl taken being calculated from the volume 
of hydrogen absorbed. The hydrogenation curve is given in Kg, 7. 

In the hydrogenation of divinyl, CB^ICfH^CSKGHg, three products 
can be formed, »-A®- and A^-butylene and butane. The rules 
given in Part I (toe. ct^.) postulate three sections on the curve, and 
these can, in fact, be observed. The first, relating to the conjugated 
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system, ends at the critical point ; the second pertains to A®-, and the 
third to A^-hntylene. The presence of the 1 : i hydrogenation 
product proves that divinyl belongs to our Type 11 of conjugated 
systems. The critical point on the curve is at 76% of hydrogen-, 
ation. The amounts of hydrogen absorbed in the diSerent sections 
as calculated from Mg. 7 are : 

Section 

Hydrogen, % 

Calculation from the hydrogen absorbed in the sections of the curves 
for divinyl in admixture with trimethylethylene (Eg. 8 ; 3) and with 
tetramethylethylene (Kg. 9; 2) gives similar figures. These two 
offer a good example for such a calculation, for on both curves all 


Fig. G. 


l«0 

5H 


V 





'! 

1 

/ 

/ 


N 



• 


1 

✓ 

i/ ■ 







< 













« ^ 59 75 ' we- 

Hydrogen absorbed, %* 


■ * Divinyl* 

— — Butane, 


rr T^.TT.rr Total butylenes, 
^ j^.Butylene, 

• — A^-Butylene. 


the divinyl is hydrogenated before the admixed substances. The 
figure 100% on these curves shows the point where the hydro- 
genation of divinyl is completed. The first of these curves shows 
clearly all the three sections ; on the second the limits of the third 
section are very clearly marked. The composition of the hydro- 
genation product at the critical point, as calculated from the 
amounts of hydrogen absorbed, is : Divinyl, 0 ; butane, 62 ; 
A«-butylene, 34 ; A^-butylene, 14% ; and Eg. 6 is constructed from 
these values. 

Hydrogeimiion of Divinyl in AimixVwrt wiili Monoethyhnic Deriv- 
atives of Different Degrees of Subatitution^ — ^The curves in Mgs. 7, 8, 
and 9 represent the hydrogenation of divinyl in admixture with 
ethylenic derivatives, and, in conjunction with the data of Tables 
Vn and Vni, they provide the material necessary for foUowiog^ 
the course of the process. Both for divinyl alone and for its mixtmsfis 
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the critical point is at 76% of hydrogenation. As in the case of 
other conjugated systems of Type II, the position of the critical 
point is not always clearly marked. The curve for the mixture with 
A^-butylene (Fig. 8 ; 2) is very similar to that of pure divinyl (Fig. 7), 
but is more prolonged in the last section. The dash marked 100% 
on the curves indicates the point where, by calculation, divinyl is 
consumed and hydrogenation of the admixed component begins. 



(C) PiperyUne, 

Kperylene, CHglCH-CH^CH-CHg, was obtained from piperidine 
by Hofmann’s method {Ber,, 1881, 14, 664) ; it had b. p. 41-6° ; 
d?* 0*6862. In spite of its unsymmetrical nature, piperylene can 
yield only two pentenes on hydrogenation, for the 1 : 2 and 
1 ; 4 addition of 1 mol. of hydrogen both lead to the same 
a.-methylethylethylene. It is therefore impossible to determine 
whether 1 : 4-addition actually occurs, but the properties of 
pipeicylene (c.^., its tendency to polymerise, and its energetic 
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Table VII. 

Num&riad data for divinyl hydrogenated atom and in admixture with 
mono^hyUnie derivatives. 

(Bath temperatuie, 0® ; weight of Pt, 0-2 g.; vol. of alcohol, 50 c.c.) 


G.c.ofHa 


E3Lpt. 

Ko. Material. 

Vol. 

(c.c.). 

Weight 

(g.). 

calc. 

obs. 

Temp. 

Press. 

(mm.). 

Curve 

No. 

1 Divinyl 

490 


980 

980 

17® 

765 

Fig. 7 

^ {^^^^oifelethylene 

223 

0-7606 

446 1 
257 / 

705 

17 

760 

„ 8(1) 

o /Divinyl + 

® \ A^*butylene 

266 

80 


532 S 
80 / 

600 

18 

760 

„ 8(2) 

^ { casS^li^e 

266 

1-2098 

532 S 
211 / 

734 

19 

765 

„ 9(1) 

^ {^fe^ethylethylene 

264 

0-5138 

528 \ 
173 / 

697 

18 

765 

„ 8(3) 

a /Divinyl + 

1. tetramethyiethylene 

287 

0-210 

574 \ 
59 / 

629 

18 

760 

« 9(2) 


Table VTH. 

(7.C. of hydrogen absorbed in the sections of the curve when divinyl is 
hydrogerwuled in admixture with : 


iMPropyl- Trimetliyl- Tetramethyl- 

ethylene. A^-Butylene. Camphene. ethylene. ethylene. 


Section. 

Calc. 

Found. 

Calc. 

Found. 

Calc. 

Found. 

Calc. 

Found. 

CalcT 

Found. 

1 

339 

877 

405-5 

390 

419 

403 

416-5 

397 

435-5 

436 

2 

76 + 257 

289 

81 

90-5 

97 

89 

98-6 

88 

97-6 

100 

. A* 


— 



211 

216 


— 

— 


3 

81 

30 

87-5'+ 80 

120-5 

39 

54 

38 

42 

40 

40 

B* 



— 

— 

— 

— 

173 

170 

59 

53 

Total 

446 + 257 

705 

624 + 80 

601 

763 

762 

721 

697 

632 

629 


703 604 

* The sections thus denoted are due to substances which, in the absence of similarly sub- 
stituted compounds among the products of hydrogenation, have formed their own sections. 


reaction mth sulphur dioxide) would suggest that some of the 
d.-methylethylethylene is formed in this way. 

Kperylene evidently belongs to our Type II of conjugated systems. 
Its hydrogenation curve (Fig, 10) has three sections : that before the 
critical point (74% hydrogenation) is nearly horizontal ; the second, 
due to propylethylene, corresponds to the more rapid absorption of 
6*5% of hydrogen; and the third (19*5% of hydrogen) relates to 
5.-methylethylethylene (see Table X). 

The amounts of hydrogen absorbed in the corresponding sections 
of the hydrogenation curves of piperylene in admixture with 
different derivatives of ethylene give nearly similar figures, the 
critical point usually corresponding to 72% hydrogenation (see 
Table IX). 


The figures of the last column serve to calculate the composition 
of the hydrogenation product at the critical point. The amount oi 
the particular pentene corresponding to each section is obtato^ Spy- 


doubling the percentage of hydrogen absorbed over that. ^ 
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Table IX. 

Percentages of hydrogen absorbed in the sections of the curves for 

piperylene. 

No. of Big. and cim'e 10. 12(1). 12(2). 12(3). 13(2). Mean. 

Section 1 74 73—75 72 72 72 73 

„ 2 6*5 9—7 8 8 8 7-5 

„ 3 19-5 18 20 20 20 19-5 

the amount of pentane is obtained by difference. The composition 
thus calculated is : Pipeiylene, 0 ; propylethylene, 16 ; s.-methyl- 
ethylethylene, 39; pentane, 46%. From these values in con- 
junction with Table IX, Mg. 11 is plotted by the method used in the 
case of di/aopropenyl (Kg. 5). 



— Fip&ryUne. 

— — — — Pentone. 

TT . a a, Total pentenes. 


— • — Propykdiyl&ne^ 

^ ^ B,*Methylethyl6tkylme^ 

O O QtianMtiesfownd experimenkdly* 


Table X, 

Numerical data for piperylene hydrogenaled alone and in admixture 
wiffh monoeffiylenic derivatives. 


(0*2 6. of Pt and IS c.c. of alcohol were used in each experiment except the first, for which 
0*23 g. and 25 c.c., respectively, were used.) 

C.c. of H, 


Expt. 

Weight 




Press. 

Bath 

Curve 

No. Material. 

(g.>. 

calc; 

obs. 

Temp. 

(mm.). 

temp. 

No. 

1 Piperylene 

1-4539 

1022 

1015 

14" 

750 

12-75" 

Pig. 10 


0- 4515 

1- 3050 

316 ' 
192 . 

^ 604 

15 

757 

13-75 

» 12(1) 

« / Piperylene 
^ \ OaxBpoaoie 

0-4819 

10038 

83V5" 
172. . 

491 

15 

767 

14-25 

u 12(2) 

j / Piperylene 
* \ Anethole 

0-4287 

2-9340 

304 1 
480 J 

}• 760 

16 

745 

13-5 

» 12C8)> 

e r Ptpecylfi&e 
^ \ Methylheptenone 

0- 4940 

1- 1224 

844 1 
210 J 

542 

13 

765 

10-5 

„ 13(1)' 

A / Piperylene 
^iTettamethyleihylm 

0-5881 

o-m7 

409 ' 
76 . 

484-5 

16 

758 

13-5 

4, 13(2)^ 


* A xnaxhed 100% on these curves indicates the point where piperylene is consumed 
and the hydrogenation of the admixed substance begins. 
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Bydrogencxition ofPiperylene Mixed with Standard EthyUnic Deriv- 
atives of Differed Degrees of Substitution. — We have examined a 
number of mixtures of piperylene with ethylenic derivatives of 
different degrees of substitution. The numerical data for these 
mixtures are in Tables X and XI. The construction of Table XI is 
similar to that of Table V. 



Time {in minutes). 



Erom Tables X and XI the following facts emerge. (1) In the 
mixture of piperylene with safrole (a monosubstituted ethylene) the 
critical point is not clearly marked, for the safrole is partially 
hydrogenated in the first section (Kg. 12 ; 1). (2) The mixture 
with camphene gives a peculiar curve, for this ua.-disubstituted 
ethylene has no pentene of the same degree of substitution among 
the products of hydrogenation; hence it forms an mdependent 
section (A) on the curve. (3) Anethole (Kg. 12; 3) and 5,-methyl- 
ethylethylene, being of the same degree of substitution, hydrogenate 
simultaneously. (4) Methylheptenone (Kg. 13; 1) and tetra- 
methylethylene (Kg. 13; 2), like camphene, form independent 
sections (B). These derivatives of ethylene are to be found in 
last sections of the curves 
of substitution. 


in the places determined by their ‘i 
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Summary, 

(1) The study of the hydrogenation of diijopropenyl confirms and 
extends the general conclusions previously dravTi from the study of 
isoprene. 

(2) The amounts of all the components formed during the process 
of hydrogenation are shown in the hydrogenation diagram of 
Type n of conjugated systems as straight lines joining the zero 
point of the diagram with the corresponding points lying on the 
ordinate of the ‘‘ critical point of hydrogenation.” 

(3) Saturated compounds are formed before the critical point is 
reached, because some molecules add two molecules of hydrogen 
simultaneously. 

(4) The mono-ethylenic derivatives of different degrees of sub- 
stitution, either formed in the process of hydrogenation or added 
initially, are hydrogenated after the critical point in places deter- 
mined by their degrees of substitution. The mono-substituted 
ethylenes do not follow this rule, but hydrogenate partially or 
completely before the critical point. 

(5) Piperylene and divinyl belong to Type II of conjugated 
systems. Diagrams are constructed showing the whole course 
of hydrogenation of these hydrocarbons. 

MHiItaby Medical Academy, 

Leetntgbad. [Becdvedf May 29^, 1928.] 


CCLXXXVn.— 10 - CJihro -5:10- dihydrophenarsazine 
and its Derivatives. Part VI. Compounds con- 
taining Two Nitrogen and Two Arsenic Atoms in 
Six- and Five-ringed Systems. 

By Charles Stanley Gibson and John Dobney Andrew Johnson. 

By employing and extending the methods of preparation and 
synthesis described in previous papers ( J., 1926, 460, 464, 2241 ; 1927, 
247, 2499), compounds of the type I (X = H or Me) can be obtained. 
If, for example, benzidine (1 moL) be condensed with o-bromo- 
phenylarsinic acid (2 mols.), 4 : 4:-bis{diphenyhmim~2' -arsinic acid) 
(II) is obtained. This acid when reduced with sulphur dioxide in 
the presence of alcohol, hydrochloric acid, and a trace of iodine is 
readily converted into 2 : 2'-6ia(10-cAZoro-5 : lO-dihydrophemrsazine) 
(I ; X = H). The compound so obtained appears to be identical 
with that prepared by condensing JTiV^'-diphenylbenzidine (1 mol.) 
with arsenious chloride (2 mols.). The only means of comparing 
these two products is by microscopic examination, since they are 
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insoluble and their melting points cannot be dete rm i n ed in the 
ordinary way. By the methods already described, the chloro- 

AsCl AsCl 

(I.) 

(n.) /"^NH- (in.) 

“ NH J, 

compound (I ; X = H) has been oxidised to 2 : 2' •bis{phenarsazinic 
acid) {ni ; X = H), and from the latter the corresponding bromo- 
compound is readily obtained by the usual method of reduction. 

The condensation of i/^^'-dd-p-tolylbenzidine with arsenious 
chloride gave 2 ; 2*-bi${lO-chloro-S~methyl‘5 ; lO-dihydrophenarsazine) 
(I; X == Me), from this 2 : 2 '-bi 3 ( 6 -methylphenarsazinic acid) (III; 
X = Me) was obtained by oxidation, and the chloro-, bromo”, and 
iodo-compounds were prepared from the acid by reduction. 

The above halogen compounds are intensely coloured, do not 
melt below 320®, and are practically insoluble in all the usual 
organic solvents. An acid of the type (II) can be reciystallised from 
dilute acetic acid, but acids of the type (III ; X = H or Me) are 
insoluble in all solvents. They can, however, be purified con- 
veniently through their crystalline disodium salts. This makes it 
possible to obtain the reduced halogen derivatives from them in a 
state of purity and, in the case of the chloro-compounds (I), these 
can be compared with the products of condensation of arsenious 
chloride and the di-secondary amines. 

o-Bromophenylarsinic acid condensed with o-, w-, and p-phenyl- 
enediamines to give (IV) 1 : 2-, (V) 1 : 3-, and (VI) 1 : 4:-phenylene^ 
diaminodi-o-phenylarsinic acid^ respectively, but only the condens- 
ation with jw-phenylenediamine was really satisfactory. The 
compound (IV) could not be purified and was reduced immediately 
in the presence of hydrochloric acid to 5 : S^dichloro-lZ : 14* : 5 : 8- 
tetrahydroisobmzarsazimphemrsazine (VTI). This is the only possible 
constitution of a compound formed in this way. Owing to its 
sparing solubiliiy, this compound could not be purified in the 

* For simplicity, it is preferred for these complex eompoimds to write the 
numbers of the hetero-atoms of lower atomic weight before those of the hetero- 
atoms of higher atomic weight in spite of the ordinary rule of order of number- 
ing. This system is adhered to throughout this paper. 
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ordinary way, fcut by osidisiug it to the diaisiiiic acid, freeing the 
latter from non-acidic impurities by solution in sodium hydroxide. 


AsO(OH)2 




and again reducing the precipitated acid, it was obtained in a reason- 
able state of purity, ^ntrary to expectation, this compound was 
not produced by condensing ^i?^'-diphenyl-o-phenylenediamine 
(1 moL) (Qemo, Perkin, and Robinson, J., 1924, 125, 1780 ; Gibson 
and Johnson, this yoL, p. 1988) with aisenious chloride (2 mols.), 
but the preliminary change in colour noticed might indicate the 
forination of an intermediate compound (compare Burton and 
Gibson, J., 1926, 454). 

After purification by crystallisation from acetic acid, the diarsinic 
acid (V), when reduced in the presence of hydrochloric acid, yielded 
without difficulty a compound which can have either formula (Vlil) 
or (IX). The product was highly crystalline and bright yeUbw. It 



12 : li-Dichloro-'^ ; 7 : 12 ; l^-ietra- 
hffdrobmzur^azinepTienahazine, 


ClAa/\/ 

^ ;iNH 

' Y 



8 ; 14i-DicklQro-5 : 13 : 8 ; 14-fetra^ 
h^robemarsazinephenarsazine. 


differed from the bright red compound, obtained by condensing 
pure jS^iff'-diphenyl-m-phenylenecKamine (1 mol.) with arsenious 
chloride (2 mols.) under the usual conditions, not only in colour but 
also in crsretalline form when viewed under the microscope. The 
latt^ con^Bsation prodactcould also have a constitution represented 
by either (Vill) or (IX). When these two dichloro-compounds 
were separately oxidised to the diarsinic acids and these acids 
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separately reduced back to diohloro-compounds, products having 
the same colour {yellow) but different properties were obtained. 
The insolubility of the compounds and the absence of melting 
points, however, prevented absolute comparisons being made. In 
spite of the apparent differences between the two diehloro-com- 
pounds, specimens of the diarsinic acid [5:7:12: 14(or 5:13:8: 14)- 
bmmrsazinicpJienarsazimc acid] prepared from both, when purified 
through the highly crystalline disodium saHt, appeared to be identical. 
R:om this acid, by reduction in the presence of hydrobromic acid 
and hydriodio acid respectively, the sparingly soluble, highly 
crystalline, and coloured dibromo- and di-iodo-compounds were 
easily obtained. 

the above diarsinic acid was treated with hypophosphorous 
acid, no reduction took place until iodine was add^, and the sub- 
stance then precipitated was not the cacodyl compoimd but the 
above di-iodo-compound. The necessity for the presence of iodine 
(or hydriodio acid) for reduction of quinquevalent arsenic in organic 
compounds by hypophosphorous acid to take place has been pointed 
out by previous workers. 

A"J/’'-Diphenyl-p-phenylenediamine (1 mol.) condenses readily 
with arsenious chloride (2 mols.) and the compound produced may 
be either 7 : 14r-dicJiloro-5 : 12 : 7 : l4:-tetraJiydrobenzarsazinephen- 
arsazine (X) or 13 : li-dicMoro-B : 8 : 13 : 14:4etrdhydrobenzar$azine- 
phenarmzine {XI), The product appeared to be homogeneous, 



and being sparingly soluble, was oxidised to the corresponding 
5 : 12 : 7 : 14(or 6 : 8 : 13 : 14:ybemarmzinicph&fiarsazimc acid, which 
a^in was purified through its disodivm salt. The acid when reduced 
in the presence of hyiochloric acid gave the above-mentioned 
dichloro-compound, an orange-red, highly crystalline substance 
which, like the isomeric substances, does not melt below 320®. 
Similarly, the dibrojwo-compound with analogous properties was 
obtained by reducing the acid in the presence of hydrobromic acid, 
but the di-iodo-compound could not be obtained pure. 

The wori: now described emphasises the hi^y crystalline nature 
and intense colour of the homologues of lO-chloro-6 : 10-dihydrOr 
phenarsazine and of the corresponding bromo- and iodo-compoi|Ji§8i 
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even wlien these derivatives possess a much more complicated 
structure which renders them insoluble and high-melting solids. 

Experimental. 

4 : acid) (IE). — mixture of 
benzidine (3-45 g.; 1 moL), o-bromophenylarsinic acid (ll-S g.; 
2 mols.), anhydrous potassium carbonate (8-8 g.), amyl alcohol 
(40 c.c.), and a trace of copper powder was boiled under reflux for 
5 hours; the product was steam-distiHed to remove amyl alcohol 
and filtered while hot. On acidifying the filtrate with dilute hydro- 
chloric acid, a discoloured acid was precipitated. This was obtained 
as a white powder, unmelted at 320®, by recrystallisation from dilute 
acetic acid (Found i As, 25*3. recj^uires As, 25*7%), 

2 : 2'-jBis(10-cAZoro-5 : lO-dihydro'phenarsazine) (I; X = H). — 
(a) The preceding compound (crude, 1-2 g.), dissolved in a hot 
mixture of alcohol (25 c.c.) and hydrochloric acid (20 c.c.) to which 
a trace of iodine had been added, was reduced by passing sulphur 
dioxide for a few minutes. The precipitated cJdoro-compound was 
washed with alcohol and ether and dried at 120® (Found : Cl, 12-7. 
CaiHieNgCI^Asg requires Cl, 12-8%). 

{b) jyjJ’^-Diphenyibenzidine (m. p. 250®; from toluene) was 
prepared from diphenylamine by the method described by Wieland 
and Wecker {Ber., 1922, 55, 1804) for the preparation of NN'-di- 
p-tolylbenzidiie ; yield, 60%, The method described by Wieland 
and Muller {Ber,, 1913, 46, 3296) gives a poor 3 deld, as Marqueyrol 
and Muraour (BuU. Soc, cMm,, 1914, 15, 186) have shown. 

A mixture of AW'-diphenylbenzidine (23-1 g, ; 1 moL), arsenious 
chloride (27-8 g, ; 2-2 mols.), and o-dichlorobenzene (100 c.c.) was 
boiled under reflux for 5 hours. (The mixture while still cold 
developed a greenish-blue coloration: this has been frequently 
noticed in other condensations of this type and it may indicate the 
formation of a primary addition compound which is subsequently 
transformed into the ring condensation product ; compare Burton 
and Gibson, J., 1926, 454.) Hydrogen chloride was fr^ly evolved 
as soon as boiling commenced, and solid matter began to separate 
after about 30 minutes. The liquid was filtered while hot, the 
residue washed several times with hot o-dichlorobenzene to remove 
unchanged soluble materials, and the last trace of o-dichlorobenzene 
removed from the product by heating at 160® for a short time. In 
this condensation, it is important that carefully purified materials 
should be used; otherwise, highly coloured by-products are formed 
and these render the purification of the main product a 
matter of considerable difificulty. Yield, 58% (Found : As, 26-9. 
C^Hj^^gClgASg requires As, 27-1%), 
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2 : 2'-Bis{\Q-cMoro-^ : IQ-dihydrophemrsazine) formed by either 
of the above methods is a pale orange-yellow, microcrystalline 
powder, insoluble in all the usual organic solvents and such solvents 
as acetylene tetrachloride, o-dichlorobenzene, and nitrobenzene. 
It is slightly soluble in boiling naphthalene and crystallises from it 
in minute prisms on cooling. It remains unmelted at 326°. 

(c) 2 : 2'-Bis(10-chloro-5 : 10-dihydrophenarsazine) was also pre- 
pared from 2 ; 2'-bis(phenarsazinic acid) by a similar method to 
that used for the corresponding bromo-compound (see below). 

2 : 2^~Bis{phenarsazinic acid) (III; X = H). — ^The use of chlor- 
amine-T (Burton and Gibson, J., 1924, 125, 2276) for the oxidation 
of the preceding compound was impracticable because of the 
insolubility of the latter in acetone or water. 2 : 2'-Bis-(10-chloro- 
6 : lO-dihydrophenarsazine) (6 g.) was boiled with acetic acid 
(100 c.c.) in order to obtain the substance in a fine state of division. 
To the cooled suspension, hydrogen peroxide (20 vol. ; 16 c.c.) 
was added and the mixture carefully heated to boiling. The colour 
of the chloro-compound changed to greyish-brown and in about 
6 minutes oxidation was completed. (Because of their insolubility 
in acetic acid, oxidation of the ohloro-compounds described in this 
communication does not proceed so readily and completely as in 
the case of the substances previously described; compare J., 1927, 
2614.) Water (250 c.c.) was added to the cooled mixture and the 
solid matter was filtered off, well washed with water, and boiled 
with dilute aqueous sodium hydroxide. The solution obtained was 
filtered from non-acidic substances and treated with 20% aqueous 
sodium hydroxide until the hot, deep brown solution began to 
deposit the colourless crystalline disodium salt. This was filtered 
off when cold, well drained on the filter, dissolved in a small quantity 
of hot water, and reprecipitated as before with 20% sodium 
hydroxide solution. The disodium salt prepared in this way was 
obtained in short colourless needles, slightly soluble in cold water 
and more soluble in hot. For analysis, it was well washed with 
ice-cold water and dried at 160 — 166° (Found : Na, 7*6. 
Ca4Hi6 04 lf 2 As^aa requires Na, 7*8%). From a solution of the 
disodium salt in warm water, dilute hydrochloric acid precipitated 
2 : 2^ -bisiphenaraazinic acid) as a white and somewhat gelatinous 
precipitate (3*5 g.). It was washed with water and dried at 140 — 
146° (Found : As, 27*3, requires As, 27-36%). 

2 : 2'-Bis(phenarsazinic acid) is a white amorphous powder 
insoluble in the ordinary organic solvents and remains unmelted at 
326°. As it was insoluble in a hot mixture of alcohol and hydro- 
chloric acid, attempts to prepare a hydrochloride were unsuccessful. 
The potassium salt resembles the soditun salt; the magnesium. 
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calcium, and baiimn salts are white microciystaJline precipitates ; 
the mercnrous and mercnric salts are heavy white precipitates/ the 
latter somewhat crystalline ; the silver salt is a white cnrdy pre- 
cipitate soluble in ammonia ; and the cupric salt is a pale greenish- 
blue, curdy precipitate. The acid itself is soluble in ammonia, 
but, being such a weak acid, is precipitated on boiling, ammonia 
escaping. Attempts to reduce the acid in acetic acid suspension to 
a cacodyl compound by means of hypopho^horous acid were 
unsuccessful. 

2 ; 2'~Bis(10-br(mo^5 : lO-dihi/dropkenarsazzne) (formula as I) was 
prepared by reducing with sulphur dioxide a suspension of 2 : 2'-bis- 
(phenarsazinic acid) (1-8 g.) in a hot mixture of alcohol (20 c.c.) and 
hydrobromic acid (const, b. p. ; 12 c.o.) to which a trace of 
iodine had been added, an orange-yellow colour being developed ; 
the precipitate was washed with alcohol and dried at 140® (Found : 
Br, 24-7. C 24 Hi 6 lT 2 Br 2 As 2 requires Br, 24*9%). 

2 : 2'~Bi3(10~cMoro-8-7neth^l~5 : \^-d%hyiro^imiaTmzw^ (I; X = 
Me) was prepared from arsenious chloride (10-5 g.), JTJff'-di-p-tolyl- 
benzidiue [prepared according to the method of Wieland and 
Weeker (foe. cit) and obtamed as colourless plates, m. p. 234®, 
much more soluble in toluene than jy-jy^-diphenylbenzidine} (9*6 g.), 
and o-dichlorobenzene (38 o.c.) as described for 2 : 2'-bis(10-chlDro- 
6 : lO-dihydrophenarsazine) ; yield, 64%. It was obtamed in small 
orange-r^ crystals (Found: Cl, 12*4. CagHgoSTgOlgAsa requires 

a 12*2%). 

It was also prepared by reducing with sulphur dioxide a hot 
suspension of 2 : 2'-bis(8-methylphenarsazinic acid) (1-2 g. ; see 
below) in alcohol (26 c.c.) and hydrochloric acid (20 c.c.) containing 
a trace of iodine. Owing to the insolubility of the acid and of the 
ohloiD-compound it was necessary to heat the mixture for 30 minutes 
on the water-bath and to shake it frequently in order to obtain 
complete reduction. The product was washed with alcohol- 
hydrochloric acid and with alcohol and dried at 140® (Found : CSl, 
12-1. C^gHgt^ETaCIgAsg requires Q, 12-2%). 

2 : a^id) (lEE; X = Me) was pre- 

pared in 64% yield by oxidising the pr^eding compound (9*6 g.) 
in acetic acid (150 c.c.) suspension with hydrogen peroxide (20 vol. ; 
32 c.c.) as described for 2 : 2'-bis(phenarsazinic acid). It was 
purified through its disodium salt, which forms short colourless 
needles closely resembling in properties the disodium salt of 
2 : 2^b!s{phen arsazinie acid). The salt was wadied with 90% 
alcohol, ab^lute alcohol, and ether and dried at 140 — ^160® (Foimd : 
TSfa, 7*5. C^g!^ 04 N 2 A£^a 2 requires Na, 74%). When a warm 
aqueous solution of the disodium salt was acidified with dilute 
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hydrochloric acid, 2 : 2'-bis{8'‘7net]iylp7benar8azinic acid) was pre- 
cipitated as a white amorphous powder. It does not melt at 320° 
(Found : As, 26-0. C 26 H 22 O 4 N 2 AS 2 requires As, 26*0%). 

2 : 2*-Bis(10-br(mO’S-methyl-6 : lO-dihydrophmarsazine) (formula 
as I; X = Me) was prepared from the preceding acid (1-0 g.), 
suspended in a boiling mixture of alcohol (25 c.c.) and hydrobromic 
acid (const, b. p. ; 20 c.c.) containing a trace of iodine, as described 
for the preceding chloro-compound. It was a red micro-crystalline 
substance. For analysis it was dried at 140° (Found : Br, 22-8. 
C^gHgoNgBraAsa requires Br, 22-7%). 

2 : 2*-Bis{lQ4odo-S‘ni£,thyl-5 : 10-dihydrophmar$azine) was pre- 
pared in a similar manner to the corresponding chloro-compound 
from 2 : 2'-bis(8-methylphenarsazmio acid) (1*4 g.), alcohol 
(25 C.C.), and hydiiodic acid (approx. 30%; 20 c.c.). It was a 
puiplish-red solid which was unmelted at 320° (Found : I, 32-9. 
CgeHaoSTgl^a requires I, 33*2%). 

5 : B-Dichloro-lZ : 14 : 5 ; S-tetrahydroisoberizarsazhiepheTiarsazine 
(VII). — ^The condensation of o-phenylenediamine (5*3 g. ; 1 mol.) 
with c-bromophenylarsinic acid (27-4 g.; 2 mols.) by boiling with 
potassium carbonate (21*4 g.), a trace of copper powder, and amyl 
alcohol (100 C.C.) for 6 hours gave a very discoloured product. AH 
attempts to purify it in the ordinary way were unsuccessful. The 
crude product ( 2*0 g.), dissolved in a boiling mixture of alcohol 
(20 c.c.) and hydrochloric acid (16 c.c.) containing a trace of iodine, 
was reduced with sulphur dioxide in the usual way and a discoloured 
product again resulted. Since this could not be crystallised, it 
(34 g.) was suspended in acetic acid (30 c.c.) and oxidised with 
hydrogen peroxide (20 vol . ; 4-2 c.c.) as previously described. The 
insoluble product was dissolved in hot dilute aqueous sodium 
hydroxide, the solution ifiltered, and the filtrate acidified. The 
precipitated acid was reduced again as just described. The pre- 
cipitated cJihro-compound was dark brown, insoluble in all the usual 
solvents, and remained unmelted at 320° (Foxmd: d, 16*15. 
CigHjgKfgdgAsg requires d, 14*9%). 

1 ; 3-PAe»yfenediasmf7iodz-o-pJie?i^Zarsi?wc Acid (V). — ^A mixture 
of w-phenylenediamine (m. p. 95°; 6*26 g. ; 1 mol.), o-bromo- 
phenylarsinio acid (274 g. ; 2 mols.), anhydrous potassium carbonate 
(21*4 g.), amyl alcohol (100 c.c.), and a trace of copper powder was 
boiled under reflux for 6 hours. The product was worked up 
as described for 4 : 4-biB(diphenyiamine-2'-arsinic acid). The 
somewhat discoloured acid obtained ( 22 % yield) was ciystaBised 
with difiB-oulty from dilute acetic acid arid dried at 160° (Found : 
As, 29*25. CigHj^OgN^Asg requires As, 29*6%). It is a colourless 
solid, umnelted at 325°, insoluble in water, sparingly sohzbier itx 
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glacial acetic acid and in dilute mineral acids. Its ready solubility 
in a mixture of hydrochloric acid and alcohol distinguishes it from 
the corresponding ring acid. 

12 ; 14{or 8 : UyDichloro-5 : 7 : 12 : 14(or 5 : 13 : 8 : 14:)4etra- 
hydrobenmrsaziTbepheTiarsazine (VUE or IX) was prepared by 
reducing a boiling solution of the preceding acid (54 g.) in alcohol 
(54 c.c.) and hydrochloric acid (43 c.c.) in the usual way. The 
precipitated chloro-compound (69% yield) was washed with alcohol 
and dried at 140®. It formed clusters of slender yellow prisms 
(Found: As, 31-25; O, 14-5. CigHiaNgCl^Asg requires As, 31-4; 
a, 14-9%). 

When ^A^'-diphenyl-m-phenylenediamine (5-95 g.), arsenious 
chloride (9*17 g.), and o-dichlorobenzene (34 c.c.) were boiled for 
5 hours, stout red prisms formed, which were filtered off from the 
hot solution, washed with hot o-dichlorobenzene and with benzene, 
and dried at 140® (yield, 7*75 g.; 71%) (Found : Cl, 15-1%). 

The products of these two preparations remained unmelted at 
320® but did not appear to be identical. Apart from their differences 
in colour and crystalline form when viewed under the microscope, the 
former had a more pronounced effect on the mucous membrane 
than the latter. The diarsinio acid obtained from each on oxidation 
(see below) gave on reduction a chloro-compound : that derived 
originally from 1 : 3-phenylenediaminodi-a-phenylarsinic acid had a 
marked tendency to crystallise and a marked effect on the mucous 
membrane, whereas that derived origmally from .STiV'-diphenyl- 
m-phenylenediamine was amorphous and had no effect on the 
mucous membrane. Both substances were sufficiently soluble in 
acetone to impart to it a yellow colour, which was discharged on 
addition of an equal volume of a dilute aqueous solution of chlor- 
amine-T, a small quantity of a white substance (unmelted at 325®) 
being precipitated. 

5 : 7 : 12 ; 14(or 5 : 13 : 8 : liyBenzarsazinicphenarsazinic acid was 
prepared from either form of the foregoing compound by oxidation 
with hydrogen peroxide in glacial acetic suspension, as described 
for 2 : 2'-bis(pheuarsazinic acid), the quantities being proportional. 
The product was purified through the disodium salt, which formed 
colourless soft needles, ahnost insoluble in cold or hot 20% aqueous 
sodium hydroxide and but slightly soluble in cold water. For 
analysis, the salt was washed with 90% alcohol, absolute alcohol, and 
ether and dried at 140 — ^145® (Found : Na, 9*1. CigHigO^NgA^Nag 
requires ATa, 8-9%). When first precipitated, the free acid was 
somewhat gelatinous, but it was finally obtained as a white amorphous 
powder similar in properties to the other arsinio acids described in 
this communication (Found : As, 31*8. Ci 8 Hi 404 NgAs 2 requires 
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As, 31-8%). The acid also forms crystalline calcium and barium 
salts, both insoluble in hot and in cold water, a white gelatinous 
silver salt soluble in aqueous ammonia, heavy white gelatinous lead 
and mercuric salts, a pale yellow gelatinous mercurous salt, and a 
brown gelatinous ferric salt. 

12 : 14(or 8 : UyDibromo-S : 7 : 12 : 14(or 5 : 13 : 8 : Uytetra- 
hydrc^enzctrsazimphenarsaziries — A hot suspension of the preceding 
compound (1-0 g.) in alcohol (20 c.c.) and hydrobromic acid (const, 
b. p. ; 16 c.c.) containing a trace of iodine was reduced in the usual 
way. The product was washed with a mixture of alcohol and 
hydrobromic acid, then with alcohol and ether, and dried at 160® 
(Found: Br, 27-95. Ci8Hi25r2Br2As2 requires Br, 28-3%). It 
crystallised in deep yellow prisms and remained unmelted at 325®. 

12 : 14(or 8 : 14)-Di-ioio-5 ; 7 : 12 : 14(or 5 : 13 : 8 : Uytetrahydro- 
benzarsazinepTienarsazine. — (a) This was prepared in a similar 
manner to’ the preceding dibromo-compound (Found : I, 38-1. 
CigHj^a^s^Sa requires I, 38*5%). It was a deep red, micro- 
crystalline powder resembling the bromo- and chloro-oompounds 
in general properties. It is somewhat interesting that when 
5:7:12; 14(or 5:13:8; 14)-ben!zarsaadnicphenarsazmic acid is boiled 
with a mixture of alcohol and concentrated hydriodio acid no 
reduction of the arsenic takes place. 

(6) 5 : 7 ; 12 ; 14(or 6 : 13 : 8 : 14)-Benz;arsazmicphenarsazinic acid 
(0*8 g.) wae boiled with acetic acid (20 c.c.) and to the hot suspension 
hypophosphorous acid (d 1-136 ; 10 c.c.) was added. No reduction 
took place. On addition of iodine (3-3 g.) in small portions to the 
bofling suspension, a vigorous reaction took place and a deep red, 
nderocrystalline powder was precipitated. This substance was 
formed as soon as the first trace of iodine was added and no signs 
of the preliminaiy formation of a cacodyl compound were observed. 
When aU the iodine had been added, the liquid was treated with a 
further 30 c.c. of acetic acid, cooled, and filtered. The product, 
washed with acetic acid, alcohol, and ether and dried at 140®, 
appeared to be identibal with that obtained as described under (a) 
(Found : I, 38*0%.). 

On wanning the above dichloro-compound with dilute ammonia 
on the water-bath for an hour, the colour changed from yellow to 
greyish-white. The product was readily soluble in hot or cold 
»-propyl and benzyl alcohols and also in hot glacial acetic acid, 
thr® bdhaving exactly like 10 : lO'-oxy-S : lO-dihydrophenarsazane 
(Burton and Gibson, J., 1926, 462). 

The condensation of p-phenyleaediaimine with O-bromojfcenyl- 
arsinie acid, canied out as described for m-phenylenediamine, gave 
a much discoloured product which it was foimd impossible to purify. 

4d 
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7 : 14(or 13 : UyDicJiloro-5 : 12 : 7 : 14(or 6 : 8 : 13 ; U)4eira- 
hydrobmmrsazimphmarsazine (X or XI) was prepared by boiling 
^/'^^^diphenyl-p-pbenylenediamine (m. p. 145°; 16*6 g. ; 1 moJ.), 
arsexiious chloride (24*1 g. ; 2*2 mols.), and o-dichlorobenzene 
(90 c.c.) for 5 hours under reflux. The product (yield, 49%) was 
worked up as in similar condensations, being finally washed with 
benzene and dried at 130° (Found : Cl, 14*9. C18H12N2CI2AS2 
requires Cl, 14*9%). It was unmelted at 320°. When it was 
oxidised to the arsinic acid (see below), and this reduced in the 
manner described for similar substances, the chloro-compound was 
reobtained in orange-red, doubly refracting, prismatic needles 
(Found : Cl, 14*6%), 

5 ; 12 : 7 : 14(or 6 : 8 : 13 : 14)-Benzar8azinicphe7iarsazinic Acid , — 
The oxidation of the preceding compound (12*2 g.) with hydrogen 
peroxide (20 vol. ; 20 c.c.) in acetic acid (122 c.c.) suspension was 
carried out as described for 2 : 2'-bis(phenarsazinic acid), but the 
reaction took a somewhat longer time. Water (244 c.c.) was added 
and, after cooling, the crude acid was filtered off and purified through 
the disodium salt. On addition of 20% sodium hydroxide solution 
to the hot discoloured solution of the disodium salt, the latter was 
precipitated in large flat plates. This particular disodium salt 
appeared to crystallise the most easily of all the disodium salts in 
this series. The salt was purified by dissolving it in warm water, 
adding 33% sodium hydroxide solution, and allowing the salt to 
crystallise slowly ; it was then obtained in colourless flat plates and 
needle-shaped crystals. The salt can also be crystallised from 
aqueous acetone. For analysis, it was washed with 90% alcohol 
and absolute alcohol and dried at 140° (Found : Na, 8*8. 
OigHiaO^NgAsgNag requires Na, 8*9%). 

6:12 :1 : 14{or 6 : 8 : 13 : l4)-Benzar8azinkpJismTsazmic acid was 
precipitated by the addition of hydrochloric acid to a warm aqueous 
solution of the preceding sodium salt. It was recrystallised with 
difficulty from dilute acetic acid and obtained in colourless rhomb- 
shaped plates, which did not melt at 320° although slight darkening 
took place somewhat above 290° (Found : As, 31*6. C18H14O4N2AS2 
requires As, 31*8%), It was sparingly soluble in hot glacial acetic 
acid and insoluble in water. Although the acid was slightly soluble 
in a mixture of alcohol and hydrochloric acid, the hydrochloride 
was not isolated. The salts resemble those of the isomeric acid 
except that the calcium salt appears to be slightly soluble in water, 

7 : 14(or 13 : 14)-jDi6ro«M}-6 : 12 : 7 : 14(or 5 : 8 : 13 : 14)-«e«ra- 
hydri^zcMraazinephemrsazinc^ preceding acid (0-75 g.), sus- 
pended in a hot mixture of alcohol (18 c.c.) and hydrobroznic acid 
(38% ; 15 c.c.) containing a trace of iodine, was reduced as described 
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for the chloro-compound. The product formed deep red, doubly 
refractmg, prismatic needles resembling those of the chloro-compound. 
It was unmelted at 320° and insoluble in all the usual solvents 
(Found : Br, 27*9. 0i8Hi2N2Br2As2 requires Br, 28*3%). 

The di-iodo compound was prepared in an analogous manner or 
by the hypophosphorous acid reduction method but could not be 
purified. 

We wish to thank Mr. C. M. Roberts, Assistant in the Chemistry 
Department, for valuable help in some of the preparative work 
connected with this investigation. 

Gity’s Hospital Mbdical School, 

{XJNivEBsrPY OP London), S.E. 1. [deceived, June 6th, 1928.] 

GCLXXXVIII. — By-products of the Gattermann Alde- 
hyde Reaction. 

By FBAm Bell and Thomas Ahdeeson Henry. 

The Gattermann synthesis of _p-hydroxybenzaldehydes, depending 
on the primaay production of an aldimine by the action of hydro- 
cyanic acid on a phenol, has been the subject of a considerable 
number of modifications, mainly designed to avoid the use of 
anhydrous hydrocyanic acid. That due to Adams and Mont- 
gomery (J. Amer. Gftm. Soc., 1923, 45, 2373 ; 1924, 46, 1518} has 
been used in these laboratories (Henry and Sharp, J,, 1926, 2432), 
and the present paper gives an account of certain by-products isolated 
during the preparation of p-hydroxybenzaldehydes by this method. 

Thymol is stated to give a quantitative yield of the corresponding 
j)-aldehyde (I), but a trace of the o-aldehyde (II) is invariably 
formed, together with a small amount of dithymylacetonitrile (III). 



Carvacrol gives analogous products. Kobek {Ber,, 1883, 16, 2104) 
isolated a small amount of carvacroldialdehyde (IV) when preparing 

OHCPr/J OHCPr^ / Pr^ 

(IV.) OH<f^CHO - - 1 (V.) 

/2 

cacTacrQlaldeb.jde by the Eeimer-Tiemaim process, and the 
formation of this dialdehyde in the Gattermann reaction is notr 
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shown by the isolation of its condensation product (V) ■with carvacroi. 
In some experiments with thymol, isopropylbenzene and m-cresol- 
aldehyde (VI) (o-or^olaldehyde in the case of carvacroi) were 
isolated, the amounts of these compounds being greatest when the 
yield of aldehyde was least. This result was traced to the fact that 
under the conditions of aldehyde formation it is possible to convert 
thymol almost completely into w-cresol and isopropylbenzene 


Me Me OH 



when no hydrocyanic acid is present, thus providing a further 
example of the reversibility of the iViedel'-Crafts synthesis (compare 
Jacobsen, Ber,, 1885, 18, 339). The possibility of utilising this 
reaction to introduce the isopropyl group into compounds dissolved 
in non-reaotive solvents, e.^., ether, xylene, or p-C 3 miene, still awaits 
examination. A recent paper (Berry and Eeid, J. Amer, Chem. 
Soc.f 1927, 49, 3142) describes the transfer of an isopropyl group 
from diifiopropylbenzene into naphthalene. 

The conditions of the formation of substituted acetonitriles, such 
as dithymylacetonitrile (III), have been examined. It is well 
known that aromatic aldehydes show very varying behaviour on 
treatment with potassium cyanide in aqueouB-alcoholio solution. 
One group, which includes benzaldehyde, p-chlorobenzaldehyde 
(Hantzsch and Glover, Ber., 1907, 40, 1619), and o-methoxybenz- 
rfdehyde (Irvine, J., 1901, 79, 670), readily yields the corresponding 
benzoins, whereas o- and p-hydroxybenzaldehydes und^go r^mi' 
fioation, and in stQl other c^es, e.g., o-nitrobenzaldehyde (Ekecrantz 
and AHqvist,jBer.,1908,41,878; 1910,43,2606), a variety of products 
other than the benzoin is obtained. There is little doubt of the 
correctness of Lapworth’s theory of the benzoin change (J., 1903, 83, 
996 ; compare Greene and Robinson, J., 1922, 121, 2182), according 
to which the aldehyde, R*C!HO, firs^t adds on hydrogen cyanide, then 
combines with a further molecule of aldehyde, and finally eliminates 
hydrogen cyanide as in (A), It seemed possible that the cyano- 
hydrin phase in the condensation might be detected in the case of 

R-CHO {A) 

X3N (3N '^OH OH 

even the hydroxybenzald^ydes, if some substance were present 
in the sfdution with tvhich the cyanohydrin might react to form a 
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stable product. Accordingly mixtures of hydroxybenzaldehydes 
with the corresponding phenols were warmed with potassium 
cyanide. In one case only was crystalline material isolated, thymol- 
aldehyde and thymol giving a 12% yield of dithymylacetonitrile. 


■DT.fi T>f»fi ■Pl.B 



It mi^t be anticipated that the yield of the nitrile would be con- 
siderably increased if the potassium cyanide were replaced by 
hydrogen cyanide. With this end in view hydrogen chloride was 
passed into a dry benzene solution of, e.g., thymolaldehyde and 
thymol containing zinc cyanide in suspension. Only derivatives 
of triphenylmethane were obtained, and this result is interpreted as 
indicating that cyanohydrins are not formed under these experi- 
mental conditions. The readiness of condensation suggests that 
the hydrogen chloride forms an intermediate addition product 
with the aldehyde as shown in (jB). If, however, an alcoholic 


R-CHO 



/OH 

R-OH< — ^R-CH< +B..0 (B) 

\R' \R' 


solution of equimolecular quantities of the aldehyde and phenol is 
treated with hydrogen cyanide and the mixture is heated to the 
boiling point after the addition of zinc chloride, three types of 
behaviour are shown. 


Table I, 


(Behaviour of substituted benzaldehydes ; CHO in position I.) 


A 

B 

C 

(produce mtiiles). 

(produce triphenyl- 
methane derivatives). 

(tmreaetive). 

Me : PiJS : OH =* 2 : 6 : 4 

Benz^dehyde. 


Me:Pi^;OH = 5:2:4 

Ca = 2 or 4 


Me : OH = 3:4 

NOg = 3 or 4 


OH = 2 or 4 

HO 


OH:OH«=3:4 



OMe = 4 




(1) The aldehydes in column A (Table I) give the corresponding 
diarylaoetonitriles, in some cases in quantitative yields* That it 
is the nuclear hydrogen atom para to the hydroxyl group in the 
phenol, which is involved in this condensation is clear from the 
fact that o-cresoIaldAyde and thymol give the same product (VII) 
as thymolaldehyde and o-oresol. Even when the o- and p-positions 
are both equally accessible, as in phenol, condensation takes plaee 
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almost exclusively in the ;p-position, the product then formed being 
(VllI), and the isomeride (IX) could not be detected. 



(2) On the other hand, benzaldehyde itself and its derivatives 
shown in column B (Table I) give triphenylmethane derivatives, 
and since the 3 deld of these substances greatly exceeds that obtained 
when hydrogen cyanide is absent, it seems likely that reaction (11) 
is in operation in place of, or in addition to, reaction (I) : — 

T3nD/*r\Tr 

(I) R-CHO + HR'-OH — > R-Cfla;(OH)-R'*OH 

A E-0H(R'-0H)2 + HgO. 
(H) R-CH{OH)-CN + HR'-OH — -J 


o-ITitrobenzaldehyde is unique in so far as it is isolated from the 
reaction mixture in the form of its cyanohydrin, which is apparently 
very unreactive. 

This variety of results is all the more remarkable since mandelic 
acid and mandelonitrile condense normally with a whole series of 
phenols (Bistrzycki and Matau, Ber., 1895, 28, 989; 1897, 30, 
124; Bistrzycki and Simonis, Ber., 1898, 31, 2812; Cramer, ibid., 
p. 2813; Simonis, ibid., p. 2821). Considerable further investig- 
ation is required to determine the influence of (a) substituents and (6) 
physical conditions, e.g., acidity of the solution, on the relative 
reactivity of the hydroxyl and cyano-groups of cyanohydrins. We 
have little doubt that the triphenylmethane formation indicates 
cyano-groupreactivily, the intermediate diphenyhnethanedeiivative 
imdergoing further condensation under the experimental conditions, 
whereas nitrile formation indicates hydroxyl group reactivity (C). 



The fact that the substituted nitriles do not undergo further con- 
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denaation to triphenylmethane derivatives is only in line with the 
diminished reactivity of the cyano-group which is shown by its 
resistance to hydrolytic agents. It appears that the hydroxyl 
group by virtue of its lone pairs of electrons is a more ready electron 
source than the cyano-group and that when the nucleus of a cyano- 
hydrin has a positive character the hydroxyl group will tend to 
become, relative to the cyano-group, less negative, and at the same 
time less reactive, 

Expbeimehtal. 

Thymolaldehydes md By-products , — ^Into an ice-cold, well-stirred 
mixture of thymol (50 g.), zinc cyanide (100 g.), and benzene (200 
c.c. ; distilled from phosphoric oxide), was passed a rapid stream of 
dry hydrogen chloride until it ceased to be absorbed. Aluminium 
chloride (75 g.) was then added and the stirring continued for 4 
hours in a slow current of hydrogen chloride. Towards the end, 
the reaction bottle was kept immersed in water at about 50°. The 
semi-solid product was transferred into 10% hydrochloric acid and 
distilled in steam until thymolaldehyde appeared in the condenser. 
The residue left on the removal of the solvent from the benzene 
layer of the steam distillate was distilled in three fractions; the 
residue in the flask then set solid and proved to be p-thymolaldehyde 
(I). The first fraction, b. p. 60 — 80°/16 mm., consists mainly of 
taopropylbenzene and is occasionally negligible in amount (see 
below). The second (b. p. 100 — 110°/16 mm.) and third (b. p. 
110 — 120°/15 mm.) fractions were dissolved in alcohol and treated 
with aqueous-alcoholic semicarbazide solution. The precipitate 
immediately given with fraction 2, after repeated extraction with 
boiling alcohol, formed a white powder, m. p. 262° (decomp.), 
which was identified as m-cresolaldehyde semicarbazone (Found : 
0,56*1; H, 5*6; N, 21*3. Calc.: 0,56*0; H, 5*7; N, 21*8%) by 
hydrolysis in the following manner : A mixture of the substance 
(3 g.), sulphuric acid (10 c.c.), and water (60 c.c.) was heated to 
boiling and the resultant m-cresolaldehyde (VI) removed m a current 
of steam. It crystallised from petroleum in long needles, m. p. 63° 
(Found: 0,704,70*3; H, 5*8, 6*0. Calc.: 0, 70*6; H, 6*9%). 

In the case of fraction 3 acicular crystals gradually separated and 
after repeated crystallisation from alcohol had m. p. 198° (Found : 
0, 61*5 ; H, 7*2 ; Sem., 31*4%). The semicarbazide group (Sem. = 
N-NH-CO'NHg) was estimated by the method of Veibel (BuU, Soc^ 
cMm,, 1927, 41, 1410). This compound can only be the semi- 
carbazone of 2-aldehydo-3-methyl-6-i5opropylphenol (o-thymol- 
aldehyde) (II) (C^gHiyO^Ns^requires 0, 61-3; H, 7*2; Sem., 31*1%). 

The residue left after steam distillation was extracted with ether, 
and the extract evaporated. Two methods of purifying the crude 
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^-aldehyde (about 50 g. ; identical -with the 3 deld obtained by 
Gattermann^s original method, JSef., 1898, 31, 1765) were adopted ; 
( 1 ) extraction ^th 25% alcohol, a small crystalline residue, m. p. 
205®, being finally obtained ; ( 2 ) crystallisation from, alcohol, the 
final low-melting crops being dissolved in chloroform and filtered 
from a small amount of the same substance, m. p. 205®, subse- 
quently shown to be dithymylacetonitrile (see p. 2224). 4-AIdehydo- 
3 -methyl- 6 - 2 ' 5 opropylphenol (I) forms colourless needles, m. p. 135®; 
when aqueous-alcoholic semicarbazide solution is added to its 
alcoholic solution the slightly impure semicarbazom separates in 
deep yellow needles, m. p. 222 ® (Found : C, 60*6, 60*7 ; H, 7*3, 
7 * 3 %), which rapidly become colourless on recrystallisation from 
acetic acid or alcohol and melt at 226® (Found : C, 61*2 ; H, 7*3 ; 
Sem., 30*5. C 12 H 17 O 2 N 3 requires 0, 61*3; H, 7*2; Sem,, 31*1%). 

Attempts to convert ^-thymolaldehyde into the corresponding 
dialdehyde by (a) the Adams and Montgomery method, ( 6 ) the 
Gattermann method were unsuccessful. This failure is not ‘sur- 
prising in view of the highly substituted character of the ring, and 
also of the disinclination of hydrogen cyanide to attack the position 
ortho to a hydroxyl group. It may be mentioned that even p-cresol 
gives a very small yield of the aldehyde when submitted to the same 
treatment as produces a satisfactory jdeld from o-cresol (see below). 

Action of Aluminium Chloride on Thymol,— A b it was surmised 
that the formation of isopropylbenzene in the reaction just described 
was due to interaction of thymol and benzene in presence of 
aluminium chloride, a well-stur^ mixture of thymol (26 g.), dry 
benzene (200 c.c.), and aluminium chloride (35 g.) was warmed at 
about 60® for 4 hours while a current of dry hydrogen chloride was 
passed in. The clear solution was poured into 10% hydrochlotric 
acid and distilled in steam. The benzene layer of the steam 
tillate was separated and evapmrated and the residue obtained was 
distilled in a vacuum, giving fractions b. p. 60®, 95 — 100®, 100 — 118®, 
and ca, 170® /16 mm. The low-boilmg fraction (about 10 g.) was 
redistilled under ordinary pressure, and the fraction, b. p. 160 — 165°, 
redistilled from sodium. It then boiled constantly at 153® and 
agreed in properties with isopropylbenzene (Found: C, 90-3; 
H, 9-9. Calc. : 0 , 90-0 ; H, 10 - 0 %). The fraction, b. p. 96 — 100®/ 
16 mm., gave pure t»-cresol, b. p. 200 — 202 ° (6 g.), which was 
identified as its p-nitrobenzoyl derivative. The higher-boiling 
fraction consisted^ of neutral substances, being apparently a mixture 
of w-tolyl ether and thymyl ether. When the above reaction was 
carried out in the presence of toluene a fraction, b. p. 66 — ^76®/15 
mm,, was obtained which bn fedistiUation had h. p. 175 — 180®, 
being slightly impure p-cymene. 
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Garmcrokbldehydes and By-products. — ^The preparation was effected 
as described for thymolaldehyde (see aboTe). The steam distillate 
gave fractions, b. p. 60°, 100—110°, 110—120°, and 120— 130°/15 
mm., and a residue of the jp-aldehyde, which could be sublimed at 
150°/1 mm. The first fraction consisted of isopropylbenzene (see 
below). The remaining fractions were dissolved separately in 
alcohol and treated with aqueous-alcoholic semicarbazide solution. 
The fraction, b. p. 100 — 110°/15 mm., gave crude o-oresolaldehyde 
semicarbazone (compare thymol above), and from the fraction, 
b. p. 110 — 120°/15 mm., was isolated a trace of material which 
crystallised from pyridine or acetic acid in thick, pale yellow prisms, 
m. p. 275° (Found : 0, 73-2 ; H, 7*9 ; N, 7*8%). It is suggested 
that this compound is the semicarbazone of 4-hydroxy-3-aldehydo- 
5 -methyl- 2 -i 5 oi)ropylphenyldicarvacrylmethane (V) ( 03310 ^ 041^3 

requires 0, 72*7 ; H, 7*9; N, 7*7%) formed by the interaction of 
carvacrol and carvacroldialdehyde during the distillation. The 
fourth fraction, b. p. 120 — 130°/15 mm., gave more soluble material, 
which crystallised from aqueous alcohol in long glistening needles, 
m. p. 180° (Found : C, 61*3; H, 7*3; Sem., 31*5%), and must be 
the semicarbazone of 2 -aldehydo- 6 -methyl- 3 -i 5 opropylphenol (o-oar- 
vacrolaldehyde semicarbazone) (CiaHiyOgNs requires C, 61*3; 
H,7*2; Sem., 3M%). 

The ether-soluble portion of the residue left after steam distillation 
was repeatedly extracted by decantation with petroleum (b. p. 
90 — 120°), which slowly removed the p-carvacrolaldehyde (30 — 
40 g.) as colourless plates, m* p. 102°. With aqueous-alcoholic 
semicarbazide solution this yielded a slightly impure, deep yellow 
semimfbazorie^ m. p. 222° (Found: 0, 60*8; H, 7*3%), which <m 
crystallisation from acetic acid gave colourless needles, m. p. 224° 
(Found : Sem., 31-1. requires C, 61-3 ; H, 7*2 ; Sem., 

31-1%). The tar which remained after the complete removal of 
this aldehyde was moistened with alcohol and kept for several 
weeks. Crystals slowly formed, which after recrystallisation from 
aqueous alcohol had m. p. 240° and were subsequently shown to 
consist of dicarvacrylacetonitrile (see p..2223). 

Action of Aluminium Chloride an Carvacrol (compare corresponding 
experiment with thymol, p. 2220). — ^Fractions, b.p. 60° (11 g.), 100" 
(11 g.), and 102 — 116°/16 mm. (6 g.) were obtained. The residue, 
after being heated to 150°/1 mm., crystallised from petroleum in 
long thick needles, m. p. 148 — 160° (0-3 g.) (Found : 0, 83-3, 83-7 ; 
B, , 8 - 6 , 8 - 8 %). This substance was not obtained in sufBLcient 
quanti^ for identification. The low-boiling fraction was almost 
pure isopropylbenzene, and the intermediate fraction gave o-cresol, 
b. p. 188 — 190° (7 g,), identified as the p-nitrobenzoate. 

4d2 
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Reimer—Tiemann BeMiorb with Carvacroh — Carvacrol (20 g.), 
sodium hydroxide (40 g.), water (300 o.c.}, and chloroform (25 g.) 
were used. The reaction mixture was acidified and distilled in 
steam. The distillate consisted of unchanged carvacrol and the 
o-aldehyde, isolated only as its semicarbazone (see above). The 
residue was purified as described above and gave a very small 
yield of the p-aldehyde, identical with that described above. 

o-Gresolaldehydes. — ^Preparation as above, o-cresol (50 g.) being 
used in place of thymol. The steam distillate, freed from solvent, 
boiled at 86 — ^90°/15 mm. (16 g.), leaving only a small residue of the 
j 9 -aldehyde. To a solution of the fraction, b. p. 85 — 90°/16 mm., in 
alcohol (16 C.C.) was added aqueous-alcoholic semicarbazide solution. 
The resultant precipitate (3 g.) was repeatedly extracted with 
boiling alcohol; the residue then remained imchanged in m. p. 
(248®, decomp.) by crystallisation from pyridine, from which it 
separated in glistening needles. It was identified as the semi- 
carbazone of 6-aldehydo-2-methylphenol (X) (Found : C, 55‘6 ; 

CfHO 

(X.) CMO<f~^OH (XI.) 

H, 5-8; N, 21-6; Sem., 38-6. requires 0, 56-0; H, 6-7 ; 

N, 21-8 ; Sem., 37-8%), by hydrolysis to the corresponding aldehyde, 
which was then converted into the known phenylhydrazone. 

The ether-soluble portion of the residue left after steain distil- 
lation was extracted with boiling water until all the p-aldehyde (XI) 
(about 20 g.) had been removed, leaving an unciystallisable tar. 
19ie jj-aldehyde gave a semicarbaaone cryst allising from acetic acid 
in needles, m. p. 216° (Found : N, 21-8; Sem., 37-2. O^nOgNa 
requires N, 21-8; Sem., 37-8%). 

Action of Potassium Cyanide on Hydroxybenzaldehydes. — (1) No 
crystalline material could be isolated from the gums obtained by 
the action of potassium cyanide on alcoholic solutions of salicyl- 
aldehyde, j9-hydroxybenzaldehyde, or carvacrolaldehyde, either 
alone or when mixed with phenol or carvacro! respectively. 

(2) Nine mixtures of thymolaldehyde, alone and with thymol, 
potassium cyanide and aqueous alcohol were heated under reflux 
for varying periods. In only one experiment {a) in which thymol 
was omitted was any yield of substance, m. p. 205°, obtained, and 
experiment (6) furnished the highest yield of the series. 

(a) Thymolkldebyde (3-6 g.), alcohol (6 c.c.), potassium cyanide 
(1 g.), and water (2 o-c.) were mixed and heated at 100° for 1 hour. 
After 2 da 3 ^ the mixture was made acid and left for 10 days. The 
resultant tar was filtered off, and the residual solid crystallised from 
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alcohol. Yield, 0-25 g. ; m. p. 205°. As this experiment could not 
be repeated, it is assumed that the thymolaldehyde used in the first 
instance must have contained thymol. 

( 6 ) Thymolaldehyde (18 g.), alcohol (60 c.c.), thymol (12 g.), 
potassium cyanide (6 g.), and water (12 c.c.) were mixed and heated 
at 100° for 20 hours. After 2 days concentrated hydrochloric acid 
(10 c.c.) was added, and after 2 days more the mixture was poured 
into water and extracted with e^er. The ethereal extract was 
evaporated, and the dried residue extracted with hot chloroform. 
The insoluble matter (4*0 g.) had m. p. 205° (see below). 

Thymolaldehyde and benzonitrile underwent no interaction when 
a concentrated alcoholic solution was boiled under reflux or allowed 
to stand for some days. In the hope of obtaining the compounds 
in better yields, the following experiments were tried. (1) Thymol- 
aldehyde (10 g.), thymol (20 g.), zinc cyanide (20 g.), and dry 
benzene (200 c.c.) were well stirred while a slow stream of dry 
hydrogen chloride was passed in. The mixture was maintained at 
40 — 60° for the last 2 hours. The highly coloured, viscous mass 
was transferred into 10 % hydrochloric acid by the aid of a small bulk 
of boiling alcohol, and then distilled in steam. The tarry residue 
was extracted with ether, the extract evaporated, and the dried mass 
boiled with chloroform. The colourless residue (15 g., m. p, 276°) 
after crystalljsation from aqueous alcohol formed prisms, m. p. 280° 
(Found : C, 80-2 ; H, 8 - 6 %). This substance must be trithymyh 
meilume (G 31 H 40 O 3 requires 0, 80-8; H, 8*7%), a conclusion which 
was confirmed by the preparation of the acetyl derivative. The 
compound (2-5 g.) and acetic anhydride (15 c.c.) were heated under 
reflux for 2 hours. On cooling, the liquid filled with crystals of 
irimetylthymylmeth<ane^ which after recrystallisation from benzene- 
petroleum formed glistening leaflets, m. p. 186° (Found : Ac, 22-0. 
G 37 H 46 O 6 requires Ac, 22-0%). 

(2) Carvacrolaldehyde (10 g.) and carvacrol (25 c.c.), treated as in 
( 1 ), gave tricarvcxrylmetMm, m, p. 275° (Found : 0, 80-8 ; H, 8 * 8 %). 
The compound was acetylated as described above and yielded 
trmc^tylcarva^^rylinethane) which after crystallisation from petroleum 
formed leaflets, m. p. 185° (Found : 0, 76-1 ; H, 8 * 1 . 037 H 4 e 03 
requires C, 75*8; H, 7*9%). Both compounds gave the customary 
large depression in melting point when mixed with the corresponding 
derivatives of thymol. 

Little condensation occurs if the zinc cyanide is omitted in these 
experiments. Moreov^ the yield dE triphenylmethane derivatives 
is considerably greater than when the experiment is conducted in 
alcoholic solution with hydrogen chloride or zinc chloride as con- 
densing agent. 
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Action of Hydrogen Cyanide on SvhstUvied Benzaldehydes . — 
General method, 3>ry hydrogen cyanide from potassinm f eirocyanide 
(70 g. ; method of Johnson and Lane, J, Amer. Chem, 8oc,, 1921, 43, 
367) was passed into a solution of equimolecular proportions of the 
aldehyde (10 g.) and the phenol in absolute alcohol (60 — 100 c.c.). 
Zinc chloride (20 — ^25 g.) was then added, the mixture boiled for 2 
hours, and the solution poured into 10 % hydrochloric acid. Excess 
of the reagents was removed in a current of steam, and the residual 
solid or plastic mass filtered off. 

(1) Thymolaldehyde and thymol combined to give a quantitative 
yield of difhymylacetonitrile, which after recrystallisation from 
alcohol formed prismatic needles, m. p. 205® (Found : 0, 78-4 ; 
78-6 ; H, 8 - 2 , 8-1 ; U, 4-3, 4-2. O 22 H 27 O 2 N requires C, 78-3 ; H, 8 - 0 ; 

N, 4-1%). No combination occurred when the zinc chloride was 
omitted. 

Dithymylacetonitrile was not attacked by boiling hydrochloric 
acid or by sulphuric acid (60 — 66%), and higher concentrations 
produced resinous masses (compare Michael and Jeanprtee, JSer., 
1892, 25 , 1615). Hydrolytic experiments with 3% hydrogen 
peroxide (Radziszewski, Ber., 1886, 18 , 355) or 100% phosphoric 
acid (Berger and Olivier, Bee, irav, chim,^ 1927, 46, ^0) were also 
unsuccessful. The substance (5 g.) was heated at 100® with potass- 
ium hydroxide (20 g.) in 90% alcohol (100 o.c.) for 10 hours. After 
standing 2 days, the solution was poured into 10 % hydrochloric acid 
and the precipitated dithymylouxtamide crystallised from alcohol. 
It formed a colourless, heavy crystalline powder, in. p. 243° (decomp.) 
(Found : 0, 73-8; H, 8-2. O 22 H 29 O 3 N requires C, 74-4; H, 8-2yo)- 
Diacetylthymylacetonitrile, formed by heating dithymylacetonitrile 
(3 g.) with acetic anhydride (15 c.c.) and recrystallising the product 
from chloroform-petroleum, formed needles, m. p. 174® (Found : 

O, 74-3, 74-1 ; H, 7-5, 7-5 ; Ac, 20-4. requires 0, 74-1 ; 

H, 7*4 ; Ac, 204%). On hydrolysis with dilute alcoholic potassium 
hydroxide it regenerated dithymylacetonitrile, m. p. 205®. 

( 2 ) Carvacrolaldehyde and carvaorol, treated in like manner, 
gave a quantitative yield of dicarmcrylMelmAlriU, which crystallised 
from aqueous alcohol in prisms, m* p. 240® (Found : C, 78-3 ; H, 8 - 2 ; 
N, 3-7. O 22 H 27 O 2 N requires C, 78*3; H, 8-0; N, 4-1%). Dt- 
acelykarmerylaceionU^ crystallised from alcohol in colourless 
needles, m. p, 196® (Found : C, 74-0; H, 7-6; N, 3-5. CggHgiO^N 
requires 0,744; H,74; N,3-3%). 

(3) Thymoialdeh;^e and carvaorol, or carvacrolaldehyde and 
thymol, gave thymykatvacr^kteek^ which formed prisms, 
m. p. 227®, from alcohol (found : C, 78-1 ; H, 8-3. C 22 H 27 O 8 N 
requires C, 78-3 ; H, 8 * 0 %). It yielded a diaceiyl derivative, m. p. 
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145® (Pound; C, 73-7; H, 7-4. C 2 JH 31 O 4 N requires C, 74-1; 
H, 74%). 

(4) o-Cresolaldehyde and thymol, or th 3 nnolaldehyde and o-oresol, 
gave tdyWiymylacelonitrUe (VII), the first pair giving a quantitative 
and the second a 70% yield. It crystallised from aqueous alcohol 
in prisms, m. p. 163® (loss in vreight on drying at 100® = 104%) 
(Found for dry substance : C, 774 ; H, 7-3. OisHaO^N requires 
C, 77-3, H, 7-l%). The substance (5 g.)'was warmed with potassium 
hydroxide (20 g.) in 90% alcohol (100 o.c.) at 100® for 24 hours. 
The solution was poured into 10% hydrochloric acid and extracted 
with ether. The ethereal extract was shahen with dilute sodium 
carbonate solution, and the aqueous and ethereal layers were 
separated and well washed with ether and water respectively. The 
ethereal layer was evaporated, and the dried residue extracted with 
hot benzene. The residual tdyltJiymyhcetamide crystallised from 
alcohol in prisms, m. p. 211® (Found: C, 72-6; H, 74 ; N, 4 - 7 . 
CijHjaOsN requires 0, 72-9; H, 7-3; N, 4*6%). TThe aqueous 
layer was poured into 10 % hydrochloric acid, and the resulting gum 
dried in a vacuous desiccator. After boiling with benzene, it 
formed a pale brown powder, m, p. 188®. It was free from nitrogen 
and must be crude tolylthymylacetic acid. (Found : C, 71*2, 71 -6, 
71'2; H, 74, 7*2, 6-9. CjgHaaOi requires C, 72-6; H, 7-0%). 

forms prisms, m. p. 131® (Found': 
Ac, 23’3. requires Ac, 22-7%).- 

(5) jp-Hydroxybenzaldehyde and thymol gave a brown resinous 

mass, which crystallised from ehlOToform in needles, m. p. 142°. 
Eecrystahisedfrom benzene, ( VTTT ) 

formed large prisms, which on drying at 110° lost 12-6% by wei^t 
and left a residue, m. p. 144° (Found : 0, 76-3 ; H, 6 ' 8 . CigHjsOgN 
requires C, 76'8 ; H, 6 - 8 %). Phenol and thymolaldehyde gave an 
80% yield of the same subrtance. 

( 6 ) Anisaldehyde (p-methoxybenzaldehyde) and thymol gave a 
thick oil, which was extracted with ethOT. The gum remaining after 
evaporation of the ether was dissolved in chloroform. After some 
days crystals separated, which were well washed with petroleum and 
repeatedly reorystaUised from benzene, pure anisyUhyTii^lacetomtrUe 
being obtained in 10% yield. It formed large prisms, m. p. 106® 
(Found : C, 77-6; H, 7-2, OijHaiOaN requires C, 77-3; H, 74%). 

(7) SalieyMdehyde and thymol gave , a resin, which oiystallised 
from chloroform in prisms, m. p, 142®, and when dried at 110° lost 
18-0% by weight (hbund, for dry substance : C, 78>6 ; H, 6 - 9 . 

tequirea 0, 76*8; H, 6 * 8 ^(,), The yield of purifted,. 
o-hydroxyplmiylihym^euitfymUrik (IX) was less than 50%. 


theoretical. 
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( 8 ) Protocatechualdehyde and thymol gave a gummy mass, 

whioh was extaraoted with benzene, and the product repeatedly 
crystallised from chloroform. formed 

prisms, m. p. 147 — 149° (Found: KT, 4-7. OigHi^O^ requires 

N, 4-7%). 

( 9 ) ^nzaldehyde and thymol gave a quantitative yield of 
phenyldithymylmethane, which crystallised in prisms, m. p. 167 — 
168°, cmxtainiog one molecule of alcohol (loss in weight at 110 ° = 
10-6% ; calc., 11%). This description agrees with that of Russanow 
(Ber., 1889, 22, 1947). 

( 10 ) «i-Hydroxybenzaldehyde and thymol gave a poor yield of 

which crystallised from chloroform 
in prisms, m. p. 166° (Found : C, 80-6; H, 8 * 1 . 027 H 3 a 03 requires 

O, 80-2, H, 7-9%). 

( 11 ) o-Nitrobenzaldehyde and thymol gave a product, which 
crystallised from chloroform in needles, m. p. 95 — ^97°, and proved to 
be o-nitrobenzaldehydecyanohydrin (Found: C, 64*1; H, 3-6. 
Calc.: C, 53*9%; H, 34%). The fact that this cyanohydrin 
survives ihe general method of treatment (see above) is remarkable. 
No different result was obtained when phenol was used in place of 
thymol. 

(12) w-Nitrobenzaldehyde and thymol gave an almost quantitative 

yield of which crystallised readily 

from aqueous alcohol in prisms, m. p. 171° (Found : C, 74*7 ; H, 7 - 2 . 
C 27 H 31 O 4 N requires 0, 74*8; H, 7*2%). 

(13) p-Nitrobenzaldehyde and thymol gave a tarry mass; this 

after several reorystaUisations from benzene formed colourless 
needles, which became pale yellow on drying and then melted at 
145° (loss in weight on drying, 20-9. 027H3iO4N,l^eHe requires 
loss, 21-2%). (Found for the residual : 

C, 76-0; H, 7-2. C 27 H 31 O 4 N requires 0, 74-8; H, 7 - 2 %). The 
mother-liquor contain^ p-nitrobenzaldehydecyanohydrin. 

(14) p-Cblorobenzaldehyde and thymol gave a quantitative yield 
of p-cM?rc!pAewjZ(i*A^ 3 (Z?» 0 fia 7 ie, which crystallised from alcohol in 
prisms ; these, dried at 110°, lost 15*0% by weight, and the residue 
melted at 156° (Found: 0, 764; H, 7*3. 027H3i02Ci requires 
0,76-7; H,7-3%). 

(16) o-Cblorobenzaldehyde and thymol gave a viscid mass, which, 
however, readfly crystallised from aqueous alcohol to give an almost 
theoretical yield of o-d^opJimyUUhy^^ Dried at 110 °, 

this lost 16-6% by w^ht, and the residue melted at 138° (Found : 
0,764; H,7*2. CgjHgiOgCa require 0, 76-7 ; H, 7-3%). 

Since it might be sn^ested that when triphenylmethane formation 
occurs,' combination takes place between the aldehyde and the 



POLYIODIDE EQTnXIBEITJM IN AQDEOUS AND SALT SOLUTIONS. 2227 


phenol before the hydrogen cyanide is introduced, the experiments 
with w-nitro- and o- and ^-chloro-benzaldehydes were repeated, the 
thymol not being added until after the passage of the hydrogen 
cyanide. The experimental results were unaltered, and this is not 
surprising in face of the results of the following experiments. 

(а) The experiment with ^>-ohlorobenzaldehyde (14 above) was 
repeated, this time without the addition of zinc chloride. No 
combination occurred. 

( б ) ^-Chlorobenzaldehyde (6 g.), thymol (10*7 g.), and zinc 
chloride (20 g.) in absolute alcohol (40 c.c.) were heated under 
reflux for 4 hours and then poured into 10% hydrochloric acid and 
the excess of the reagents was removed in steam. The residual 
crude p-chlorophenyldithymylmethane weighed 4 g. (25% yield). 

(c) m-Nitrobenzaldehyde and thymol treated as in (5) gave crude 
w-nitrodithymylmethane in only 20 % yield. 

The authors desire to express their thanks for assistance in the 
experimental work to the late Mr. S. E. Pusey and to Mr. H. C. 
Clarke. 

Wellcome Chemical Eeseabch Labobatoeies, 

London, E.C. 1 . [Received, June 1th, 1928 .] 


CCLXXXIX . — Polyiodide Equilibrium in Aqueous and 
Salt Solutions. 

By John Stanley Carter. 

Thebe is abundant evidence to show that the dissolution of iodine 
in solutions of iodides involves the formation of polyiodides, and 
that in dilute solutions the whole of the combined iodine is present 
as tri-iodide. Coiiseq[uently, saturation of dilute solutions of iodides 
with iodine involves the establishment of the equilibrium T + l 2 ^ 
I 3 '. When active masses are identified with actual concentrations 
the equilibrium expression is Z = [T] X /ft']- H the solutions 
are dilute, the concentration of free iodine may be assumed to be 
constant and equal to the solubility in the pure solvent. 

The measurements now recorded have reference to the solubility 
of iodine at 25® in solutions of sodium iodide, the concentrations of 
which were varied between fairly wide limits, (a) pure water and 
( 6 ) a l*698Jtfw-sodium sulphate solution being used as solvents. 
The relevant data are in Tables I and U, all concentrations being 
expressed as mols, per 1000 g. of water, since this mode of expression 
has already been found satisfactory in correlating solubiUty measure- 
ments IQ aqueous and concentrated salt solutions (J., 1925, 127» 
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2861). The solubility data have been utilised on the assumption 
that the only pol 3 dodide present is the tri-iodide, and that the 
iodide and the tri-iodide have no influence on the solubilily of iodine 
as such. The concentration of tri-iodide is then given by the 
difference between the observed solubility s and the solubilily Sq 
in the iodide-free solvent. The concentration of uncombined iodide 
is the difference between the initial concentration of iodide c and 
that of the tri-iodide. The last column gives the values oi K. 
Iodide and polyiodide are assumed to be completely ionised in 
•both media. 


Table I. 

Solvent, water; Sq = 1-324 x 10”®. 


C X 103. 

S X 103. 

K X 103. 

c X 10». 

8 X 103. ^ 103, 

0-392 

1-494 

1-7 

47-20 

24-66 

1-353 

0-7838 

1-676 

1-63 

97-88 

50*04 

1-336 

1-969 

2-260 

1-447 

221-9 

116-1 

1-235 

3-918 

3*199 

1*442 

358-0 

192-9 

M50 

7-838 

5-126 

1-403 

604-4 

349-1 

0-977 

19-59 

10-96 

1-366 

1135 

757-5 

0-664 



Table n. 




Solvent, l-698M«-sodiiim sulphate; Sq = 

3-784 X 10-*, 

c X 103. 

8 X 103. 

jk: X 103. 

c X 10®. 

8 X 10®, 

K X 103. 

0-251 

0*413 

2*2 

62-77 

11-97 

1-346 

0-655 

0-497 

1-71 

65*34 

14-79 

1-325 

1-431 

0-666 

X-502 

66-22 

16-13 

1-321 

3-271 

1-048 

1-472 

100-6 

23*17 

1-293 

6-531 

1-738 

1-439 

154*2 

37-79 

1-181 

12-74 

3-063 

1-416 

207-8 

63-69 

1-097 

26-19 

6-031 

1*375 

347-7 

101-6 

0-919 ' 

62-53 

11-90 

1*347 

572-9 

203-5 

0-689 

A consideration of the data 

shows that the value 

of £ is not 


constant, the variation being such as to indicate that the tendency 
to form higher polyiodides (e.gr., pentaiodide) inore^es with 
increasing initial concentration of iodide. The value of K for the 
two series follows the same course, but changes relatively very 
slowly between c = 0-002 and 04. It is in this region that the 
results are most suitable for correlating the two series of measure- 
ments, since in these dilute solutions practically the whole of the 
combined iodine may be assumed to be present as tri-iodide, and 
£ should be constant. Actual constancy is, of course, not observed, 
but^ the magnitude of is approximately the same in both series 
and the drift in the value is small. In view of the nature, of the 
assumprioDS involved, tins approximate agreement with the require- 
ments of the mass-law equation is not unsatisfactory and supports 
the view that the relation between active masses and actual con- 
centrations is much closer than would be anticipated from con- 
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siderations of the theory of activities. The value of the ratio 
[I'J/Pg'] is about 1*05 for the sulphate-free solutions and about 
3*5 for the sulphate solutions. Apart from the fact that it indicates 
that the extent of polyiodide formation is greatly depressed in 
presence of sulphate, the difference between these values is also of 
interest from the point of view of the theory of activities. Although, 
in the absence of values for the activity coefftcients concerned, it is 
impossible to make a quantitative prediction, a consideration of 
the ideas associated with the theory of activities leads to the con- 
clusion that within this concentration range the value of this 
ratio should be practically independent of the presence of added 
salts. 

Eesults in extremely dilute solutions are considerably influenced 
by small errors in the actual determination of the dissolved iodine, 
but it is considered that the observed effects are real. 

Jakowkin {Z. physikaL Ghem., 1896, 20, 19), Dawson (J., 1901, 
79, 238), and Pearce and Eversole (J. Physical Chem,, 1924, 28, 
245) have investigated the partition of iodine between solutions of 
iodides and an organic solvent and found that K is approximately 
constant for dilute solutions, but not for concentrated solutions. 
This is clearly shown by the data presented in Table HI, which 
refer to the equilibria established when iodine is distributed between 
carbon tetrachloride and fairly concentrated solutions of sodium 
iodide; under G and W are recorded the concentrations of iodine 
(moIs./lOOO g. of solvent) in the carbon tetrachloride and aqueous 
phases, respectively, and under [Ig] are tabulated the concentrations 
of the uncombined iodine in the aqueous layer, calculated from a 
knowledge of the distribution ratio. The last column contains the 
values of Z" computed on the assumption that the only polyiodide 
present is the tri-iodide. 

The ratio in which iodine is distributed between water and 
carbon tetrachloride was first determined : 

C X 10» (approx.) ... 57 46 25 21 10 

Partition ratio 54^8 54-2 53-6 53-6 63-2 

53-5 

A curve was then drawn from the data, the assumption being made 
that neither the iodide nor the polyiodide has any influence on the 
value of the distribution ratio : as the salting-out effect of the 
iodide ion is practically nil, this assumption is not unreasonable. 

The values of K apparently tend towards constancy whep. the , 
concentration of iodine is small. The data indicate the presence 
of polyiodides more complex than the tri-iodide in the oqn- 
oentrated solutions. . / k. 
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Table EH. 


Sodimn iodide = 0*9940Mw. - Sodium iodide = 0*4933iiftr. 


0X10®. 

Fxio®. 

[IJxlO®. 

e:xio®. 

0x10®. 

FxlO*. [IJxlO'. 

JTXIO®. 

0-356 

0-444 

0-665 

1-49 

0-663 

0-414 

1-240 

1-47 

0-840 

1-047 

1-570 

1-478 

3-684 

2-258 

6-885 

1-440 

1-875 

2-331 

3-503 

1-462 

8-083 

4-853 

16-13 

1-390 

3-510 

4-318 

6-533 

1-440 

9-067 

5-430 

16-94 

1-376 

3*592 

4-452 

6-713 

1*434 

20-39 

11-31 

38-12 

1-287 

7-236 

8-872 

13-52 

1-382 

36-42 

17-34 

67-82 

1-259 

16-86 

20-12 

31-66 

1*247 

47-42 

21-24 

87-60 

1-168 

21-61 

25-81 

40-41 

1-154 

49-82 

21-99 

91-75 

M50 

33-05 

36-56 

61-39 

1-056 





53-08 

51-36 

97-23 

0*913 






Experim-entaL — ^Iodine, sodium sulphate, and carbon tetrachloride 
were purified by customary methods. The sodium iodide contained 
no impurity other than water. The usual precautions were taken 
in determining solubilities and distribution ratios. 

My thanks are due to Proiessor H. M. Dawson for suggesting 
these experiments and for his criticism and advice. 

TJkivebsity op Leeds. [ReceiDed, June I2th, 1928.] 


CCXC . — The Laios of Aromatic Substitution. Part IX. 

By Beenhabd Fliteschbim and Eeio Leighton Holmes. 

In Part VUE (this voL, p. 1607), the o-, p-, and ^-percentages 
produced by nitration of the complete series CgH 5 *C(Ri)(R 2 )(R 3 ) 
(Rj and Rg == CljCOaEtjH ; Eg == CljCOgEt) have been accurately 
determined. The results have shown that a polar effect, which had 
long been recognised by one of us where o-substitution is con- 
cerned and had been postulated by Robinson also for the m~ and 
p-positions, actually exists, and may be very pronounced, in all 
positions. At the same time, an alternating effect (quantitative 

factor “q”), as postulated by one of us (c.§r., and 

CeHs-cf^. •COjEt), has been found to be superposed on the 

polar effect, tendii^ in the above series to reverse the relative order 
in VT'hich the substituents would cause m-substitution if their polar 
effects were the only factor. 

The preset investigation has been extended to compounds 
wherein Rj or R^ and R, = CN and covers the following series : 

CjHs-CHCl-CN, C6H6*CH(C02Et)-CN, C,H5*CH<CN)2, 

CeH6-CH(OH)-CN; 

CeH5*C(CO,EfVC»r, 0«H5-C(C02Et)(CN}2 ; 

also C,H5<3N and w-NOg-CgH^-Nm-CsHs. 
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The new data are to be found in Table I. For comparison, the 
ratios of m- to o- + 'p-substitution determined in Part VIII are 
recapitulated in Table 11. 

Table I. 


No. 

Substance. 

Medium. 

1 

FhCN 

HNOs 



d 1*52 

2 

Ph-CHg-CN 

99 

3 

Ph*CH(C02Et)*CN 

99 

4 

Ph*CH(CN)2 

99 

5 

99 

99 

6 

99 

** 

7 

Ph*C(C02Et)2*CN 

99 

8 

Ph*C{G02Et)(CN)2 

99 

9 

Ph*CHCl*CN 

99 

10 

»» 

99 

11 

Ph*CH(OH)CN 

1 

99 

rHNO,+ 

12 

Ph*CH:N*CaH4*N02(m) i 

H,SO. 


1(4% so,) 
'HNO,+ 

i 

13 

14 

1 

H,SO, 
( 5 % SO,) 
'Same + 

>» 1 


15 

Ph*CHO i 

H,SO, 
(5% SO,) 


Nitration pro- 

Mean 

m 

ducts. 

mol. %. 

mol. %, 

0 +p 

0 +p. 

m. 

m. 

(%)• 

/120 

111*5 

88*00^ 

88-50J 

\ 88*25* 

751* 

/ 86*85 
187*75 

13*151 

12*25J 

\ 12*70t 

14t 

/ 62*55 
163*05 

37*451 
36*95 J 

\ 37*20 

59*2 

31*0 

69*0 1 



32*70 

67*30 

- 67*90 

211*8 

32*55 

67*45 J 



/ 29*85 
131*00 

70*151 
69*00 J 

\ 69*55 

228*6 

/ 12*10 
112*95 

87*901 
87*05 J 

t 87*5 

698*4 

46*20 

49*95 

53*801 
50*05 J 

* 60*05+ 

100*20 J 

f 56*15 

1 56*70 

43*851 
43*30 J 

t 43*55 

77*25 

r 12*55 
\ 13*35 

87*451 

86-65J 

* 87*06 

672*2 

/ 12*26 
112*65 

87*761 

87-35J 

* 87*65 

703*2 

f 14*86 

85*161 



113*96 

86*06 J 

^ 86*60 

594*4 

r21*60 

\2M5 

-JF -.3 
00 QO 

‘ 78*66 

368*4 


* Compare 80*53% and 413*6% respectively (Baker, Cooper, and Ingold, 
this voL, p. 426). 

t Compare 14*25% and 16*6% respectively (idem, ibid,). 

J See p. 2240. 


Table II. 


CeHs-CHjjCl 

C£H5*CHg*C02Et . 
CtE[5* QjdL Cl2 
C2!BC5*0HCl*0O2pt 
02B[2'0S(C02Bt)2 . 


13-35 

13-6 

52-25 

43-35 

34-05 


CJEj-Ca. 160-1 

02£[5*CCl2‘002Bt ...... 156*8 

CeH5*CCl(COaEt)2 132*6 

CeH5*C(C02Et)3 ...... 130*1 

CeHs-CHgBr 7*45 

CeH5*CBr{COaEt)2 65*05 


Discussion of Results. 

Application of the Theory of Varying Affinity Demand. — (1) 
Relative polar effeds of Q, C02Et, and CN. These can be ascertained 
(compare J., 1909, 95, 726) from the influence on the dissociation 
constants of benzoic acid and aniline exercised by these substitueni^ 
when they occupy the m- or ^-positions. The steric effect from these 
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positions is negligible, and the alternating effect can be eliminated 
by averaging the changes in the dissociation constant which a 
substituent produces when it occupies the wi-position on the one 
hand and the ^-position on the other. It is at present uncertain 
whether the average change should be calculated by the arithmetical 
function, polar effect g= ( Km + Kp)l2Ku, or by the geometrical 
function, polar effect = V KmKpIKuy where Km, Kp, and are the 
constants for the m- and p-derivatives and for the unsubstituted 
acid (or base) respectively, but the choice of function does not 
affect the relative order of the polar effects of the above substituents. 
In connexion with these, the following constants are avaflable : 


K. 

7n-Chlorobeiizoic acid 1*59 X 10”* 
53- » „ 7-S Xl0”5 

Methyl hydrogen 

isophthalate 1*28x10”* 
7n-Cyanobenzoic acid 1 *99 X 1 O'* 
Benzoic acid 6*0 XlO”® 


K. 

Ethyl jj-aminobenzoate 2*4 x 10”^® 

Methyl 5)-armnobenzoate 2*9 X 10*^® 

„ m-aminobenzoate 4'4 xlO”^^ 

7n-Chloroanilme 3*45x10”^^ 

5>- 9*9 xlO-« 

Aniline...., 4*6 xlO’^® 


The constants for ethyl and methyl p-aminobenzoate show that 
ethyl has a slightly greater effect th^ methyl; and a comparison 
of methyl p- and m-aminobenzoates, also of p- and m-nitrobenzoic 
acids and of p- and m-nitroanilines, proves that the effect of m-direct- 
ive substituents is greater in the p- than in the w-position. Taking 
this into account, the following polar effects are obtained : 


wi-and5>-Cl .... 

and ^j-COgMe 
fti- and 2>-C02Et 
andp-CN .... 


On benzoic acid. 

Arithmetical Geometrical 
mean. mean. 

1*975 1*87 

>2*13 >2*13 

>213 >2-13 

>3*32 >3*32 


On aniline. 

Arithmetical Geometrical 
mean. mean. 

0-145 0*13 

0*05 0*025 

<0-05 <0*025 


The sequence of negative” polarity is therefore, quite con- 
clusively, CN>C 02 Elt>Cl, in so far as the effect on the benzene 
ring is concerned. 

(2) Sektiive aUermting (“ quantitative ”) effects of (3.^ COaEt, a7id 
CN. The affinity demand of methyl-carbon is approximately equal 
to that of hydrogen, but when it is linked to an atom with higher 
affinity demand (e.g.^ in toluene), then an equilibrium is established 
resulting in an affinity content of the bond between the two which 
is somewhat greater than in a bond between hvdrogen and either 

.-H-- 

of the two atoms; for instance, (compare Chem. 

Qnd Ind., 1926i 44, 249, ^d previous papers). Chlorine has a 
moderate affinity demand, intermediate between those of hydrogen 
and hydroxyl; when it is attached to an a-methyl carbon atom, it 
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therefore reduces the aflMty content of the bond between the latter 
and the nuclear carbon atom, but only very moderately (see below). 
Conversely, C02Et has an affinity demand only slightly inferior to 
that of hydrogen (see below) ; when C 02 Et is attached to a-methyl 
carbon, the affinity content of the bond between the latter and 
nuclear carbon is therefore slightly raised. Since affinity demand is 
at its maximum in tervalent nitrogen, the bond between CN and 
a-methyl carbon has a lower affinity content than the corresponding 
bonds in either of the other cases, and the affinity content of the 
bond between methyl and nuclear carbon is correspondingly higher. 

(3) Besulting directive effects of Cl, COgEt, and CN. It follows 

that the polar factor should cause m-substitution in the order 
CgH5*CH2‘CN’>CgH5'0BI!2*^02®^>^6®^5*^®^®^» quantit- 

ative factor in the reverse order. In accordance with this, the degree 
of m-substitution has been foimd to be practically identical in all 
three cases. On the other hand, when the above substituents are 
directly attached to the nucleus, both factors cause m-substitution 
in the order CgH5*CN>CgH5*C02Et>CgH5Cl. For the last two 
compounds this sequence is, of course^ a commonplace, but it has 
now been definitely proved to hold equally for benzonitrile, for which 
the value obtained by Baker, Cooper, and Ingold (loc. cit) was found 
to be too low. 

(4) The effect of lateral subsidiary bonds. A suggestion due to 
Brfihl (JBer., 1907, 40, 897 ; compare also Smedley, J., 1909, 95, 
232), according to which there is an exchange of residual affinity 
(subsidiary bond) between the oxygen atoms of a carboxyl group, 
appears to have found general acceptance. It explains why the 
two oxygen atoms in ethyl benzoate — ^although bivalent and there- 
fore possessed of a marked affinity demand — are barely able to 
reduce the affinity content of the bond between a- and nuclear 
carbon to a level below the content of the hydrogen bond in benzene, 
as shown by the fact that ethyl benzoate still yields about 30% of 
0 -, p-nitro-derivatives, notwithstanding that its m-substitution is 
also favoured by the polar efEect. Bruhl’s conception, already 
extended by Smedley (Zoc. dt.) to a subsidiary N-0 bond in amides, 
must logically apply to all cases where two (or more) atoms possess 
appreciable amounts of residual affinity,* provided, of course, that 
the partial mutual saturation is not prevented by the spatial factor 
(distance). The idea explains, for instance, why teUurium hexa- 
fluoride is so much less stable than sulphur hexafluoride, since the 

* The effect of such residual bonds on aromatic substitution was first 
recognised in cozmexion with the lowering of the affinity demand of 
and OH brought about by acetylation (Flurscheim, J., 1909, 99, 729^ 
footnote). 
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greater distance between tie fluorine atoms in the former, due to the 
greater size of the central atom, involves a lower affinity content in 
the residual bonds between them. When residual bonds between 
atoms forming part of a-substituents in toluene are considered in 
relation to their effects on affinity distribution (and thereby on 
substitution), it becomes necessary to distinguish between three 
distinct cases : 

{a) Cases where residual bonds lower the total affinity demand 


on the a-caxbon atom, e.g., 


..•Cl 

..•Cl 

CsHs-CH j ; 

CfiHs-CCl j 


‘‘••.Cl 


The formulae show immediately why the alternating effect of the 
a-chlorine atom is substantially less marked than in the case of 
nuclear chlorine. Even three a-chlorine atoms can oidy produce 
preponderating, but nothing like exclusive, m-substitution. 

(6) Cases where residual bonds do not affect the total affinity 
demand on the a-carbon atom, e,g., 

/H ..H- .H.. 

CgHs-CH o CgHs-eH CgHg-CH .> 

V<': \cN V'*‘- 

^OEt ^''^Et 

It is seen that in the measure in which the content of the bond 
between the a-carbon atom and another atom is reduced (broken 
lines) the affinity content of the bond between the a-carbon and a 
third atom is increased (thick lines) by the formation of a residual 
bond. 

(c) Cases where residual bonds enhance the total affiLnity demand 

/C:::N 

on the a-carbon atom ; e.gf., CgHg-CH ^ • 

\cri::]sr 

The observation that, whereas nitration of CeHg-OHg-CN and 
CeHg-CHg’COaEt yields practically the same w/(o + p)-ratio, 
CgH 5 *CH(CN )2 and CgH 5 -CH(C 02 Et )2 yield, respectively, ratios of 
211-8% and 34*06%, is at first sight puzzling, but is now seen to be 
a necessary consequence of the theory. The residual bond is here 
N . • . Hand not ST . . . H, since the tervalent nitrogen has a much 
greater residual affinity than the hydrogen atom. Bivalent oxygen 
has, ceteris paribm^ always l^s residual affinity than tervalent 
nitrogen, and when the carboxyl is compared with the cyano-group, 
this difference is accentuated by the residual neutralisation of 
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afianity within the former group. In GeB[5*CH(C02Et)2 a residual 
bond between the two carboxyl groups can therefore not have a 
marked effect ; but in CgH5*CH(CN)(C02Et), where a nitrogen atom 
tends to saturate its residual afSnity, the equilibrium principle 
postulates a more pronounced effect than in the dicarbethoxy- 
compound, although to a smaller degree than in the dinitrile, and the 
observed ratio (59-2) is in accordance with this. 

It might be thought that the high m-ratio from the dinitrile 
could be due to a primary replacement of the mobile a-hydrogen 
atom by NO2, with subsequent migration of the latter into the 
m-position. This possibility has been excluded by nitration of 
C6H5'C{CM‘)2(C02Et), resulting in a m-ratio of 698-4. This com- 
pound and 06H5-C(CN)(C02Et)2, both new compounds, constitute 
two further cases of the examination of directive effects in toluene 
derivatives in which all the a-hydrogen atoms are replaced by 
substituents which, in direct linking with the nucleus, would be 
m-directive, the first such case investigated having been the nitration 
of CeH5-C(C02Et)3, described in Part VIII. 

(6) Directive effect of It appeared desirable to examine 

the directive effect of an a-substituent which, in contrast to those 
already discussed, would combine weak polarity with a high affinity 
deinaTid. Such a substituent is to be found in benzylidene-m-nitro- 
aniline, which, unlike benzylamine, would even in concentrated acid 
preserve its nitrogen chiefly in the tervalent state and would not, 
in contrast to acetylbenzylamine, have the residual affinity of its 
nitrogen largely neutralised by a subsidiary bond. The group 
would obviously exercise a smaller polar effect than 
if, notwithstanding this, the m-ratio were found to be higher for 
benzylidene-m-nitroaniline than for benzaldehyde, the expected 
effect of the postulated higher affinity demand of tervalent nitrogen 
would be established. Benzaldehyde, according to Brady and 
Harris (J., 1923, 123, 484), in mixed acid yields 81% of m-nitro- 
derivative [m/(o + p) = 426-3%], a value with which our own 
determinations [78-66% m-nitration; m/(o + p) = 368-4%] are in 
good agreement, allowing for the difference of method, Schwalbe 
(Z, Farb, Textikhem,, 1902, 1, 628) obtained essentially m-nitro- 
benzaldehyde from benzylidene-m-nitroaniline in mixed acid, but 
he neither determined the proportions of the isomerides formed, 
nor showed whether or not hydrolysis to the aldehyde preceded 
nitration. 

Our own experiments prove that in the absence of hydrolysis, 
in a still stronger acid than Schwalbe*s, the m-percentage ,87-6 
[m/(o + p) = 703%] is obtained (nitration No, 13) i that the com- 
pound during nitration is largely present as the free anhydro-base, 
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as shown by the intensely yellow eolonr of its solution in concen- 
trated sulphuric acid, compared with its colourless hydrochloride 
obtained by precipitating the base with dry hydrogen chloride ; and 
that the high m-ratio is not attributable to nitration of the m-direc- 
tive cation (compare Part V) of the sulphate of the anhydro-base. 
This last fact was established by testitig the effect of added ammon- 
ium sulphate on the ?»-ratio, smce w-nitration of the cation would 
thereby be appreciably reduced by what Pollard and Eobinson 
(J*, 1927, 2770) have named the “ Murscheim effect.” A comparison 
of nitrations Nos. 13 and li with Nos. 7 and 8 of Part V (J., 1926, 
1569) shows that in the present case, notwithstanding a slightly 
higher concentration of ammonium sulphate, this effect is very 
much less marked than with diethylbenzylamine. This is what 
would be expected since, on the basis of any theory, even that 
relatively small portion of the very weak base benzylidene-m-nitro- 
aniline which may be present as salt will be less w-directive (accord- 
ing to us, less electrolytically dissociated) than the diethylbenzyl- 
ammonium salt, and since even the latter, at similar concentration, 
is chiefly o-, p-dhrective. Obviously, the presence of any benzyhdene- 
«a-nitroaniime as sulphate would therefore lower the m-ratio, and 
the value for the latter found in nitration No. 14 must be redded 
as a lower limit for the free anhydro-base. The greater affinity 
dermnd of nitrogen in this compound thus clearly outweighs the higher 
polarity of oxygen in benzaUehyde. 

Conclusion, 

The theory of varying affinity demand, relying on one single 
mechanism, provides a consistent interpretation of our observations. 
When we examine the results recorded in this paper in the light of 
the electronic theory of valency, we find that our remarks in Part 
VJLlI (this voL, p. 1609, last sentence of section 3) appear to apply 
with even greate force. It is, however, by considering the effect 
of substituents on equilibria (electrolytic and thermal dissociation) 
that we hope to obtain a clear-cut decision between these ideas, 
since the effect of a passing phase (conjugation) on a permanent 
equilibrium must be ne^gible, so that one of the two alternative 
electronic mechanisms can be eliminated. 

Expeeimehtal. 

Preparation of Materials, — {a) Eihyl phenylcyanomahnate. 15 G. 
of ethyl phenylacetate and 1-6 g. of sodium wire in 60 o.c. of dry 
ether were left over-night, and 10 c.c. of ethyl chloroformate were 
then added. On shaking, the white crystalline sodium salt gradually 
Ghaaged to a jelly-like mass. After the suspension had been shaken 
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for 7 hours and kept over-night, water was added, and the ethereal 
layer dried and distilled; 15 g. of a thick oil were obtained which, 
on redistillation, boiled at 140 — 141 ®/l mm. (Found : C, 64*4 ; 
H,5'8; N,5*3. C14H15O4N requires C, 64-4 ; H,5*8; N,5-4%). 

(6) Ethyl phenyldicyaTioaceiate. 4 G. of phenylmalonitrile and 
0*8 g. of sodium in 76 o.c. of dry absolute ether were left for 20 
hours. Evolution of hydrogen was slow. After filtration, the 
white sodium salt was separated mechanically from unchanged 
sodium, introduced into 40 c.c. of sodium-dried benzene, and 5 o.c. 
of ethyl chloroformate were added. After 7 hours* shaking and 
standing over-night, a gelatinous mass had formed. The whole 
was then shaken with water, the benzene layer separated, and the 
benzene removed at reduced pressure. On recrystallising the 
residue from alcohol, 4-9 g., m. p. 58 — ^59®, were obtained, showing 
after further recrystallisation the constant m. p. 60® (mixed m. p. 
depression with phenyhnalononitrile) (Found : C, 67-2 ; H, 4-9 ; 
N, 13-3. C12H10O2N2 requires 0, 67-3 ; H, 4-7 ; N, 13-1 %). 

(c) Phenyhnalononitrile was prepared according to Hessler {Amer. 
Chem, J., 1904, 32, 119), who obtained it from dilute alcohol with 
m. p. 68 — 69°. By using absolute alcohol, we found m. p. 70 — 71°. 
Benzylidene-m-nitroaniline had m. p. 72*5 — ^73°; benzyl cyanide, 
b. p. 229 — ^230°; benzonitrile, b. p. 190 — 191°^; mandelonitrile 
solidified at 6°, m. p, 13° (clear) ; ethyl phenylcyanoacetate, b. p. 
125 — 126°/1 mm. ; a-chlorobenzyl cyanide, b. p. 135 — ^136°/40 mm. 

Methods, — (a) Nitration, The experimental conditions and yields 
for each nitration are given in Table in. Apart from the nitrations 
of benzylidene-m-nitroaniline (see below), where hydrolysis on 
subsequent dilution withdrew most of the aniline portion of the 
anhydro-base from the weighings, the yields were excellent m aU 
cases. 

(6) Determination of the isomerides. Oxidation of the products 
of nitration to the acids was carried out as described in Part V TTT , 
Ethyl phenylcyanomalonate, however, like ethyl phenyimethane- 
tricarboxylate, had to be treated differently (see below). Our 
remark (this vol., p. 449) that our modification of the permanganate 
method had not failed in a single instance must therefore, in the 
light of our subsequent experience, be qualified in the sense that 
compounds which — owing to steric inhibition— are exceptionally 
resistant to lateral oxidation are prone to nuclear destruction by 
permanganate. It appears that, in such cases. Baker and Ingold*s 
modification of the nitric amd method, followed by the application 
of our modification of the permanganate method, gives trustworthy 
results. The composition of the acids obtained was in all cases 
determined by our method described in Part VI. 
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Details of Nitrations . — ^The conditions and actual weigliings in 
connexion with the nitrations are to be found in Table III, in which 
the numbers in column 1 correspond with those in column 1 of 
Table I. The following additional information appears desirable. 

Benzonitrile (No. 1). By pourmg the nitration product on ice, 
11'521 g. of precipitate, m. p. 108 — ^111^, were obtained, and by 
extracting the filtrate with ether a further 1-621 g. were recovered 
which solidified on standing. By recrystaUising the 11-521 g. twice 
from water, 8-440 g. of pure ?»-mtrobenzonitriIe (m. p. 117-5®) were 
obtained. The mother-liquors together with the above 1-621 g. 
were in this case not oxidised, but hydrolysed to the acids by boiling 
1 part for 8 hours with 9 parts of 16% hydrochloric acid, and com- 
pleting the hydrolysis by boiling with 0-16 part of permanganate 
and a little potassium hydroxide in 15 parts of water for 1 J hours. 

Ethyl phenylcyanoacetate (No. 3). Nitration in acetic anhydride 
reduced the m-percentage in this case as in phenylmalononitrile, but 
not nearly to the same extent, no doubt on account of the less pro- 
nounced reactivity of the side-chain. Two nitrations in acetic 
anhydride (one shown in parentheses) gave, from 1-000 (0*700) g. of 
oxidation acids, 1-000 (0*866) g. of iaibromoaniline and 0-640 (0-514) 
g. of tribromoaminobenzoic acid. 

PhmylrmlmitriU (Nos. 4 — 6 ). That nuclear nitration was 
practically complete, followed from the results of the reduction 
and bromination of the acids. To eliminate the possibility that 
the high m-percentage might in part have been due to another 
nitro-group having become attached to the a-carbon atom prior to 
nuclear nitration, experiment No. 4 was repeated and the freshly 
prepared nitration product brought to constant weight in a vacuum 
over caustic potash (Pound : 0, 66 - 6 ; H, 2-6. C 9 H 5 O 2 N 3 requires 
C, 57-7; H, 2-7%). The product therefore contained only cm 
nitro-group. In nitrations Nos. 5 and 6 , the product of nitration 
was extracted with benzene before being extracted with ether as 
usual. The upper figures in the column headed ** Yield ” in Table 
III are the weights of the benzene extracts, the lower figures being 
those of the ether extracts for these two nitrations. Nitration of 
phenylmalononitrile in the presence of acetic anhydride appeared to 
be preceded by some side-chain reaction, since the preponderating 
m-nitration observed in its absence was completely reversed. Thus 
7-9 g. of phenylmalononitrile in 7-9 c.c. of acetic anhydride, to which a 
mixture of 8 g, of acetic anhydride and 8 g. of nitric acid {d 1-62) was 
added at 15 — ^20® during 20 minutes, with subsequent standing for 
30 minutes, yielded 10-36 g. of a whitish, solid mass.. This gave the 
foUowing results on oxidation (those of a second oxidation are added 
in parentheses) : 2*14 (2-45) g. of nitration product gave M23 
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(1*325) g. of acids ; 1-000 (I-OOO) g. of these gave 0-203 (0-193) g. of 
benzoic sicid, 1-392 (1412) g. of tribromoaniline, and 0-102 (0*110) g. 
of tribromo-m-aminobenzoio acid, thus indicating almost exclusive 

0 - , ^-substitution. 

Ethyl ^hmyhyaiwmahmie (No. 7). On adding this substance to 
the nitrating acid, a pale red colour was produced, which gradually 
changed to green.- Oxidation by permanganate yielded only 0-2 g. 
of acids from 2*3 g. of nitration product, but when 3-776 g. of the 
latter were boiled for 4 hours with 40 c.c. of nitric acid (i 1*125) and 
then successively with 2 g. and 1 g. of permanganate, a yield of 

1- 348 g. of acids (nearly 70% of the theoretical) was obtained. 

Ethyl phmyUicyanoctceiafe (No. 8). A cyano-group being smaller 

than a carbethoxyl group, oxidation by permanganate succeeded in 
this case, but the yields were still not quite as good as usual. The 
nitration product, ethyl m~nitrophenyUicyanocu^te, a pale yellow 
solid, gave a deep red colour in alcohol, and in dilute acetone. It 
crystallised from alcohol in white crystals, m. p. 130 — 133-5*^, from 
cUoroform with m. p. 133 — 134*5®, and from benzene with m. p. 
132 — 134®, In all three cases the fused specimens were red, and lost 
this colour on solidification; they were soluble in cold alcohol or 
acetone with a strong reddish-orange colour, which deepened on 
adding water, but the solution in benzene or chloroform was colour- 
less (Found : N, 16*68. OigH 904 N 3 requires N, 16-22%). 

a^Chlorobenzyl cyanide (Nos. 9 and 10). Nitration in acetic 
anhydride at 15° only took place to the extent of about 1*6%. 
Since, moreover, other a-cyano-compounds behaved abnormally 
in this medium, it became necessary to operate in nitric acid (d 1-62) 
alone, although appreciable hydrolysis could not be avoided. In 
No. 9 the spent acid gave 1-2401 g. Agd, corresponding to 16*9% of 
hydrolysis, and in No. 10, where exposure to the acid was shorter, 
0-3306 g. Agd (hydrolysis = 10-0%). The calculated sw-figores 
(marked %) in Table I have therefore been based on No. 10 alone. 
Since No. 9, with greater hydrolysis, gave a higher w-percentage 
than No. 10, whereas mandelonitrile yielded a lower w-percentage 
than No. 10, it is obvious that a product other than mandelonitrile 
is initially formed by hydrolysis, and nitrated. This can only be 
manddonitrile nitrate. This result is entirely in agreement with 
the high m-percentage observed in the nitration of benzyl bromide 
in nitric acid alone (see Part VIII) ; in this case benzyl nitrate must 
have been the initial product of hydrolysis, since benzyl alcohol 
would obviously lead to even l^s m-derivative than mandelonitrile. 
On adding a-chlorobenzyl cyanide to nitric acid, a red colour was 
obseirved, which disappeared on shaking. 

Benzylide7ie-m-niiroanilme (Nos. 12, 13, and 14), The yields 
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given in Table III were obtained by pouring the acid, without 
cooling, into water in order to hydrolyse most of the anhydro-base 
and leave the aniline portion in solution. The aldehyde portion was 
extracted with benzene. The fact that no appreciable hydrolysis 
occurred during nitration, even in JTo. 12 where only 4% SO3 was 
present as against 5% in Nos. 13 and 14, was proved by pouring 
exactly one-half of the acid from No. 12 on a mixture of ice and 
excess of bicarbonate, whereupon 7*044 g., m. p. 142 — 143®, were 
precipitated. From 1 g. of this ochre-coloured product, recrystallised 
from petrol (b. p. 100 — ^120®), 0*710 g. of almost pure w-nitrobenzyl- 
idene-w-nitroaniline, m. p. 148 — 154®, mixed m. p. higher, was 
obtaiaed. A synthetic samjde prepared by us had m. p. 160° 
(literature 153°). The yield given in No. 12 is double the amount 
recovered from the remaining half of the acid by pouring it into 
water. The proportion of nitric acid used in Nos. 13 and 14 was 
only one-half of that in No. 12. That no appreciable portion of the 
anhydro-base would be sulphonated in our conditions appeared 
probable from the stringent conditions which Schwalbe (toe. cit\) 
had to resort to for its sulphonation. We have confirmed this by 
leaving the base (6*5 g.) in 5% oleum (30 g.) for 2 hours at room 
temperature, then pouring it into 60 c.c. of water, whereby 2*313 g. 
of benzaldehyde were recovered. 

In order to prove that the tendency to salt formation in benzyl- 
idene-w-nitroaniline is even less than in m-nitroaniline (which 
in turn is already millions of times weaker than diethylbenzylamine, 
the salt solution of which is still chiefly 0-, p-directive under similar 
conditions}, a comparison was made of the relative thermal stabilities 
of tkehydrochloride of benzyMene-w-mtocoaniline with that of jw*nitro- 
aniline. The former salt was obtained by passing dry hydrogen 
chloride through a solution of 1 g. of the base in 30 c.c. of dry 
benzene, and keeping the filtered salt for 48 hours in a desiccator 
over potassium hydroxide [Found : d (Carius), 13*6. CigHiiOaNgCl 
requires d, 13*5%] ; this salt is colourless. Carbon dioxide (purified 
by passage successively through water, silver nitrate solution, and 
concentrated sulphuric acid) was passed through flasks containing 
the two hydrochlorides, which were imm^sed side by side in an 
oil-bath. Until the temperature of the bath reached 110® no silver 
chloride was deposited in 2 hours in silver nitrate solutions through 
whidh the carbon dioxide passed on leaving the flasks. At 120® 
the benzylideae-m-nitroanfline salt began to give off hydrogen 
chloride, whereas the m-nitroanfUne hydrochloride was still stable 
at 145®, and only began to 3^eld a deposit at 150®. The anhy&o* 
base could be reooveECed mostly unchanged by shaking 0*20Q^g^ijpf 
the salt with b^izene and.potasrium bicarboi^te solufa^^.lg^ 
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everything was dissolved. The dried benzene solution left 0*174 g. 
of the base (m. p. 55 — 67*5°, mixed m. p. 67 — 69’6°). 

We desire to express our indebtedness to the Advisory Council 
of the Department of Scientific Research, and to the Gbvemment 
Grant Committee of the Royal Society, for grants to one of us 
(E. L. H.) ; also to Sir W. H. Bragg and the Royal Institution, who 
have placed at our disposal the facilities of the Davy Faraday 
Laboratory, where the work was carried out. 
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CCXOI . — The Solubility of Potassium Ferricyanide 
in Water between 0° and 100°. 

By John Albert Newton Friend and William Nelson Smirles. 

Vallance (J., 1927, 1328) found a break in the solubility curve of 
potassium feirocyanide m water at approximately 18°. This did 
not appear to be connected with any change in hydration of the 
solid phase, and is of particular interest in view of the long-admitted 
possibility of the existence of two stereoisomeric forms of the salt 
(Briggs, J., 1911, 99, 1019; 1920, 117, 1026; Bennett, 1917, 111, 
490). 

When the solubility curve of potassiiim ferricyanide is drawn 
from the six results of Wallace (J., 1855, 7, 80) and the one datum 
of Schiff {Annalm, 1860, 113, 150) for 13°, a break would appear 
to occur between 20° and 40°. The solution-density curve likewise 
suggests a break. In view of the alleged isomerism of the salt 
(Locke and Edwards, Amer. Ghem. J., 1899, 21, 193, 413 ; but see 
Bellucci and Sabatini, AUi JR. Accad. Lirbcei, 1911, 20, 1 ; Kutti, 
Ber., 1912, 45, 1830 ; Hauser and Biesalski, Ber., 1912, 46, 2616 ; 
Wells, Amer. Chem. J., 1913, 49, 205 ; Briggs, J., 1920, 117, 1026), 
a further investigation of this point appeared to be desirable. 

Experimental. 

Pure potassium ferricyanide was recrystailised, and its iron con- 
tent was estimated by decomposing about 0*5 g. with concentrated 
sulphuric acid in a platinum dish, heating until the colour that 
developed had disappeared, adding a small quantity .of concentrated 
nitric add, and again heating until sulphuric acid fumes were freely 
evolved. After cooling, the r^due was dissolved in dilute hydro- 
chloric acid, diluted to approximately 400 c.c., and the ferric 
hydroxide precipitated with ammonia, filtered, re-dissolved, repre- 
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cipitated, ignited, and weighed [Found: Fe, (i) 17*08, (ii) 17-01. 
Calc. : Fe, 16-96%]. 

Determination of Solubility , — ^The method employed in preparing 
a saturated solution was similar to that described by Lumsden 
(J., 1902, 81j 350). The solution was stirred continuously in 
contact with the finely crushed salt for about 6 hours, a portion 
being withdrawn by suction from the saturation bottle through 
glass wool into a receiving flask, the usual precautions for submersion 


Fig. 1. 



Solubility and density curves of K 3 Fe(C]N)g. 

O Wallace’s data. 

X Schifi’s datum [38 g. K: 3 Fe(CN )8 x>er 100 g. HgO]. 

0 Grube’s result {Z. Blektrockem., 1914, 20, 342). 

in the thermostat being observed to ensure complete uniformity 
of temperature. A measured volume of the filtered solution was 
diluted to 250 c.c., and 25 c.c. were evaporated to dryness ; from 
the iron content, determined as indicated above, the amount of 
ferrioyanide was calculated. 

The results are given in Fig. 1 and Table I, where Su, and Ss 
represent g. of anhydrous salt per 100 g. of water and of solution 
respectively. 

Determination of Density , — For the deteiihination of the density 
of the saturated solution, the apparatus shown in Fig. 2 was attached 
to the saturation bottle, and the liq[uid sucked over. ^ The appaaE^tus 
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consisted of a 10 cx. glass density bottle, (7, standing inside a closely 
fitting cylindrical bottle, and kept in position either with a glass rod 
through the rubber stopper S, or by a loose glass collar as shown in 
the figure. The volume of G and its variation with temperature 

had previously been ascer- 
^ ^ ^ tained. The end B of the 

filter tube A was adjusted 
not to pour direct into C 
but outside it, and then to 
fiow into it as the contain- 
ing bottle fiOded up. The 
rubber stopper was now 
removed, and the glass 
stopper inserted in the 
density bottle, which was 
then washed and set aside 
Qi to cool, being covered with 
a small tube to prevent 
evaporation through the 
capillary. 

After a density determin- 
ation the solution was 
frequently used for a solu- 
bility determination so that 
both data were obtained from the one sample. The results (in air) 
are given in Table I. 

Table I. 


1 


I0c£. 


Temp. 


s,. 

(in air). 

0*1® 

30*24 

23*22 


4-7 

34*21 

25*49 


7-8 

36*95 

26*96 

1*1567 

12*8 

40*22 

28*68 


15-7 

43*58 

30*35 

1*1738 

16*75 

— 

— 

M766 

18*7 

44*85 

30*96 



21^8 

— 

— 

M85S 

22*1 

47*22 

32*08 

1-1872 

25*0 

48*80 

32*80 



25*3 

— 



1-1905 

26*3 

60*74 

33*66 

M928 




Temp. 

Sa. 

s,. 

(in air). 

28-3® 

52-14 

34-27 


28-9 



— 


29*8 

53*02 

36-65 


31*5 

54*21 

35*15 


33*1 

— 

— 

1*2046 

39*9 

59*27 

37*22 

1*2115 

49*0 

64*25 

39*12 


56*25 

67-80 

40*41 


58*0 

69*78 

4M0 


81*0 

80*82 

44*70 


99*0 

90*83 

47*60 



Biseussion . — ^The density and solubility data (8a) are sbo\m in 
Kg. 1. The curves are regular, giving no indication of a break. Bb-e 
solubility curve conforms to the equation 

8a = 30*4 -f 0-8« - 0-mm. 


With the ezcep(ioii'<^ tire value at S7"8'’., Waflace’s figures arelowia: 
than ours, |>Bi^oalaEly that at 100% probably oving to the fact that he 
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estimated his f errioyanide volumetrically by reduction with stannous 
chloride, a method that is less accurate than the gravimetric. The 
very low results at 100 ® and above may possibly be in part due to 
hydrolysis. Even warm solutions smell of hydrocyanic acid, and 
at 100® the odour is very marked. Hydrolysis would be likely to 
affect the volumetric method more seriously than the gravimetric. 
In order to reduce the disturbing effect of any such change we were 
careful to use fresh solutions for each of our determinations. Schiff ’s 
result is a little low. Grube states that one litre saturated at 26® 
contaius 386*5 g. of salt, and if our mean value (1*1905) be adopted 
for the density at this temperature, Sv, is 47-89, a value slightly 
lower than ours, viz,, 48*80. 

The Technicai. Ooi<lege, 

BncMiNGHAar. [ Received , June 21 st , 1928.] 


CCXOII . — Lithium Sulphite and some Derivatives. 

By John Albert Newton Ekebnd and Donald Whitworth 

Pounder. 

Published data concerning lithium sulphite are both scanty and 
unsatisfactory. Danson (J., 1848, 2 , 207) appears to have been the 
first to prepare the hydrated salt. He passed sulphur dioxide into 
an aqueous suspension of lithium carbonate until a colourless 
solution was obtained, and precipitated the hydrated sulphite either 
by addition of alcohol or by boiling to expel excess of sulphur 
dioxide. He noticed its ready oxidisability. 

Apparently the only other investigator was Eohrig (/. pr. Chem,, 
1888, 37 , 225), who believed he had isolated both a mono- and 
di-hydrate, the former by methods similar to those of Danson, the 
latter by precipitation with alcohol from strongly acid solution. 
Rohiig’s research is the one usually quoted, and there can be no 
doubt that he obtained a hydrate of lithium sulphite, but the 
inadequate nature of his analyses appears to have escaped observ- 
ation. The lithia was correctly estimated as sulphate, but the 
sulphur dioxide content was calculated after oxidation to sulphate 
and weighing as barium or lead sulphate. The amount of oxidising 
agent required was not ascertained, and no tests are recorded to 
prove the absence of sulphate. In view of the ready oxidation of 
the salt, this was a singular omission, for it is evident that the ratio 
Iii 20 : SOg, as calculated by the above method, would be the same for 
the known sulphates, 113804 and 113804 , H 3 O, as for the supposed 
sulphi^. Further, since the water was calculated by difference^ 
the analyses were iosuffioiently complete to distinguish between* 
4£ 
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Li2S04 and Li2S03,H20, on the one hand, and between 1*12804, HgO 
and Li2S03,2H20, on the other. Moreover, since the higher hydrate 
was alleged to be formed from the more strongly acid solution, we 
deemed it desirable to re-investigate the subject. 

We have confirmed the existence of the monohydrate, but have 
obtained no clear evidence of a dihydrate : it is possible that 
Eidhrig’s salt was the monohydrate imperfectly freed from water 
and/or alcohol, for it retains these substances very tenaciously. 
We have also prepared the pure anhydrous salt for the first time, and, 
although we have not been able to isolate the hydrogen sulphite, we 
have prepared its compounds with aldehydes and ketones. 

Experimental. 

The inonohydrate, 102803, H2O, is readily prepared by making 
lithium carbonate into a very thin cream with water and passing 
a mixture of sulphur dioxide and purified hydrogen through it at 
room temperature with shaking, access of air being prevented with 
water seals. The object of the hydrogen is to avoid inrush of air 
during absorption of sulphur dioxide and passage of the liquid up 
the delivery tube when the supply of the latter gas is cut off. Passage 
of the sulphur dioxide is continued until the whole of the lithium 
carbonate has passed into solution and effervescence has ceased, 
but too great excess should be avoided. The sulphite may be 
separated in one of the following ways : 

1. Evaporation on the water-bath, care being taken to minimise 

oxidation (see analysis a). Unless pure sulphite is required this is 
a rapid and convenient method of preparation. - 

2. Evaporation over concentrated sulphuric acid in a vacuum; 
this is tedious, but yields a very pure, crystalline product (see 
analyses b and c). 

3. Pouring the solution into excess of alcohol, whereby a white 
precipitate is obtained which is somewhat difficult to filter, particu- 
larly when excess of sulphur dioxide is present. The precipitate 
is washed with alcohol and ether, and may be dried at 100° or 
preferably at room temperature in a vacuum desiccator over 
sulphuric acid : with care, the latter procedme gives a white powder 
entirely free from sulphate (analysis d). 

As obtained by the above methods, the monohydrate is readily 
soluble in water. When exposed to water vapour in the absence of 
air the salt steadily increases in weight and &ally deliquesces to a 
colouxkss solution. Exposed to air, it slowly oxidises to sulphate, 
even in a desiccator. Thus, a specimen of the pure salt after 
keeping for 8 days contained only 46-20% SOg, and this fell, after a 
further 7 days, to 36-76% (Calc, for Li2S03,H20, 57-22%). 
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In dilute solution, the salt oxidises rapidly; an Jf /10-solution 
exposed to air oxidised somewhat less rapidly than equivalent 
solutions of the sodium and potassium salts. 

The monohydrate retains its water over sulphuric acid at room 
temperature, hut becomes anhydrous at 180°, undergoing slight 
oxidation to sulphate if exposed to air during heating. Numerous 
analyses of the different batches of salts have been made, the 
lithium being estimated as sulphate, and the sulphur dioxide 
iodometrically. The water is usually calculated by difference. 
Typical analyses are as follows : 



a. 

h. 

c. 

d. 

Theory. 

Li,0 (%) 

.... 27-42 

25-37 

26-28 

27-29 

26-69 

SO.(%) 

.... 56-85 

54-39 

56-35 

57-66 

57-22 

H,0(bydifl.)(%) 

.... 15-73 

20-24 

17*37 

14-90 

16-09 

Ratio LisO/SOs 

.... 0-4823 

0-4664 

0-4664 

0-4733 

0-4664 


Salt b was quite free from sulphate, but retained some adsorbed 
moisture. Salt c contained a trace of sulphate but less adsorbed 
water, having been kept in a vacuum desiccator for a longer period 
than the preceding salt. Salt d was prepared by the third method, 
sulphur dioxide being present in only very slight excess. While in 
the vacuum desiccator, it was repeatedly rinsed’’ with air until 
it ceased to smeU of ether. It was entirely free from sulphate but 
contained 0*16% of iron, calculated as FegOj. 

Following Rohrig’s procedure for the preparation of the supposed 
dihydxate, sulphur dioxide and hydrogen were passed into an aqueous 
suspension of lithium carbonate until a yellow, acid solution was 
obtained, the yellow colour indicating the presence of acid sulphite 
in solution. This was poured into excess of alcohol, and the precipit- 
ated salt filtered off (with difficulty) at the pump. A portion was 
analysed mimediately and contained 72-02% of alcohol plus water. 
Had it not contained alcohol, this would have corresponded to 
LigSO^jWHgO, which requires HgO, 72-86%. It was not a definite 
compound and lost weight rapidly in the balance case. The 
remainder, when placed on a clock glass in a vacuum desiccator over 
sulphuric acid, continuously lost weight for 24 hours, but then 
remained practically constant and was analysed. All the alcohol 
had evaporated, and the salt consisted of lithium sulphate mono- 
hydrate with a trace of sulphate (Found: HgO, 15-71. Calc.: 
16-09%). 

Anhydrous lithiwm sulphite^ 1 ^ 2803 , is conveniently prepared in 
a pure state by passing a mixture of sulphur dioxide and purified 
hydrogen into a cream of lithium carbonate and water until effer- 
vescence ceases. The flask is then heated to 180 — ^200° in an oil-bath, 
dry hydrogen being passed through until the salt is anhydrous. 
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Tlius obtained, Kthium sulphite is a dull vMte ponder, more stable 
than the monohydrate. A sample kept in a desiccator for a month 
was free from all but a trace of sulphate (Found : IdjO, 31'84 ; 
SOj, 67-72; HgO, 0-38; total, 99-94; liaOrSOg, 0-4702. liaSOs 
requires ligO, 31*81 ; SOj, 68-19% ; lijO : SOg, 0-4664). 

The salt melts at approximaMy 455° and undergoes partial 
decomposition, yielding a brown, green, or blue mass according to 
circumstances. If air is excluded, some lithium sulphide appears to 
be formed, for the product smells of hydrogen sulphide. This 
was observed by E6Mg, who suggested the reaction : 4 LigS 03 = 
SligSOf + lijS. An analogous reaction has since been shown to 
take place on heating sodium sulphite at 700° in a vacuum (Picon, 
(/OOTpf. rend., 1924, 178, 1548). 

Organic, Derivatives of lAthium Hydrogen SvlphUe. 

Acetone. A thin cream of lithium carbonate and water was 
covered with acetone in a flask, and sulphur dioxide diluted with 
hydrc^en passed through. The temperature rose dightly and after 
all the carbonate had decomposed a white, crystalline derivative 
formed. This was washed with acetone and eHier. The lithium 
content was determined by heating with concentrated sulphuric 
acid and weighing as sulphate (Found : L^O, 9-03. liBBOsiCydgO 
requires ligO, 9-11%). The acetone was estimated iodo- 
metiically; the method did not appear to be very accurate, but 
sufficed to show that at least 93% of the theoretical quantify of 
acetone was present. After two months in a stoppered bottle, 
analysis gave 9-12% ; but in another sample that had been 
less seeurdy stoppered, the percentage of li^O rose in a few weeks to 
13*57, and the r^idue smdt of sulphur dioxide, indicating appreci* 
able decomposition. 

Bmmld^tyde. This derivative was obtained in a similar manner 
as a beautifully white product ; it smelled stron^y of bmizaldehyde, 
which was rapidly evolved on warming (Found, for two specimens : 
LiaO, 7*14, 8*61. LisHS 03 , 07 He 0 requires I4O, 7-70%). 

Acetaldehyde gave a white product, not analysed. Acetophenone 
did not react. 


The Technkux. Coklecuei, 

BntMTOOmM. 


(Beceived, June 2Sth, 1928.] 
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CCXCni. — The Nature of the Alternating Uffect in 
Carbon Chains. Part XX VIII. The Preparation 
and some Properties of Benzyl Fhioride. 

By Christopheb Kelk Ingolb and Edith Hilda Inqold. 

Although benzyl chloride, bromide, and iodide are familiar sub- 
stances, the preparation of benzyl fluoride has not yet been described, 
and, in view of the importance of the benzyl halides for the study 
of serial relationships in the electrochemical behaviour of the 
halogen elements in organic chemistry, we attempted to devise a 
satisfactory method for the formation of the missing member of 
the series. Recent imperfectly successful attempts have been 
recorded by Tronov (J. Bvss. Phys. Ghem. Soc., 1926, 58, 1270), 
who treated benzyl chloride with silver fluoride and obtained only 
toluene, and by Swarts {BulL Soc. chim., 1924, 35, 1533), who, by 
some method not stated, obtained ‘‘ with great difficulty a small 
quantity of a liquid which was neither purified nor analysed, and 
quickly decomposed. 

In their study of the decomposition of quaternary ammonium 
salts, Hanhart and Ingold (J., 1927, 997) showed that under struc- 
tural conditions antagonistic to the formation of an olefin, the alkyl 
radical most tolerant to a positive charge is ejected and subsequently 
combines with the anion of the salt. The order of toleration given 
included the inequality CgH 5 *CH 2 >CH 3 , and the present application 
is that the distillation of a quaternary ammonium fluoride such as 
benzyltrimethylammonium fluoride, containing only benzyl , and 
methyl groups, should yield a predominating proportion of benzyl 
fluoride. We have prepared benzyl fluoride from several salts of 
this type (yields about 60% after complete rectification) and have 
taken the opportunity to study its properties. 

Benzyl fluoride is a colourless liquid with an odour which is 
quite unlike that of its analogues, and rather resembles that of 
benzene. The m. p. is — 35°, and the b. p. 139-9°/760 mm. is of 
interest in relation to those of toluene, benzal fluoride, and benzo- 
tiifluoride. The series CeHg-CHgCllO-S^), 

C3H5*CHF2(133-5°), CeB[5'GF3(103-5°) shows a maximum at the 
boiling point of benzyl fluoride, and this is noteworthy in relation 
to Arkel and de Boer’s theory respecting the boiling points of 
organic compounds {Physica, Nederlaifidsch Tijdsch, Natuurhimde, 
1924, 4, 392 ; 1925, 5, 134 ; Bee. trm. chim., 1925, 44, 675), Accord^ 
ing to these authors, the boiling points of halogenohydrocarbons 
are additive in the sense that they can be expressed as a simple 
function of the sum of a number of terms (*' Va-values^') corre^ 
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Spending to the contributions of the atoms to the external molecular 
field and hence to the internal pressure of the liquid. For com- 
pounds belonging to the same hydrocarbon type the V a- values of 
the halogens are constant ; e-gr., for methane derivatives the values 
are F 23, Cl 47-5, Br 60*8, 1 81-3. On the other hand, the V a- value 
for hydrogen is variable and depends upon the degree of incipient 
ionisation induced by the halogen atoms attached to the same 
carbon atom. The degree of incipient ionisation produced by 
different halogens is substantially the same, and therefore the main 
factor which determines the V a- value for hydrogen is the number 
of halogen atoms attached to the carbon atom to which it is linked. 
The following V a- values for hydrogen illustrate this (X = halogen) : 
OH^ 16-2, CH 3 X 21-4, CH 2 X 2 25-2, CHX 3 26-1. The pecuHarity 
of fluorine is that its Va- value lies within the range of values 
which hydrogen may assume, and hence the possibility arises that 
whilst the replacement of one hydrogen atom in a hydrocarbon by 
fluorine may cause an increase in sVa and thus an increase in 
boiling point, the replacement of succeeding hydrogen atoms 
attached to the same carbon atom may lead to a decrease both in 
SVa and in the b. p. The series of b. p.’s given above forms a 
striking illustration of this deduction, and is the first complete 
series of the kind. As already stated, the values vary slightly 
from type to type, and it must be assumed that the value for side- 
chain hydrogen crosses the fluorine figure on passing from toluene 
to benzyl fluoride, thus producing a maximum b. p. at this member 
of the series. 

We have studied the refraction and the dispersion of benzyl 
fluoride, both because these data will ultimately be required for 
the calculation of the molecular dipole moment of this substance, 
and also because the effect of the substituent (F) on the optical 
dispersion of a substance forms a partial measure of its effect on 
the rigidity of the electrons in the molecule. To facilitate an 
accurate comparison of the refraction constants of fluorine relative 
to those of hydrogen, the densities and refractive indices of highly 
purified toluene have been measured with the same apparatus. 
The data are in the following table, in which the bottom row con- 
tains the differences between [J?^] for benzyl fluoride and for 
toluene ; 




X6563. 

XSSOS. 

\5461. 

X4861. 

A 4358. 

A 4340. 

Benzyl fluoride) 

1-48481 

1-48919 

1-49294 

1-50014 

1-50927 

1-50967 

1-02278 

J 

30-829 

31-067 

31-269 

31-656 

32-144 

32-165 

Toluene 


1-48876 

1*49331 

1-49720 

1-50454 

1-61402 

1-51436 

0-86140 

i w 

30-833 

31-077 

31-285 

31-676 

32-177 

32-195 

OP) - (H) 


-0-004 

-0-010 

-0-016 < 

-0-020 

-0-033 

-0-030 
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Eisenlohr’s (1910) values for the refraction constant of hydrogen 
being used, the contributions to the molecular refractions attribut- 
able to fluorine in benzyl fluoride are in the following table, in 
which Bisenlohr’s values for the other halogens are included for 
comparison : 


Ha* Hy. ' Hj5 "" Ha* Hy — H< 

F(BzF) 1-088 1-090 1*095 1-092 0-007 0-004 

Cl 5-933 5-967 6*043 6*101 0*110 0-168 

Br 8*803 8-865 8-999 9*152 0*196 0-349 

I 13*757 13*900 14*224 14*521 0*467 0-764 


It will be seen that fluorine has by far the lowest refraction values 
and that it differs sharply from the other halogens in contributing 
practically nothing to dispersion, and we conclude that amongst 
the four benzyl halides the halogen in benzyl fluoride exerts the 
strongest positive field over the aromatic nucleus. For o-, m-, and 
p-fluorotoluene Swarts (J, GMm. phys,, 1922, 20, 30) obtained 
results which, when reduced in the same way, give — 0*034 (mean) 
for the contribution by fluorine to the dispersion (B[y — ^Ha). For 
fluorobenzene the corresponding figure was — 0*045, and the 
marked contrast between these figures and that now derived 
(+ 0*004) for benzyl fiuoride shows that the introduction of a 
fluorine atom into the aromatic nucleus causes a larger restraint 
on the electrons and hence a larger increase in the frequency govern- 
ing dispersion than that produced by the entrance of a fluorine 
atom into the side chain. 

Further evidence pointing in a similar direction was obtained by 
a study of the ultra-violet absorption of the substance, and the 
results are of interest in connexion with the parallelism which 
appears to subsist between the selective absorption of simply con- 
stituted aromatic compounds and their nuclear reactivity. It is 
known (Baly and Collie, J., 1903, 87, 1332) that the conversion of 
aniline into a salt causes the selective absorption to be displaced 
in the direction of shorter wave-lengths, and this effect, manifestly 
connected with the increased electronic restraints produced by the 
positive charge, may be correlated with the inhibited nuclear 
reactivity and tendency to m-orientation of the salt. The opposite 
influence of a negative charge is displayed when phenol is con- 
verted into a salt, and the displacement of the selective absorption 
to a region of greater wave-lengths finds its counterpart in largely 
increased nuclear reactivity and very strong qp-orientation. Spectro- 
graphic studies with benzene, toluene, ethylbenzene, and the three 
xylenes in alcoholic solution (Baly and Collie, too. cit.) have shown 
that the introduction of alkyl groups into the aromatic nucleus 
displaces the absorption maximum towards the red, and quantitative 
data are available in the case of p-xylene (Henri, iStudes de 
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Photochiroie/’ 1919); the effect corresponds to op-orientation 
associated with increased nuclear reactivity (Ingold and Shaw’s 
Case I,” J., 1927, 2918). If, however, the side-chain hydrogen 
atoms of toluene are replaced by atoms which attract electrons 
strongly, the circumstances of Ingold and Shaw’s Case I ” pass 
into those of their “ Case II,” and continuously decreasing nuclear 
reactivity is associated with increasing m-orientation. Benzyl 


Fio. 1. 



Wave-length. 


fluoride, benzaldehyde, and benzoic acid represent progressive 
stages in this process, and it is therefore of interest to compare the 
positions • and intensities of the principal ultra-violet absorption 
maxiina of these substances with those of benzene and p-xylene. 
The curve representing the extinction coefi&oients for benzyl fluoride 
in -M/100- to M/1600-ethyl-alcoholic solution is ^own in the 
diagram, and a comparison of the wave-length of the Tria.irinmm 
with those recorded by Henri (loc. cit.) for the other substances 
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shows that benzyl fluoride falls into place as a somewhat feebly 
wi-orienting member of the series. The trend of the ©-values 
(minimum at benzene) suggests that electrical dis^rmmetry in the 
molecule favours photoelectronic excitation. 

Benzyl Benz- Benzoic 
p-Xylene, Benzene, fluoride, aldehyde. acid. 

A 2684 2547 2508 2,440 2,302 

€ 750 210 508 16,260 44,700 

It is not to be expected that the basis here indicated for the cor- 
relation of colour with constitution will be capable of a more 
general application until it has been considerably elaborated, and a 
more extended discussion of the effect of polar influences on colour 
must await further experimental studies. 

The above reference to the wi-orienting power of the fluoromethyl 
group is based on our observation that on nitration in acetic 
anhydride solution benzyl fluoride yields mononitro-derivatives in 
the following proportions: ortho- 28-1, meta- 17*5, para- 544%. 
Comparison of these figures with those which have been obtained 
by Miss P. R. Shaw in these laboratories for the nitration of benzyl 
cUoride, namely, ortho- 32-0, meta- 15*5, para- 52-5%, shows that 
there is more m-substitution in the former case, and that therefore 
the electron-attraction (inductive + direct effects, — I — D) of 
the halogen in benzyl fluoride is greater than in benzyl chloride. 

According to Ingold and Vass (thisVoL, p. 417 ; see also Lap- 
worth and Robinson, Mem, Manchester Phil, Soc,, 1928, 72> No. 4) the 
direct effect is one of the main factors controlling the ortho/para 
ratio in aromatic substitution, and conversely this ratio, or the 
related ratio para/^rtho, may be taken to indicate the relative 
intensities of the external fields of the halogen atoms in the above 
cases, provided that the possibility of complications arising from 
steric hindrance is not disregarded. The ratios for benzyl fluoride 
and chloride are 3-89 and* 3*28 respectively, showing that the 
direct effect of fluorine is stronger than that of chlorine, since 
steric hindrance should produce a difference in the opposite direc- 
tion. This is confirmed by the halogenobenzene ratios (HoUeman), 
namely, PhF 13-76, Phd 4-64, PhBr 3-30, Phi 2*85, which indicate 
that the complete sequence is Dp>Z>a>DBr>A- is natural 
that the ratios for the phenyl compounds should be greater than 
for the eorre^onding benzyl compounds, because not only will the 
field over the nucleus be stronger in the former case owing to the 
proximity of the halogen atom, but also the difference between 
the distances of' the ortho- and para-positions from the directing 
atom will be relatively greater. The fact that the difference 
between the values for fluorobenzene and chlorobenzene is greater 
4e2 
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than that between the values for benzyl fluoride and benzyl chloride 
can be similarly explained, and it may also be a contributing 
circumstance that in the phenyl compounds a tendency towards 
sharing additional electrons with the nucleus (residuum of the 
tautomeric effect + T) in the order C1>F increases the disparity 
between the external fields produced by these atoms. 

These considerations, combined with conclusions previously 
reached on other grounds (Ingold and Shaw, loc, cit . ; Ingold and 
Vass, he, cit.), show that, w^hereas in regard to the tautomeric 
effect the halogens are in the order I>Br>Cl>F, they stand in 
the reverse order with respect to both their inductive and direct 
effects, and one of the most interesting problems in the chemistry 
of the benzyl halides arises in connexion with the reconciliation of 
the above analysis of their nuclear reactivity with the available 
data relating to their side-chain transformations. According to 
Ingold and Bothstein (this vol., p. 1217) the side-chain substitutions 
of benzene derivatives are of four types, which, for the benzyl 
halides, may be exemplified by the reactions with (1) amines, 
water, and alcohols, (2) halogens (high temperatures), (3) reducing 
agents, (4) powerful alkalis. These types, are divisible into two 
groups, since the mechanism of the reactions of which (2) is an 
example may be regarded as a variant of that of the reactions of 

category (1) : the latter involve the ionisation CgH 5 *CH 2 }X (X = 
halogen). Similarly, reactions of type (4) proceed by a mechanism 
closely allied to that which obtains in class (3), and these reactions 

involve the opposite process CgH 5 -CH[ 2 }X, Now, if the above 
considerations relating to the inductive and direct effects produced 
by halogens be taken as indicating the electrical states of these 
atoms, then the sequence P>Cl>Br>I should connote the order 
of negativity of halogen substituents in corresponding compounds, 
that is, the degree of pre-formation of the halide anions. It follows 
that the relative ease of reactions involving the separation of the 
halide anions should accord with the above sequence, and the 
facility of those which require the separation of a real or potential 
halous kation should follow the opposite order. There exists much 
evidence indicating that the latter statement corresponds to reality 
so far as concerns the three previously-known benzyl halides and 
we have shown that benzyl fluoride falls into the sequence, since, 
under conditions in which benzyl chloride is reduced [reaction (3)], 
the fluoride remains unaffected, and furthermore, the conversion 
of the fluoride into benzyl ethyl ether by treatment with sodium 
ethoxide [reaction (4)] is much more difficult to bring about than 
is the corresponding reaction of the chloride. On the other hand. 
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general experience shows that benzyl iodide and bromide are more 
reactive towards tertiary bases and acid hydrolytic and alcoholytic 
agents than is the chloride, and we have shown that benzyl fluoride 
reacts with trimethylamine and with ethyl alcohol much less readily 
than does benzyl chloride. Thus it appears that in reactions 
requiring the separation of a halide anion, the reactivities of the 
benzyl halides are in the opposite order to that which might be 
expected from a consideration of the influences of halogens on 
nuclear aromatic substitutions, and we are therefore compelled to 
suppose that the primary condition affecting the reactivity of the 
halogen substituents themselves is not so much the average or 
actual electrical condition of these atoms, but rather the extent to 
which they art cajpable of temporary electrical polarisation by the 
external fields of reagent molecules ; in other words, the funda- 
mental condition is the magnitude of the restoring forces brought 
into play when the electrons of the carbon-halogen lioking are 
displaced in either direction; or, again, the matter might be 
expressed in terms of energy relations, since the restoring force (/) 
referred to will be connected, through the integral to the 

critical energy increment of ionisation. It seems a reasonable 
assumption that the relative displaceability of the shared electrons 
of the four halogens in corresponding halides will run parallel with 
that of the unshared halogen electrons, and there is an accumulation 
of evidence that whilst the unshared electrons which combine most 
readily with a positive charge are those of iodine (example : form- 
ation of iodinium salts), the electrons of the outer shell of iodine 
are also those which are most easily displaced by a combining 
anion (example : hydrolysis of jj-iodoxynitrobenzene). Combining 
this evidence with facts such as those underlying Fajan’s theory of 
covalencgr formation and Sidgwick’s theory of the production of 
higher groui>s of valency electrons, it is but a short step to the 
inference that the shared halogen electrons in correspondii^ 
halogenohydrocarbons are most easily displaced in both directions 
in the case of the iodo-derivative and least easily in the case of the 
fluoride. Thus the probable order of decreasing restoring forces is 
F, 01, Br, I, and this is the sequence required to account for the 
observations referred to above relating to the side-chain reactivity 
of the benzyl halides. 

One consequence of the assumption that it is the external 
molecular fields of adjacent reagent molecules which polarise the 
carbon-halogen linking sufficiently to lead to side-chain substitu- 
tions of benzyl halides is that reagents of many kinds, including 

* This statement may be expected to apply with a considerable degree of 
generality to substituents in carbon compoimds. • 
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those which are employed for nuclear substitutions, must (since 
they will also possess external molecular fields) bring about similar, 
if smaller, temporary electron displacements in the side chain. 
Concerning the effect of these side-chain polarisations on the result 
of. nuclear substitution, it will be obvious that everything must 
depend on their duration, and the fact that a change of reagent 
has little influence on the proportions of the nuclear substitution 
products (provided that covalency formation does not take place 
between the side chain and the reagent) shows that the duration 
of the side-chain polarisations must be small. Nevertheless we 
believe that the cause here indicated is one of the principal factors 
which contribute to the small differences which have been observed 
in the proportions of nuclear substitutions by different reagents, 
and we deduce that the nuclear substitution of an iodo-compound 
should be more sensitive to a change of reagent than that of the 
corresponding bromo-derivative, and so forth (I>Br>Gl>F). 
Thus the interesting distinction between the state of polarisation 
and the polarisability of the halogens and other substituents should 
be capable of independent investigation along these lines. 

Expeeimbntal. 

Preparaii&n of Benzyl Fluoride . — ^Benzyl chloride (60 c.c.) and a 
33% solution of trimethylamine in ethyl alcohol (120 c.c.) were 
mixed in an open flask at the ordinary temperature and the mixture 
was shaken and cooled externally as long as was necessary to 
prevent the temperature from rising above 40® (about 15 mins.). 
A further 60 c.c, of benzyl chloride and 120 c.c. of trimethylamine 
solution were then added and the action was regulated as before. 
The flask was thereafter closed with a drying tube, kept for 1 hour, 
and heated at 46® for several hours (usually over-night) to complete 
the reaction. About 2 1. of diy ether were added and the hygro- 
scopic benzyltrimethylammonium chloride was rapidly collected, 
washed with ether, and dissolved in water. The solution was 
treated (stirring) with a suspension of excess of silver oxide and 
filtered. The combined filtrate and washings were neutralised with 
20% hydrofluoric acid and evaporated on the steam-bath to a 
viscous syrup. A third of the syrup thus obtained was distilled in a 
water-pump vacuum from a water-bath until the crystals of benzyl- 
trimethylammonium fluoride, at first transparent, had dried and 
become opaque through efflorescence, and then with a free flame 
(the better to control frothing), through an ice- water condenser, 
into 400 c.c. of 10% hydrochloric acid cooled below 0®, in which 
the benzyl fluoride collected as an oil. A tower containing a small 
amount of hydrochloric acid cooled below 0® i^rved to scrub a 
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further small quantity of benzyl fluoride from the methyl fluoride 
which passed into the pump. After the remainder of the syrup 
had been similarly distilled in two portions into the same receiver, 
the oil in this and the scrubber was extracted with ether, and the 
extract washed three times with 10% hydrochloric acid and twice 
with aqueous sodium hydrogen carbonate, and dried with sodium 
sulphate. The residue which remained after removal of the ether 
gave (a) 4 g. of distillate, b. p. up to 69°/65 mm. ; (6) 54 g., b. p. 
69 — 71®/65 — 66 mm.; (c) 4 g., b. p. 71 — 77°/65 — 66 mm.; and 
(d) about 4 g. of a yellow, less volatile residue. Eedistillation of 
fractions (a) and (c) augmented (6) to 60 g. The hydrochloric acid 
solution was evaporated to a paste, which was distilled with con- 
centrated aqueous potassium hydroxide to expel the trimethyl- 
amine ; this was dried, collected in alcohol, and used again. The 
benzyldhnethylamine which remained as an oil was also recovered 
for use in the following method. 

The recovered benzyldimethylamine was treated with the theo- 
retical quantity of benzyl bromide, about half of which was intro- 
duced slowly with shaking and external cooling. Just before the 
mass became inconveniently viscous the remainder was added 
quickly, the reaction then proceeding rapidly to completion with 
a large evolution of heat. The crystalline dibenzyldimethyl- 
ammonium bromide was, without purMication, converted into the 
hydroxide and thence into the fluoride, which was decomposed by 
distillation as in the first method (yield, about 60%). The recovered 
bases consisted of benzyldimethylamine and dibenzylmethyiainine. 
The former on treatment with benzyl bromide, and the latter on 
treatment with methyl iodide, yielded quaternary salts from which 
a further stock of dibenzyldimethylammonium fluoride, and thence 
of benzyl fluoride, was obtained. 

Gram-molecular quantities of tribenzylamine and methyl iodide 
were kept in a sealed flask at 45° (in a thermostat) for 10 days. 
The sparingly soluble tribenzylmethylammonium iodide was finely 
ground and well-stirred for 16 hours with 4*5 1. of an aqueous 
suspension of silver oxide at 80—90°. The hydroxide was con- 
verted into the fluoride, which was decomposed in the usual way, 
yielding 35 g. of benzyl fluoride. Dibenzylmethylamine and some 
tribenzylamine were recovered and used again. 

Physical properties. The benzyl fiiwride (Found : C, 76*3 ; H, 
6*3. C7H7F requires C, 76*4 ; H, 6*4%) prepared by these methods 
is a colourless mobile liquid, which does not fume in air and is not 
lachrymatory. On cooling, it sets to a mass of white needles, 
m. p. — 36° (unoorr.), and the b. p.’s observed during the prepaas 
ation were 40 — 40*5°/i4 mm., 56 — 56°/30 — 30*6 mm.^ 



2258 


UTGOLD AJSTD INGOLD : THE NATURE OF THE 


66 mm., 86— 86°/118— 119 mm., 100— 100*57244r-246 mm., 139— 
140®/or(iiiiary pressure (all izncorr.). For more precise physical 
characterisation a sample boiling TOthin a range of 1° was further 
purified by distillation, controlled by m. p. determinations. After 
the first distillation the m. p.’s were as follows : first, 20%, — 36-5® ; 
middle, 60%, — 35*5®; last, 20%, — 37-5°. The middle fraction, 
on redistillation, gave a head fraction, m. p. — 35°, a main fraction, 
m. p. — - 35°, and a tail fraction, m. p. — 36®. The main fraction 
on distillation gave only fractions having m. p. — 35® (corr.). The 
b. p. was 139'8®/753 mm. (corr.), which corresponds to 139*9° /760 mm. 
(corr.) if the small correction to standard pressure is made by means 
of the approximate vapour-pressure observations recorded above. 
The purified sample was used for the determinations of density and 
refractive index recorded on p. 2250, and for tracing the curve of 
extinction eoefificients shown in the diagram. The toluene required 
for the former observations was carefully purified by freezing. 
The absorption curve is plotted from about 60 comparison photo- 
graphs taken with a polarisation-photometer by Bellingham and 
Stanley, Ltd., and a spectrometer giving a dispersion at the plate 
of 80 A.U. per cm. at X 2500. 

Action of Sulphuric Aeid^ Hydrofluoric Acid^ and Certain Kinds 
of Olms . — ^Benzyl fluoride readily loses hydrogen fluoride under 
certain conditions and passes into a hydrocarbon, or mixture of 
hydrocarbons When the liquid is touched with a rod 

moistened with concentrated sulphuric acid, a violent reaction sets 
in and rapidly spreads throughout the mass, much heat being 
generated and hydrogen fluoride copiously evolved. The product 
is an opaque wMte glass. It is sparingly soluble in alcohol and 
moderately easily soluble in benzene; but it could neither be 
distilled nor crystallised. It contained not more than a trace of 
fluorine, and analysis indicated the empirical composition C^Hg, 
although the molecular weight is undoubtedly’ high. A similar 
product is obtained when benzyl fluoride is left in contact with 
concentrated hydrofluoric acid in a platinum vessel, but hydrochloric 
and nitric acids do not appear to induce the decomposition. 

An identical, or closely similar, product, also giving analytical 
results in accordance with the formula (C 7 Hg)ar, is obtained when 
benzyl fluoride decomposes spontaneously in glass vessels. The 
reaction, winch may develop with almost explosive violence, appears 
commence at the glass surface. In the earlier experiments it 
frequently occurred during distillation, -commencing in the side 
tube, with etching of the glass, and spreading backwards into the 
distilling flask- The action seems to be autocatalytic, and when 
the pure stable liquid is deliberately contaminated with a trace of 
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a decomposing specimen the whole decomposes even in platinum. 
The kind of glass is an important factor, and no losses have so far 
occurred when Jena glass vessels have been used for distillation. 
For storage, moxdded bottles of uncertain history are to be avoided ; 
the pure fluoride has, however, been kept for months without any 
sign of deterioration in Wood Bros.’ flasks and Parkes’ test-tubes. 

Adtion of Potassium CarboTiate. — ^Benzyl fluoride (11 g.) was boiled 
for 6 hours with 400 c.c. of 10% potassium carbonate solution; 
the product on distillation 3nelded 4*4 g. of recovered benzyl fluoride, 
b. p. 137 — 142°, 3*4 g. of benzyl alcohol, b. p. 200 — ^208°, and an 
intermediate fraction containing both. Benzyl chloride (12*5 g.), 
treated similarly, yielded only benzyl alcohol. 

Action of Zhic and Alcohol. — ^According to Tommasi (JSer., 1874, 
7, 826) benzyl chloride, on boiling with zinc dust and ethyl alcohol, 
is reduced to toluene. We have confirmed this, but find that 
benzyl ethyl ether is also formed. Benzyl fluoride (11 g.) on similar 
treatment yielded neither toluene nor benzyl ethyl ether in significant 
quantities, and over 90% was recovered unaltered. 

Adion of Alcoholic Trimethylamine. — ^Benzyl chloride readily 
reacts with 33% ethyl-alcoholic trimethylamine and combination 
is complete when a mixture of the theoretical quantities has been 
kept at about 46° for 3 hours. A mixture of benzyl fluoride and 
33% alcoholic trimethylamine in the correct proportion was kept 
at 44° for 20 hours. The product, on being poured into water and 
extracted with ligroin, gave back 80% of the original benzyl fluoride, 
b. p. 138 — 140°. The aqueous solution was evaporated until it 
was neutral; the quaternary base was then precipitated as its 
picrate (m. p. and mixed m. p. with genuine benzyltrimethyl- 
ammonium picrate, 169 — 170°). The yield was 6%, and since the 
picrate is very sparingly soluble, it is probable that this approxim- 
ately represents the proportion of quaternary salt formed under 
the conditions used. 

Adion of Sodium Ethoxide. — ^Benzyl chloride and sodium ethoxide 
react quantitatively and immediately at the boiling point of alcohol. 
Benzyl fluoride (11 g.) was boiled for 1 hour with a solution of 
sodium ethoxide prepared from 2*3 g. of sodium and 24 g. of ethyl 
alcohol. The product yielded unaltered benzyl fluoride (3*1 g., 
b. p, 139 — 144°), benzyl ethyl ether (2*2 g., b. p. 185 — 190°), and an 
intermediate fraction which contained a considerable amount of 
benzyl fluoride (sulphuric acid test). 

Nitration. — rFreshly distilled, absolute nitric acid (6*3 g.), freed 
from nitrous acid, was slowly mixed with acetic anhydride (16 g.) 
at 5°. After warming the solution to 26°, benzyl fluoride (11*0 g.) 
was added. . Nitration proceeded at a convenient velocity, between 
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26® and 30®, and was controlled by cooling the mixture to 25® as 
often as the temperature mounted to 30®. When this ceased to 
occur, the flask was placed in a thermostat at 25® for 6 hours, 
after which its contents were shaken with ice and water to destroy 
the acetic anhydride. The straw-coloured oil was extracted with 
benzene, washed six times with water, which removed a trace of 
yellow dye, and once with aqueous sodium hydrogen carbonate, 
and dried with sodium sulphate. The benzene and any excess of 
benzyl fluoride were removed at 40 — 60°/14 mm. by a slow stream 
of dry air, and the nitration product was distilled under about 
0*1 mm.; only an insignificant residue remained. The distillate 
(Expt. 1) had nf 1-5386 (Found: C, 64-3; H, 3-8. Calc.; C, 
54-2; H, 3-8%). The last few drops, collected separately, had 
1-5390, proving the absence of dinitration products. The 
corresponding figures for the product of Expt. 2 were 1-5382; 
C, 54-2 ; H, 3-9% ; and for the last drops of the distillate, 1-5388. 

These products partly crystallised at 0® and appeared to be 
wholly solid at — 33®. That obtained from Expt. 1 was filtered 
off at the temperature of ice (solid = A^), again at that of liquid 
sulphur dioxide (solid = B^), and again in an ice-salt mixture 
(soM = Gi\ liquid = Di), The product of Expt. 2 was similarly 
treated, the filtration at 0®, however, being omitted (fractions Bg, 
Cg, Bg). Fractions A^, Bj, and Bg remained solid at the ordinary 
temperature and on crystallisation from ether-ligroin below 0® 
yielded long, colourless needles, m. p. 38-5?, of pure j^’nitrobenzyl 
fluoride (Found; C, 64-4; H, 3-9. C^HgOgNF requires C, 54-2; 
Hj 3-8%), since oxidation with alkaline permanganate under the 
standard conditions described below yielded p-nitrobenzoic acid 
(m. p. 230 — ^233® unpuiified, mixed m. p. 233 — ^234®). Fractions 
Cl and Bi, which were liquid at the ordinary temperature, were 
drained on porcelain at the temperature of liquid ammonia (Ci' 
and Bj') ; and fractions Cg and Bg were crystallised from ligroin 
containing a trace of ether at about — 40®, whereby, as was shown 
by oxidation, the o-nitro-compound was concentrated in the former 
(CgO and the ^w-derivative in the latter (Bg'), so that these isomerides, 
although they could not be completely purified, were obviously 
produced in significant quantities. 

For the estimation of the isomerides the mixed mononitro- 
derivatives were converted into the nitrohenzoic acids, which were 
estimated by separation (Baker and Ingold, J., 1926, 2462) and 
also by Baker’s adaptation (J,, 1927, 565) of Hollemau’s solubility 
methcMi. Both methods were again standardised by application 
to artificial mixtures. The method of oxidation was different from 
those formerly employed, which proved unsatisfactory ; the new 
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method depended on the formation of nitrobenzyl alcohok which 
were rapidly oxidised with permanganate of low concentration. 
Conversions of about 90%, reproducible to 1%, were obtained, and 
deviations in the conversions of the individual isomerides were 
corrected for (Ingold, Ingold, and Shaw, J., 1927, 813). 

The nitration product (Expt. 3 : wg* 1«6387; C, 54*3; H, 3*9%) 
was boiled with 50 parts of 10% aqueous potassium carbonate, and 
an equal volume of the same solution containing 3% of potassium 
permanganate was added in 75 equal parts at such a rate as to keep 
pace with the decolorisation as exactly as possible. The acids 
were isolated in 89*4% yield in the usual way (M by titration, 
167*2; benzoic acid by sublimation, nil), and on separation gave 
55*0% of jp-nitrobenzoic acid, m, p. 234 — unpurified, mixed 
m. p. 235 — ^236®, and 17*6% of m-nitrobenzoic acid, m. p. 133 — 137®, 
mixed m. p. 138 — 140°, the recorded yields being corrected for the 
solubility of the p-acid in chloroform and of the w-barium salt in 
water. The yield of crude o-aoid, m. p. 130 — 140® (containing 
m-acid), brought the total recovery to 99*7%, For the deter- 
mination of the ^»-isomeride (18*0%) by solubility it was necessary 
to extend the reference curve given by Baker (Zoc. ciL) and the 
following additional determinations were made : 

Meta added (mg.) 70*1 107*1 133*9 162*3 164*9 

Meta foimd (mg.) 74*7 126*0 168*7 190*8 191*8 

Fraction oxidised imder the standard conditions gave nitro- 
benzoic acids in 89*0% yield (M by titration, 166*7 ; benzoic acid, 
nil), which on separation yielded 42*3% of _p-nitrobenzoio acid, 
m, p. 231 — 234®, mixed m. p. 234 — ^235®. The proportion of m-acid 
was determined by the solubiKty method to be 2*7%. Fraction 
Cg' yielded 88*8% of mixed nitrobenzoic acids, which on separation 
gave 29*2% of ^-nitrobenzoic acid; the proportion of m-nitro- 
benzoic acid, determined by solubility, was zero. Fraction 
gave 90*9% of mixed acids {M, 167*3; benzoic acid, nil), which 
on separation yielded 14*5% of jp-nitrobenzoic acid, m. p. 230 — ^232®, 
mixed m. p. 232 — ^234®, and 47*8% of m-nitrobenzoic acid, m. p. 
131—136®, mixed m. p. 136 — ^139®; the figure 47*8% was also 
obtained by the solubility method. Fraction yielded 91*2% 
of mixed acids, which on separation gave 8*0% of ^-nitrobenzoic 
acid, m. p. 229 — ^233°, mixed m. p. 230 — ^234° ; the proportion of 
w-nitrobenzoic acid was found by the solubility method to be 
65*1%. p-Hfitrobenzyl fluoride gave nitrobenzoic acid in 89*6, 
90*0% yields. The mean conversions are calculated to be ortho 
-88*4%, meta 92*9%, para 89*8%, and hence the proportions of 
0 -, «a-, and p-nitrobenzyl fluorides are : ortho 27*9%, meta 17*1%, 
para 55*0% (separation), meta 17*6% (solubility), Expts, 4,- 6, 
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aad 6 were carried, out in like manner and the results are included 
in the following table : 


Kiirobenzoic acids. Nitrobenzyl fluorides. 

^.r— - ^ ^ ^ 

Conver- Separation. Solu- Separation. 

Nitra- sioninto ^ s bility. Solubility, 

tion acids Para Meta Meta Ortho Meta Para Meta 

No. {%). (%). (%). {%). (%). (%). (%). (%). 

3 89-4 55-0 17*6 18*0 27-9 17-1 55*0 17*5 

4 89-6 64-0 18*2 18-1 28-4 17-6 64*0 17-5 

5 89-0 64-1 17*9 18-4 28*4 17-4 64-2 17-9 

6 90*1 54*5 17*5 17-9 28*5 17-0 54-5 17-5 

Mean 2B S IT-S 54-4 17^6 


Distillation of and j^~Nitrcbenzyltrimethylammonium Flnor- 

ides , — ^-Nitrobenzyltrimethylammomum fluoride, which was pre- 
pared from p-uitrobenzyl chloride and trimethylamine via the 
quaternary chloride and hydroxide, yielded a crystalline neutral 
distillate when a water-pump was used, and a solid, together with 
an oil which contained combined fluorine, when the distillation 
was conducted with an oil-pump-backed two-stage dbGfusion pump 
and a charcoal-liquid-air trap. In each case the solid proved to 
be p-nitrobenzaldehyde (Found : C, 65-8 ; H, 3*6. Calc. : C, 56-6 ; 
H, 3-3%). In the vacuum of the diffusion pump the o- and m-nitro- 
salts gave oily distillates, from which aqueous semicarbazide acetate 
at once precipitated the semicarbazones of o- and w-nitrobenz- 
aldehydes. In each case a very small amount of an oil containing 
fluorine was obtained by washing the crude semicarbazones with a 
mixture of equal parts of ether and ligroin. Energetic decom- 
position with charring occurred under all conditions and effective 
control could not be maintained. 

The Uhivbhsxty, Leeds. [iZeceivee^, June 13^, 1928.] 


CGXCIV . — The Nature of the Alternating Effect in 
Carbon Chains. Pari XXIX. Further Experi- 
menis bearing on the Problem of the Ortho-Pa/ra 
Baiio in Aromatic Substitution. 

By Chbistopheb TC-bt.w Ingou) and CffABiiKS Cyril Nobbey 

Vass. 

Ih a previous paper (this vol., p. 417) we developed the hypothreis 
that the principal polar orienting influence determining the ortho- 
para ratio in aromatic substitution arises from the external 
field of the substituent or substituents already present (direct 
effect, D), although sterie inhibition and the occurrence of special 
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mechanisms may modify the situation in certain cases (Ann. Reports, 
1926, 23, 140). The experimental test then applied consisted in a 
comparison of the orienting effects of fluorine and chlorine in 
p-fluorochlorobenzene and o-fluoroohlorobenzene ; for the (negative) 
direct effects due to fluorine and chlorine are expected to be large 
and in the order F>C1. It followed that, whereas in the p-com- 
pound, in which the direct effect assists the other polar factors, the 
relative control of nitration by the two halogens should follow the 
order Cl> F (Found : Direction by d/Direction by F = 72%/28%), 
in the case of the o-compound, in which the direct effect acts in 
opposition to the other influences, the order might be reversed 
(Found : Direction by d/Direction by F = 21%/79%). 

Since the difference between the direct effects of fluorine and 
bromine should be greater than that between fluorine and chlorine, 
our attention was attracted (he, cit,, footnote) to some recent papers 
by Hove (BuU. Acad, roy, Belg,, 1926, 12, 801, 823; Bull. Soe. 
chim, Belg,, 1927, 361) in which it is shown that p-fluorobromo- 
benzene on nitration in a large excess of sulphuric acid or in fuming 
sulphuric acid gave (although not in good yield) a product con- 
taining more than 40% of the o-fluoronitro-isomeride. In spite of 
the unsatisfactory yields this proportion appears to be definitely 
too high to be adequately accounted for on the Hnes indicated in 
our previous paper ; but, having regard to the conditions employed 
by Hove in his nitrations, the considerations advanced by Ingold 
and Ingold (preceding paper) relating to the influence of media on 
orienting effects appeared to offer a possible basis for the explanation 
of Hove’s result. According to this view, the external fields of 
reagent and solvent molecules are assumed to effect some degree 
of polarisation of the directing atom, and, if the o-p-substitution 
of the halogenobenzenes be regarded as evidence of the afSnity of 
the unshared halogen electrons for a positive charge (tautomeric 
effect, + T), there can be little doubt that it would be the positive 
ends of dipolar solvent molecules which would be oriented towards 
the halogen. It need not be supposed, even when concentrated 
sulphuric acid is in contact with a halogen compound, that the 
formation of a real salt takes place, for Baker has shown in an 
independent series of observations (this vol., p. 1586) that it is 
possible experimentally to draw a clear distinction between the 
electrostriotion of acids by weak bases and actual salt-formation 
involving co-ordination of the proton; at the same time he has 
proved iiiat the polarising effect of the condition which may be 
described as incipient salt-formation is very considerable. Further- 
more, turning again to the tautomeric effect in the substituMoin of 
the halogenobenzenes and to the indications afforded by 
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and Shaw*s investigation of the relative velocity of these reactions 
( J., 1927, 2918), it is to be expected that the affinity of the unshared 
halogen electrons for a positive field will be in the order 
I>Br>Cl>F, and^ ceteris paribm, that this order will therefore 
represent the effect of strong acids in polarising, and thus 
diminishing the op-orienting power of, halogen atoms* Finally, 
analogy with the nitration of acetanilide, in which the addition of 
sulphuric acid leads to the formation of appreciable quantities of 
the 3»-derivative, and also causes a marked rise in the ratio para/ 
|ortho (Noelting and Collin, Ber., 1884, 17, 262 ; Holleman, Hartogs, 
and van der Linden, Ber., 1911, 44, 704), suggests that sulphuric 
acid produces particularly powerful medium-effects in substitutions 
oriented by substituent atoms containing unshared valency electrons. 

Thus in Hove’s experiments all the conditions calculated to 
produce an anomalous result are present, but it appeared impossible 
directly to test this view of the situation by further study of the 
nitration of p-fluorobromobenzene because Hove was unable to 
^tablish satisfactory conditions for this reaction in the absence of 
an excess of sulphuric acid. We have therefore sought for evidence 
of the medium-effect in the analogous case of p-fluorochlorobenzene 
and have studied the effect of varying quantities of sulphuric and 
fuming sulphuric acids on the proportions in which the isomerides 
are formed. In the nitration of this substance the effect of the 
medium would be expected to be smaller than in p-fluorobromo- 
benzene ; nevertheless, it should be in the same direction and the 
addition of excess of acid shotild increase the proportion of the 
o-fluoronitro-compound {C!l>F), 

That this is indeed the case is evident from the following figures : 

Mols. ** 

Mols. H2SO4 x^r mol. SOs per mol. 

HNO^, BQSO^. 

0 00 0-67 0'86 3-00 6-00 0-38 0-64 1-87 

iiO-S 24-1 24-5 25*0 26-5 27-8 28-9 30-0 

26-2 31-8 32-5 33-3 34-2 38-4 40-6 42 9 

It will be seen that by the addition of sulphuric acid the pro- 

portion of 1 ; 2 : 4-coinpound relatively to its isomeride has been 
increased by 31%, and that the addition of fuming sulphuric acid 
caused an increase of 64%. These results not only furnish a sufficient 
explanation of Hove’s observations, but also suggest that in the 
nitration of the monohalogenohenzenes the addition of sulphuric 
acid should increase, the ratio para/^ortho, and that this combined 
illustration of the operation of the direct effect and the polarising 


(2)N03 

(1)F<^^^^1(4)(%) 

1: 2: 4-isomeride „ 
1:3: 4-isomeride 
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influence of solvent molecules should become increasingly marked 
with increasing atomic weight of the halogen. It is proposed to 
test these deductions. 


Experimental. 

■p-Flmrochlorobenzene and its Nitro-derivatives. — jp-Fluoroaniliiie 
(25 g.), prepared from 55 -fluoronitrobenzene (Ingold and Vass, loc, 
cit), was diazotised at — 5® to 0® in solution in hydrochloric acid 
(175 c.c. of d 1*15; ice, 50 g.) with a concentrated solution of 
sodium nitrite. The solution was saturated with hydrogen chloride 
at 0 ®, treated with precipitated copper (20 g.) under reflux, and 
distilled in steam. The p-fluorochlorobenzene (yield, 66 %), which 
was extracted with ether from the basified distillate and dried 
with phosphoric oxide, had b. p. 129 — 130® (compare Swarts, Bsc, 
trav, chim., 1915, 36, 131). 

2-nuoro-5-ohloronitrobenzene was prepared from j^-fluoroaniline 
by nitration in sulphuric acid solution (HoUeman, Rec. trav. chim,, 
1906, 24, 29) and subsequent replacement of the amino-group by 
chlorine (Swarts, he, cit.), 5-I’iuoro-2-chloronitrobenzene was pre- 
pared by an analogous series of reactions from p-fluoroacetanilide 
(Swarts, he. cit,). 

Nitration of 'p-flmrocMorobenzene. The nitration of this substance 
in nitric acid alone was studied by Swarts, whose quantitative 
results differ to some extent from those obtained by us. Swarts 
analysed his nitration product by two. methods. Krst, ordinary 
thermal analysis indicated the presence of 27'75% of the o-fluoro- 
nitro-compound (Eound by us, 20*8%) ; but a re-plot of Swarts’s 
data connecting the f. p.’s of mixtures of the isomerides shows a 
marked deflexion in the neighbourhood of the composition of the 
nitration mixture. Since this deflexion depends only on one 
observation by Swarts, and since, furthermore, we have been quite 
unable to confirm it, it is probable that Swarts’s figures require 
revision. Secondly, Swarts treated his nitration mixture with 
sodium methoxide under conditions in which, according to his 
observations, the o-fluoronitro-compound reacts completely and 
the o-chloronitro-compoimd is unaffected; the figure obtained by 
this method, namely, 27-78% of o-fluoronitro-compound, is in 
remarkably good agreement with the result of thermoanalysis. 
Our observations show, on the contrary, that neither under the 
conditions described by Swarts nor under any others that we have 
been able to discover is it possible to obtain a quantitative decom- 
position of one isomeride and a complete absence of any decom- 
position of the other; under the conditions described I 
Swarts, 5 -fluoro- 2 -chloroniteobenzene underwent hydrolysis to 
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extent of 11-6 — 12-8% (see Table IV). BYom these observations it 
appears that it is impossible to analyse the nitration product by 
this method, and that the agreement obtained by Swarts was 
fortuitous. 

The conditions under which the various nitrations were carried 
out are recorded in Table I. In all experiments the temperature 
was — 15° to —10°. The isolation of the product was effected by 
the method previously described for o-fiuorochlorobenzene (Ingold 
and Vass, foe. cit,). The synthesised isomerides were isolated and 
purified by a similar process. The freezing points recorded in 
Tables I, 11, and III are uncorrected, but were determined under 
identical conditions with the same apparatus. In order to control 
possible changes of composition during isolation, the material, after 
the f.-p. determination, was redissolved in nitric acid and the 
isolation repeated, with the result that the f . p. remained unaltered 
to within Od°. Furthermore, as a check on the binary character 
of the nitration products, some of these were mixed with known 
proportions of the pure isomerides and the f. p.’s of the mixtures 
were compared with the f . p.-composition curve. 

Table I. 


'Bxpt. 

Yield of 
nitration 
product 

Yield of 
4-chloro- 
2 -nitro- 
phenol 

HNOa 

(mols. 

HjSO* 

“Free” 

SO 3 


2-Fluoro- 

5*chloro- 

nitro- 

benzene 

(%). 

(%}. 

excess). 

(mols.). 

(mols.). 

F. p. 

(%). 

1,2 

92 

1-4 

3-6 

— 

— 

26-8® 

20-7 

3,4 

94 

2-6 

2-2 

i — 


26-6 

21-0 

8 

95 

0-4 

1-7 

1-8 

— 

25-0 

24-1 

7 

95 

0-5 

2-5 

3-0 

— 

24-85 

24-6 

5 

99 

— 


3-0 

— 

24-6 

25-0 

6 

100 

— 

— 

6-0 

— 

24-3 

25-5 

9 

100 

— 

— 

2-6 

0-85 

23-2 

27-6 

10 

90* 

— 

— 

6-2 

1-7 

23-0 

28*0 

14 

100 

— 

— 

3-3 

2-1 

22-6 

28*9 

11, 12, 13 

100 

— — 1*6 2-8 

* Accidental mechanical loss. 

22-0 

30-0 


Table n. 


Freezing Points of Mixtures of 2~Flvxyro-5~ehloromtrcbenzem (p) and 
6-Flw»ro^2-cMoronUrobenzene. 




19-80 

22-29 

22-78 

24-52 

24-79 

26-21 

35*90® 

ST-SO® 

26-00® 

26*20® 

24*70® 

24*60® 

24-20‘ 


28*53 

29-26 

32-53 

33*65 

35*77 

37-94 


22-50® 

22 - 20 ® 

20-80® 

19*00® 

19*00® 

18-00' 


42-80 

61-47 

89-40 

100*00 




13-20® 

1-80® 

3-00® 

8 - 00 ® 
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Table III, 

lUustra^mg Binary Character of Nitration Mixtures. 

a = composition from f.-p. curve. Percentage of 2-fl.uoro-5-chloronitro* 
benzene. 

b = new compositions calc, from original f. p. and weights of isomerides 
added. Percentage of 2-fluoro-5-cliloronitrobenzene. 


Expt, 

Original 
f. p. 


6. 

New f. p. 
found. 

New f. p. 
from curve. 

2 

26-8® 

20-7 

17*8 

28-1® 

28*2® 

6 

24*3 

26*6 

29-2 . 

22-5 

22-6 




36-3 

18'3 

18-6 



Table IV. 




Decomposition of the Fluorochloroniirobemenes with MethyUcdcohoUc 


Sodium Methoxide. 

Total 

halide Chloride 


Isomeride or mixture. 

Weight 

(g.). 

Temp. 

Con- ions 
ditions. formed.* 

ions 

formed.t 

5-Iluoro-2-chloronitrobenzene 

5-8662 

25® 

SwartsJ 

,, 

12-13 

Not 


3-0196 

,, 

11-57 

deter- 


4-4123 

,, 

,, 

12-30 

mined 

2-Fluoro-6-chloromtrobenzene 

4-2242 

„ 

tf 

100-3 

0-0 

Nitration product. £xpt. 3 

5-1744 

>» 

ff 

33-16 

Not 

„ „ Expt. 4 

3-7192 

>» 

)> 

36-11 

deter- 

„ „ Expt. 2 

2-7317 

»> 

»5 

35-8 

mined 

6-Fluoro-2-chloronitrobenzene 

0-2655 

100 

Ingoldt 

Not 

86-6 

2-riuoro-6-chloronitrobenzene 

0-2011 


and 

deter- 

5-66 

Nitration product. Expt. 2 

0-2385 


Vass 

mined 

70-5 


* Measured by loss in alkalinity. t Directly estimated. 

X Loc. cit. 
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OCXCV . — Electrometric Titration Curves of Dibasic 
Acids. Part II. ^-Substituted Glutaric Acids. 

By Eiohard .Gane and Christopher TCelk Ingold. 

In Part I (this voL, p. 1594) we described a preliminary examination 
into the possibility of obtaining approximate measurements of 
the distance between the carboxyl groups of dibasic acids by 
utilising hydrogen-ion activity determinations, during neutralisation 
with a strong base, in conjunction with Bjerrum’s theory respecting 
the effect of the external field of a pole on the degree of dissociation 
of another ionising centre situated in the same molecule. It 
shown that the resxdts obtained by this method for the dii^aiRM 
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between the carboxyl groups of normal dibasic acids, are subject 
to various disturbances, of which probably the most important 
are the following : (1) the influence of solvation and electrostriction, 
which, although it interferes with quantitative accuracy, should 
not, and apparently does not, alter the order of a given series of 
related substances in respect of the dimension considered ; (2) the 
effect of internally propagated polar influences, which gives rise to 
larger anomalies the shorter the carbon chain between the carboxyl 
groups. It was found, furthermore, that the disturbances attri- 
butable to internal influences, although large in malonic acid and 
considerable in succinic acid, became small in glutaric acid and its 
higher normal homologues, and it was therefore decided to examine 
a series of substituted glutaric acids in order to ascertain whether 
the hypothesis of valency deflexion, which has hitherto been success- 
ful mainly in explaining chemical relationships, would receive 
support from physical measurements.* 

We have examined glutaric acid, two p-alkylglutaric acids, three 
pp-dialkylglutaric acids, and three related ring compounds. The 
values of the first and second electrometric dissociation constants 
and the calculated value of the apparent distance r (in Angstrom 
units) between the carboxyl groups are' shown in the following 
table : 


Substance. 

h- 

h. 

r. 

Glutaric acid 

4*60 X 10“® 

5-34 X 10-* 

9-22 

r j3-Methylglutaric acid 

5*77 X 10-® 

6-28 X 10“» 

2-27 

\p-n -Propylglutaric acid 

4-97 X 10-5 

4-32 X 10-7 

2-12 

jSjS-Dimethylglutaric acid 

2-03 X 10-^ 

6-51 X 10-7 

1-67 

)3)?-Diethylglutaric acid 

3-40 X 10-* 

7-85 X 10-« 

1-02 

,)5^-Di-»-propylglutaric acid 

2-03 X 10-* 

6-42 X 10-8 

1-01 

c^cZoPentane-l : l>diacetic acid ... 

1-68 X 10-* 

2-63 X 10-7 

1-40 

oycZoHesane-1 : 1-diacetic acid ... 

3-36 X 10“* 

1-02 X 10-7 

1-04 

e^cZoHeptane-1 : 1-diacetic acid ... 

2-78 X 10-« 

1-09 X 10-7 

MO 

The most remarkable feature presented by these data is the fact 


that the value for r for glutaric acid is so very much greater than 
for any of the substituted acids. In Part I, it was shown that the 
normal (unsubstituted) dibasic acids tend to a straight (zig-zag), 
and not a coiled, configuration, since the apparent distance between 
the carboxyl groups increases regularly by 1-73 A.U. for each 
methylene group in this series of homologues. The value 9-2 A.U, 
for glutaric acid is in keeping with this conception, and there appears 
to be no other way of explaining the much smaller values given by 

* Spiers and Thorpe (J., 1925, 127, 538) pointed out the close parallelism 
between the first dissociation constants (conductivity) of substituted ^utaric 
acids and the tendency to ring-dosure of corresponding derivatives, and this, 
therefore, is the fhst indication that valency-defiexion may manifest itself in 
physical properties. 
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the substitution products than to suppose that the presence of a 
P-substituent causes the molecule to assume the coiled configuration : 


HO2C CHa CO^H 
2 



Apart from this unexpected result, the data are in general agree- 
ment "with the valency-deflexion hypothesis in regard to both the 
sequence of the compounds and the relative magnitude of the 
differences in respect of the property under discussion. Thus the 
value for the P-propyl acid is less than that for the p-mefhyl deriv- 
ative ; the value for P-ethylglutaric acid was not determined, but it 
would be expected to approximate closely to the figure for the 
propyl compound. The distance for the gcw-dimethyl acid is, 
however, considerably less than for either of the mono-substituted 
acids, and this is in conformity both with the spatial theory of 
valency-deflexion and with the chemical evidence relating to these 
examples which has been adduced in support of it (Ingold, J., 1921, 
119, 306; 1922, 121, 2676). Again, both on theoretical grounds 
and also by analogy with chemical evidence (Deshapande and 
Thorpe, J., 1922, 121, 1430 ; Bains and Thorpe, 1923, 123, 1206), 
it would be expected that the distance for the pp-diethyl acid 
should be substantially less than for the dimethyl compound, whilst 
the valueforthe pp-di-oi-propyl derivative should be only very sKghtly 
less than for its diethyl analogue. It will be seen that the measure- 
ments bear out both these expectations, although the small recorded 
difference (0*01 A.U.) between the distances for the diethyl and 
dipropyl acids cannot be regarded as possessing quantitative 
significance. 

According to the elementary form of the deflexion hypothesis, the 
distance r for c^cfopentanediacetic acid would be expected to be 
slightly greater than that for the g^gm-dimethyl analogue ; chemical 
evidence, however, indicates that it might be slightly smaller 
(Becker and Thorpe, J., 1920, 117, 1579), and it would be possible 
to reconcile this discrepancy by means of a minor modification of 
the theory, provided that the value for the cydopentane acid is 
definitely greater than that for its open-chain analogue having the 
same number of carbon atoms, viz.y the diethyl acid. The data now 
recorded show that the distance for the c^^cZopentane acid is actually 
slightly less than that for the ^em-dimethyl acid, in agreement with 
the chemical indications, and is considerably greater than that for 
the grem-diethyl acid as theory requires. GHie distance for &e 
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cycfohexane acid should, of course, be less than for either the gem^ 
dimethyl or the cycZopentane acid (Beesley, Ingold, and Thorpe, 
J., 1915, 107, 1080), and the measurements illustrate this. Finally, 
according to Baker and Ingold’s conception (J., 1923, 123, 122) of 
the influence of large rings in producing valency-deflexion, the value 
for cycZoheptanediacetic acid should be between the values for the 
c^cZohexane and cj/cZopentane acids, since the maximum deflexion 
occurs with cycZohexane. This also is shown by the data now sub- 
mitted, and corresponds with the evidence already obtained by the 
study of ^iro-compounds (idem, ibidr, Baker, J., 1925, 127, 
1678). 

In conclusion, then, it may be stated that the measurements 
here recorded justify the suggestion of Ingold and Thorpe (this voL, 
p. 1318) that a study of the dissociation constants of P-substituted 
glutaric acids would confirm all the main features of the hypothesis 
of valency-deflexion by means of which for some 13 years past they 
have interpreted chemical relationships. Furthermore, it wiU be 
seen that where unexpected chemical observations have suggested 
modifications of the original hypothesis, the physical measurements 
confirm the modifications. 


EXPERIMENTAIi. 

The substituted glutaric acids were prepared by known methods 
and carefully purified* by repeated crystallisations before use. 
The hydrogen potential measurements were carried out and stan- 
dardised and the results calculated exactly as described in Part I, 
and in this connexion we have again to thank Messrs. W. R. Atkin 
and F. C. Thompson for the loan of their apparatus. The temper- 
ature was in all cases 25°. 

^•Methylglutaric CLcid. Original concentration 0-00675Jf; NaOH 
equivalent to 0-002667 g. Na’/c.c.; equivalent titre 18-15 c.c. 


Titre. 

Ph* 

Titre. 

Ph- 

Titre. 

PB- 

Titre. 

Ph. 

0-00 

3-253 

4-97 

4-199 

11-53 

5-029 

16-65 

5-929 

0-34 

3-361 

5-88 

4-333 

12-56 

5-164 

17-24 

6-169 

0-77 

3-442 

6-76 

4-446 

13-50 

5-291 

17-59 

6-392 

M4 

3-531 

7-62 

4-550 

14-40 

6*432 

17-89 

6-764 

1-71 

3-658 

8-55 

4-664 

14-99 

5-533 

18-03 

7-083 

2-28 

3-773 

9-50 

4-772 

15-53 

5-636 

18-08 

7*269 

3-06 

3-913 

10-52 

4-905 

16-09 

5-767 

18-10 

7-684 


3-99 4-058 

* Since acids, which appear pure as judged by ordinary standards, may 
contidn a non-acidic impurity which “poisons” the electrodes, causing 
instability in the null-points, it is desirable to include washing the sodium 
salts with acetone in the scheme of purifcation. 
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^-n-Propylghdaric acid. 'Original concentration 0-004768Jlf; 
NaOH equivalent to 0-002667 g. Na'/c.c. ; equivalent titre 12-82 o.c. 


Titre . 

PK- 

Titre . 

Ph* 

Titre . 

Pk- 

Titre . 

ps.^ 

0-00 

3*331 

2*98 

4*188 

7*01 

4*947 

10*70 

5*713 

0-31 

3*450 

3*61 

4*320 

7-60 

5*056 

11*24 

5*875 

0*74 

3*599 

4*24 

4*440 

8*24 

5*177 

11*65 

6*037 

1*26 

3*764 

5*08 

4*598 

8*88 

5*301 

12*02 

6*223 

1*82 

3-920 

5*63 

4*696 

9*51 

5*430 

12*42 

6*535 

2*46 

4*071 

6*31 

4*821 

10*10 

5*557 

12*66 

6*912 

^^-DiTnethylghiiaric 

acid. Original concentration 0*007993-3f: 

NaOH equivalent to 0*002567 g. Na7c.c. ; 

equivalent titre 21*60 c.c. 

0*00 

2*914 

4*30 

3*573 

9*48 

4*527 

16*02 

6*245 

0*20 

2*962 

4*76 

3*642 

10*00 

4*697 

17*00 

6*393 

0*62 

3*026 

5*28 

3*713 

10*49 

4*892 

18*00 

6*559 

1*20 

3*116 

5*90 

3*802 

10*97 

5*095 

19*02 

6*767 

1*77 

3*209 

6*51 

3*901 

11*50 

5*299 

20*00 

7*033 

2*40 

3*299 

7*10 

4*002 

11*98 

5*457 

21*23 

7*827 

2*79 

3*355 

7*78 

4*120 

12*98 

5*708 

21*27 

7*910 

3*30 

3-432 

8*50 

4*266 

14*01 

5*912 

21*60 

9*562 

3*80 

3*503 

8*96 

4*381 

15*00 

6*083 

21*63 

9*731 


^^•DieOtylglviaric acid. Original concentration 0-00546Jlf ; 
NaOH equivalent to 0-002567 g. Na’/c-c, ; equivalent titre 14-65 c.c. 


0*00 

2*942 

3*82 

3*578 

7*20 

5*090 

10*58 

7*017 

0*30 

2*985 

4*30 

3*675 

7*40 

5*443 

11*44 

7*210 

0*98 

3*084 

4*89 

3*810 

7*60 

5*748 

12*19 

7*406 

1-50 

3*167 

5*41 

3*950 

8*02 

6*139 

12*99 

7*626 

1*85 

3*225 

5*81 

4*076 

8*42 

6*362 

13*62 

7*878 

2*28 

3*294 

6*22 

4*233 

9*00 

6*587 

14*54 

8*758 

2*80 

3*384 

6*59 

4*435 

9*80 

6*819 

14*86 

9*850 

3*42 

3*498 

6*95 

4*743 . 






^^•IH'profylglwratic acid. Original concentration 0-0005455Jf; 
NaOH equivalent to 0-0003671 g. Na’/c-c. ; equivalent titre 10-25 

C.C. 


0*00 

3*612 

3*00 

4*106 

4*80 

5*095 

6*90 

7*001 

0*31 

3*664 

3*51 

4*255 

5*42 

6*139 

7*43 

7*169 

0*75 

3*713 

4*00 

4*441 

5*62 

6*359 

8*02 

7*369 

1*30 

3*790 

4*40 

4*677 

5*95 

6*592 

9*76 

8*100 

1*89 

2-51 

3*884 

4*005 

4*60 

4*839 

6*40 

6*821 

10*74 

9*317 


oycloPentome-1 : l-diacdic acid. Original cone. 0-003421 ; 
NaOH equivalent to 0-002667 g. Na* /c.c. ; equivalent titre 9-20 c.c. 


0*00 

3*186 

3*01 

4*091 

6*40 

5*961 

7*51 

6*824 

0*25 

3*239 

3*30 

4*211 

6*62 

6*077 

7*82 

6*945 

1*50 

3*602 

3-60 

4*358 

5*92 

6*217 

8-10 

7*084 

1*79 

3*688 

3*90 

4*531 

6*22 

6*344 

8*40 

7*246 

2*10 

3*783 

4*20 

4*782 

6*53 

6*461 

8*98 

7-852 

2*40 

3*880 

4*40 

4*992 

6*86 

6*582 

9*35 

9*696 

2*71 

3*982 

4*60 

5*249 

7*20 

6*707 
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QjQloHexamA . : l-diacetic acid. Original cone. 0-0022321f ; 
NaOH equiyalent to 0*002567 g. Na'/c^c.; equivalent titre 6*00 c.c. 


Titre. 


Titre. 

Pk* 

Titre. 

Pu< 

Titre. 


0-25 

3*200 

1*78 

3*798 

3*43 

6-239 

5*88 

8*311 

0-60 

3*327 

1*96 

3-901 

3-80 

6*548 

6-02 

9*069 

0*90 

3*429 

2*25 

4*088 

4-10 

6-747 

6*16 

9*798 

1-30 

3*584 

3*17 

5*863 

4*39 

6*921 



cjcloHe-piane-l 

: l‘diaeetic acid. 

Original cone 

. 0-0007331f; 

NaOH equivalent to 0*0003671 g. Na'/c.c. ; 

equivalent titre 13*8 c.c. 

0-00 

3*455 

4*03 

3*979 

7*68 

6*122 

11‘50 

7*275 

0-31 

3*502 

4*61 

4*094 

8*10 

6*324 

12-00 

7*386 

0*68 

3*548 

5*20 

4*247 

8*62 

6*552 

12-52 

7*530 

1-23 

3*602 

5*82 

4*474 

9*22 

6*729 

12-99 

7*674 

1*86 

3*672 

6*30 

4*747 

9*68 

6*854 

13-94 

8*029 

2-28 

3*722 

6*75 

5*010 

10*31 

7*000 

14-34 

8-300 

2*82 

3*790 

7*00 

5*570 

10*93 

7*144 

14-62 

8*445 

3*40 

3*873 

7*32 

5*892 
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CCXCVI , — Nitration of 4:-Halogeno-^2i~hydroxy- and 
2-Halogeno-4:-hydroxy~henzaldehydes. 

By Herbert Heitry Hodgson and Thomas Alfred Jenkdtson. 

The mononitration of the 4-halogenosalicylaldehydes, hitherto not 
studied, produces only one series of nitro-derivatives, although 
dinitration is readily accomplished. The first nitro-group appears to 
enter position 5, since bromination of the products (I) affords the 
compounds (11) obtained by nitrating the 3-bromo-4-halogeno- 
salicylaldehydes (HI). Since, however, the 4-halogenomononitro- 
2 -hyclroxyben 2 ;aldehydes were sufBLciently volatile in steam to 
indicate that nitration might have taken place in the 3-position, the 
products (IV) were prepared for comparison. The sodium salts of 
(I) and (EE) are yellow, whereas those of {TV) are bright red, 
indicating para- and ortho-nitrophenolic structures respectively. 
Dinitration of the 4-halogenosalicylaldehydes gives products which, 
for the same reasons, must be 3 : 5-dinitro-derivatives (V). 


CHO OHO CHO 



(I.) (n.) (HI.) 

CHO CHO 
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The 2-halogeiio-4-hydroxybenzaIdehydes are similarly converted 
into the 5-mtro- and 3 : S-dinitro-compounds : 

CHO CHO CHO 



The brown colours produced by alkalis on the phenylhydrazones 
of certain of these substituted m-nitrobenzaldehydes axe in accord 
with the observations of Ohattaway and demo (J., 1923, 123, 3043). 

Experimental. 

Nitration of 4:-CMoro-2-hydroxybenzaldehyde, — (a) MononitraUon. 
4-Chloro-2-hydroxybenzaldehyde (2 g.), dissolved in glacial acetic 
acid (6 c.c;), was nitrated at 18^ by addition of fuming nitric acid 
(0*5 c.c.) during 3 minutes, and kept for 8 hours at 60® with stirring. 
On pouring into water, a yellow, oily^liquid separated which was 
steam-distiiled, two fractions (150 c.c. each) being collected. The 
first contained unchanged aldehyde (0*2 g.) with a little nitro- 
product. From the second fraction (0-2 g.), 4-cA?oro-5-m>o-2- 
hydroxybenzaldehyde (0*3 g.) was obtained, which crystallised from 
alcohol in small pale yellow needles, m. p. 116® (Found : d, 17*6. 
07 H 404 Nd requires d, 17*6%), sparingly soluble in water and light 
petroleum, but readily soluble in the usual solvents ; the product 
does not reduce ammoniacal silver nitrate or Fehling’s solution or 
react with bromine water. The pJienylhydrazone crystallises from 
alcohol in small light orange-yellow needles, m. p. 188° (deoomp.) 
(Found : d, 12-0. Ci 3 Hio 03 lsr 3 d requires Cl, 12*2%), which give 
golden-brown solutions with caustic alkalis. The p-nitrophenyl- 
hydrazone crystallises from alcohol or glacial acetic acid in bright 
yellow micro-needles, m. p, 294° (decomp.) (Found: d, 10*5. 
CigHgOsN^^d requires d, 10*5%), which give cherry-red colours with 
concentrated alkalis, turning bluer on dilution. The semicarbazone 
crystallises from dilute acetic acid in very pale yellow micro-needles, 
which decompose above 300° (Found: d, 13*5. CgH^O^N^Ol 
requires (3, 13*7%). 

(6) Dinitrcdion. The aldehyde (0*75 g.) dissolved in glacial acetic 
acid (8 c.c.) is added all at once to nitric acid (8 c.c. ; 91%) and, after 
the violent reaction has abated, the mixture is warmed at 100° for 
5 minutes, kept for 16 minutes, poured into water, and steam- 
distiUed to remove volatile mononitro-product. 4-CHoro-3 : B-di- 
nUro-2-hydr(xisyb€7is^^ (1 g.) crystaDises from water in slender^ 
pale golden-yellow needles, m. p. 163° (Found: d, 14-6; 
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O^HgOfiNaCl reqxdres d, 14*4%), which neither reduce Fehling’s 
solution nor give a precipitate with bromine water. The phenyU 
hydrazone crystallised from alcohol in light brown micro-crystals, 
m. p. 219® (Found : Cl, 10-3. C 13 H 9 O 5 IT 4 CI requires d, 10-55%), 
and gives a golden-brown colour with alkalis. The p-nitropJienyU 
hydrazom crystallises from dilute acetic acid in light brown micro- 
crystals, m. p. 286° (decomp.) (Found: d, 9-1. CisHgO^NgCl 
requires d, 9 * 3 %), and with aqueous and alcoholic sodium hydr- 
oxide gives a cherry-red colour which turns a bluer shade on dilution. 
The semicarbazone separates from dilute acetic add in light 
yellow micro-crystals, m. p. 225° (decomp.) (Found: d, 11*5. 
OgHgOgNgd requires d, 11*7%). 

NUraMon of 2-OJiloroA-hydroxybenzaldehyde. — {a) Mononitration. 
The aldehyde (3 g.), dissolved in glacial acetic acid (16 c.c,), was 
nitrated by the gradual addition of nitric acid (3 g. ; 63%), the 
mixture then being kept at 35 — 40° for 2 hours. The 2 -cAtoro- 
S^nitro-^-hydroxybenzaldeJiyde was removed by steam-distillation and 
crystallised from alcohol in ‘colourless needles, m. p. 126° (Found : 
d, 17-6.- C 7 H 404 Nd requires d, 17-6%), ohly slightly soluble in 
water and less soluble in the usual solvents than the initial aldehyde. 
The phenylhydrazone crystallised from alcohol in silky, dark purple 
needles, m. p. 166° (slight decomp.) (Found : d, 12-1%), which gave 
no colour with aqueous but a red with alcoholic alkaKs. The 
p^nitrophenylhydrazom crystallised from glacial acetic acid in small, 
silky, deep orange needles, m. p. 266° (decomp.) (Found : d, 10-4%), 
which gave a violet-red colour with aqueous and alcoholic alkalis, 
turning bluer on dilution. The semicarbazone crystallised from 
dilute acetic acid in light orange micro-needles, m. p. 266° (decomp.) 
(Foimd : d, 13-6%). 

(ft) Dmiiration. The aldehyde (3 g.), dissolved in glacial acetic acid 
(10—16 C.C.), was added gradually (10 minutes) to nitric acid (6 g. ; 
63%) ; the mixture was kept at ^° for 2 hours, poured into water, 
and steam-distilled. The non-volatile 2-cWoro-3 : 6-dmiro-4-%dr. 
oxybrnmldehyde crystallised from water in pale yellow, massive, 
prismatic crystals, m. p. 93° (Found : d, 14-3%), sparingly soluble 
in cold but readily soluble in hot water. TQie phenylhydrazone 
crystallised from alcohol in small, lustrous, brownish-purple needles, 
m. p. 210° (decomp.) (Found : d, 10-4%), which give a red colour 
with aqueous - alcohoUc alkalis. The p - mtrophmylhydrazone 
crystallised from dilute acetic acid in reddish-brown micro-needles, 
m, p. 267° (decomp.) (Found : d, 9-1%), which gave a violet-red 
colour with alkalis, changing to a fine violet on dilution. The 
semicarbazone^ ciystaUised from dilute acetic acid in light brown 
ini< 2 X)-needles, m. p. 192° (decomp.) (Found : d, 11-5%). 
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Beimer-Tiemann Beaction with Z-Ghloro-^i-bromo- ani 2 : 3-Di- 
bromo-phenols * — ^The procedure employed was that in the authors’ 
previous paper (J., 1927, 1740), but the yields were only moderate. 
4i-Chloro-3-bromo-‘2-hifdroxybenzaldehyde forms colourless needles, 
m. p. 124“ (0-1000 g. gave 0-1390 g. of AgX.* Calc. : 0-1407 g.), 
having a^ faint sweet odour, slowly volatile in steam, sparingly soluble 
in water but readily soluble in the usual organic solvents; the 
phenylhyd/razone, colourless needles, m. p. 204® (0-1000 g. gave 
0*1010 g. AgX. Calc. : 0-1018 g.), gave a pale yellow solution with 
aqueous-alcoholic alkalis ; the ]^-nitrophenylhydrazonef orange micro- 
needles, m. p. 298° (decomp.), gave a ruby-red colour with aqueous 
alkalis. Z’Chl(yro-2-br(mo-4t-hyd/roxybenzaldehyde, colourless needles, 
m. p. 177® (0-1000 g. gave 0*1416 g, AgX. Calc. : 0*1407 g.), 
is very slowly volatile in steam and resembles its isomeride in 
solubilities ; the p - nitrophenylhydrazone, dark crimson micro- 
needles, m. p. 263® (decomp.) (0-1000 g. gave 0-0900 g. AgX. Calc. : 
0-0896 g.), gave a deep purplish-red colour with aqueous alkalis. 
3 : 4t-Dibrorn^‘2-hydroxybenzaldehyde forms colourless needles, m. p. 
129® (Found: Br, 66-9. 07 H 402 Br 2 requires Br,.67*l%), volatile 
in steam, and having a faint sweet odour. The -p-nitrophenyU 
hydrazom, orange micro-needles, decomp, above 220® (Found: 
Br, 38-3. Ci3H^0^3Br2 requires Br, 38-56%), gives a ruby-red 
colour with alkalis, becoming bluer on dilution. 

2 : Z-Dibrcmo-ii-kydroxybenzaldehyde, colourless needles, m. p. 
192® (Found : Br, 67*0%), is only very slightly volatile in steam 
and odourless. The p-nUrophmylhydrazom, vermilion-red micro- 
needles, m, p..264° (decomp.) (Found : Br, 38-3%), gave a deep red 
colour with aqueous alkalis. 

Nitrcdion of i-QKloro-3-bromo-2rhydroxybenzaldehyde , — The 
aldehyde (1*6 g.), dissolved in glacial acetic acid (5 c,c.), was nitrated 
at 60 — 66® during 2 hours with nitric acid (0-6 g.; d 1*6). The 
^-chlofO’Z-bromo-6-nUro-2-hydroxybmzaJdeiiydo crystallised from 
alcohol in yellow prisms, m, p. 137® (Found : C51+ Br, 40*8. Calc. : 
41-2%). The phenylhydrazom crystallised from alcohol in bright 
yellow needles, m. p. 229® (decomp.) (Found : Cl + Br, 31-3. 
Calc. : 31*2%), and gave brown colours with alkalis. 

Brominatim of 4c*CMoro-5~nitro-2^hydroxybe7i>zaldehyde . — ^The 
aldehyde (0-6 g.) in glacial acetic acid (2 c.c.) was treated with 3 c.c. 
of a solution of bromine (2 g.) in the same solvent (10 c.c.), the 
mixture warmed for 8 minutes on the water-bath, diluted with water 
until the slight turbidity just disappeared on heating, and allowed to 
cool slowly ; 4-chloro-3-bromo-6- nitro- 2-hydroxybenzaldehyde 
separated in yellow prisms, m. p- 137® (Found : Cl + Br,.40*9%), 
* AgX s= zuixed silver halides^ “ ; ' 
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nnaltered when mixed with foregoing product. The yellow sodium 
salt was sparingly soluble in aqueous sodium carbonate. The 
phmylhydrazone crystallised from alcohol in bright yellow needles, 
m. p. 229® (decomp.) (Found : d + Br, 31-4%) ; a mixed m. p. 
with the corresponding product above indicated identity. 

Preparation of 4o^CMoro-5-bromo-2~hydro3sybenz(Mehyde . — ^To 
m-chlorophenol (23 g.), dissolved in chloroform (70 o.c.), bromine 
(9 c.c.) dissolved in chloroform (60 c.c.) was gradually added with 
shaking. After the free bromine had disappeared, the mixture was 
refluxed with 20% aqueous sodium hydroxide (200 c.c.) for 4 hours, 
the chloroform removed by means of steam, the mixture acidified, 
and again steam-distilled; 4:-cMoro-5-broim-2-hydroxybenzaldehyde 
readily passed over : colourless needles, m. p. 126® (0-0838 g. gave 
0-1181 g. AgX. Calc. : 0-1180 g.), from dilute acetic acid. The 
phenylkydrazone crystallised from alcohol in colourless needles, m, p. 
200® (Found .- Cl + Br, 36-2, Calc. : 35-5%). The p-nitrophenyU 
hydrazone crystallised from glacial acetic acid in small, light brown 
needles, m. p. 280® (deoomp.) (Found : d + Br, 30-9. Calc. : 
31*2%), which gave a blue cherry-red colour with aqueous and 
alcoholic alkalis. 

Nitration of 4 - Chloro - 6 - bromo - 2 - Tiydrooiybenzaldehyde . — ^The 
aldehyde (2 g.) was dissolved in warm acetic anhydride (2 c.c.) and 
obtained as a paste of fine crystals by chilling ; it was then treated 
gradually with diacetylorthonitric acid (2 c.c.), maintained at 50® for 
15 minutes, and kept over-night ; 4-cjii!oro-5-6ro??io-3-m>a-2- 

hydroxybenzaldehyde separated, and crystallised from alcohol in 
large, pale yellow prisms, m. p. 116® (Found : Q -f Br, 41-3. Calc. : 
41-2%), giving a bright red sodium salt. The phenylkydrazone 
crystallised from alcohol in small, orange needles, m. p. 241° 
(decomp.) (Found ; d + Br, 31-3%). The mixed m. p.’s with the 
isomerides above were depressed. Orange-red colours were given 
by aqueous and alcoholic alkalis. 

Nitration of 2 - Chloro - 3 - 6romo - 4 - hydroxybenzaMehyde . — ^This 
process was carried out with quantities as for 4-chloro-3-bromo- 
2-hydroxybenzaldehyde, but at 30 — 40® for one hour. 2-Chloro- 
Z-bromO‘5-mtroA^hydroxybenzaMehyde crystallised from glacial acetic 
acid in long, golden-yellow, silky ne^es, m. p. 140® (Found : 
d 4- Br, 40-9%). Bromination as above of the mononitration 
product of 2-chloro-4-hydroxybenzaldehyde gave an identical 
product, m. p. and mixed m. p. 140®. The identical pJienylkydrazones 
crystallised from alcohol in very deep purple plates, m. p. 205® 
(decomp.) (Found : d + Br, 30-9, 31-0. Calc. : 31-2%), and gave 
brownish-red colours with aqueous and alcoholic alkalis. 

Nitration of 4t-Bronw-2-‘hydroxybenzaideliyde. — (a) Movmitation. 
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The aldehyde (3 g.) was nitrated as for the 2-chloro-4-hydroxy- 
compound, 6 g. of nitric acid being used. The product, 4-6romo- 
5-ndtto-2-hydroxybenzaMehyde, was entirely volatile in steam and 
crystallised j&rom alcohol in very pale yellow rosettes, m. p. 128° 
(Found : Br, 32-3. C7H404NBr requires Br, 32*5%), which were 
slightly soluble in cold, but readily soluble in hot water and in the 
usual solvents. The phenylhydra^ne crystallised from alcohol in 
small, orange needles, m. p. 189® (Found : Br, 23*6, CigHjQO^aBr 
requires Br, 23*8%), its yellow solution being deepened by alkalis. 
The p-nitrophenylhydmzone, yellow micro-needles, m. p. 301° 
(decomp.) (Found : Br, 21-2. Ci3H905N4Br requires Br, 21-0%), 
gave a cherry-red colour with ahralis, turning bluer on dilution. 
The semicarbazone, pale yellow micro-needles, decomposed above 
210° (Found : Br, 26*2. CgH704N4Br requires Br, 26*4%). 

(i) Dinitration. The aldehyde (2 g.), dissolved in glacial acetic acid 
(5 c,c.), was nitrated at 0° with fuming nitric acid (3 c.c.), and heated 
at 100° for 10 minutes ; 4-iromo-3 : S-dmUro~2-hydroxybenz(ildeJiyde 
was separated from volatile products by steam-distillation and then 
crystallised from alcohol in colourless plates and from dilute acetic 
acid in colourless needles, m. p. 143° (Found: Br, 27*3. 

requires Br, 27*6%). The phmylhydrazom crystallised 
from alcohol in small orange needles, m. p. 209° (decomp.) (Found : 
Br, 20*8. requires Br, 21*0%), and its yellow solution 

was turned brown by caustic alkalis, lie p-nitrophmylhydmzom, 
light orange micro-needles i in. p. 260° (decomp.) (Found : Br, 18*6. 
CijHgOyNgBr requires Br, 18*77%), gave a deep red colour in con- 
centrated solution with caustic alkalis, which became bluer on dilu- 
tion. The semiciifhazme^ light yellow micro-needles, had m. p. 224° 
(decomp.) (Found : Br, 22*7. CgHgOeNgBr requires Br, 23*0%). 

NUraiion of 2~Bromo^4rJiyd/ro3^benzcdd6h'^ — {a) Momnitration, 
Quantities and procedure as for the previous isomeride. 2-Bromo* 
Q-‘nitro--4^-hydroxybenzaMdiyde was much more slowly volatile in 
steam tiian the chloro-analogue and also mc^ee soluble in water; 
it crystallised from alcohol in pale yellow needles, m. p. 131^ 
(Found: Br, 32*7. C7H404NBr requires Br, 32*6%), gave an 
orange-red silver and bright green copper salt. The p%&ityh 
fine, silky, purple needles, had m. p. 181° (deodmp.) 
(Found : Br, 23*6. CisHioOgNsBr requires Br, 23*8%), and gave a 
reddish-brown colour with aqueox]^ alkalis. The 
hydrazom, orange mk^-iieecUes, m. p. 266° (decomp.) (Found : 

20*8%), gave viotet-ied odours with alkalis, turning bluer on 
dilution. Tim semtmbazone, light orange micro-needles, had m. p. 
267° (decomp.) (Found : Br, 26d%)- 
(6) Dinitraiion. l%ealdehy<fe^g.), dissolved in glacial acette acid 
4f 
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(15 c.c,), was nitrated with 63% nitric acid (3 g.) in the cold and then 
kept at 50° for 3 hours ; 2-6rowio-3 : o-dinitroA--hydroxybenmld€hyde 
was non-volatile in steam and crystallised from water in massive 
pale yellow prisms, m. p. 110° (Found: Br, 274%), slightly 
soluble in water ; it gave a deep golden-brown colour with 
ferric chloride, but did not reduce ammoniacal silver nitrate or 
Fehling’s solution. The brown, flocculent Mver salt was soluble in 
water. The phenylhydrazme crystallised from alcohol in dark 
purple plates, m, p. 186° (decomp.) (Found : Br, 20-8%), the golden- 
brown solution being changed to reddish-brown by caustic alkalis. 
The -p-nUropJienylhydrazcme, brown micro-needles, m. p. 248° 
(decomp.) (Found : .Br, 18*9%), gave violet-red colours with caustic 
alkalis, turning bluer on dilution. The semicarbazomy orange micro- 
needles, had m. p. 188° (decomp.) (Found : Br, 22*9%). 

Nitration of 2 : 3-dibromo-4-hydroxybenzaldehyde gave 2 : 3-di- 
bromo-b-nitro^i-hydroxybenmldehydey m. p. 155° (Found : Br, 49*0. 
C 7 H 304 NBr 2 requires Br, 49-2%), identical with the brominated 
product from the mono-nitrated 2-bromo4-hydroxybenzaldehyde, 
m. p. and mixed m. p. 155°, the procedures being as for the chloro- 
analogues. Their identical phenylhydrazones crystallised from 
alcohol in deep purple parallelepipeds, m. p, 204° (decomp.) (Found : 
Br, 38*3, 38*6. CiaHpOaNgBrg requires Br, 38-5%), and gave 
brownish-red colours with aqueous and alcoholic alkalis. 

Nilaration of 3 : 4-dibromo-2-hydroxybenzaldehyde gave 3 : 4-d!i- 
brornx>-’^‘nitro^2-hydroxybmzaMeJiyde, which crystallised from alcohol 
in pale yellow needles, m. p. 114° (Found : Br, 48-8%), and did not 
depress the m. p, of the product obtained by the broznination of the 
mono3dtrated 4-bromo-2-hydroxybenzaldehyde (above). 

4 : &^DibTomo-2-hydroxybenz€dd^yde, colourless needles, m. p. 132° 
(Found : Br, 57*2%), was prepared in the same way as 4-chloro- 
5-bromo-2-hydroxybenzaldehyde (foe. cit,). It gives a yellow silver 
salt. . The crystallised from glacial acetic acid 

in deep orange-brown micro-needles, m. p. 266° (decomp.) (Found : 
Br, 38*4%), and gave deep bluish-red colours with alkalis, 
4 : ^-IHbro7no-S-mtro-2-hydTOQiiybenzaldekyde crystallised from alcohol 
in pale yellow prisms, m. p, 118° (Found : Br, 49*1%). The silver 
salt is deep orange. The pheuylhydTaiZfme crystallised from alcohol 
in orange needle, m. p. 236° (decomp.) (Found : Br, 884%), and 
gave a deep red colour with aqueous caustic alkalis. 

Niirpiion of iJodO‘2^hydroxybe7tzaldehyde»~{€f) Mono^iitrciMon* 
The aldehyde (2 g.J, dissolved in glacial acetic acid (6 c.c.), was 
treated with fuming nitric acid (3'g.), kept for hours, and then 
heated at 45° for 5 minutes ; the mixture was diluted with wate:, 
nearly neutralised by alkali, and steam-distilled. 
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4:~Iodo-5-‘nitro-2-hydroxybenzaMehyd6 (1-5 g.), which passed over, 
crystallised from alcohol in small golden-yellow needles, m. p; 118° 
(Found : 1, 42*9. C7H4O4NI requires I, 43*3%). The yellow silver 
salt was only sparingly soluble in water. The phenylhydrazone, 
small, old-gold needles, had m. p. 177° (decomp.) (Found : I, 33*0. 
C13H10O3N3I requires I, 33*2%) and gave a brown colour with 
alkalis. The ^‘TiUrophenylhydrazoTie, bright yellow micro-needles, 
m. p. 297° (decomp.) (Found : I, 29*3. requires I, 

29*7%), gave violet-red colours with alkalis, turning bluer on dilution. 
The semicarbazone, pale yeUow micro-needles, decomposed at 
230—240° (Found : I, 35*9. CgH^O^NJ requires I, 36*2%). 

Z~Bromo-i4odo-&-nitro-2-hydroxybenz€Mehyde crystallised from 
alcohol in small pale yellow needles, m. p. 145° (Found : Br + I, 
55*9. C^HgO^NBrl requires Br + 1, 55*6%). 

(6) DinUration. In the above process the residue (0*5 g.) after 
steam-distillation was 4:-iod<o-Z:^~dinUro~2-hydr(>xybenzdlikhyde, 
which crystallised from alcohol in small, brown needles, m, p. 160° 
(Found : I, 37*8, C7H3O6N2I requires I, 37*6%). The silver salt 
was light orange. The phenylhydrazone, small, light brown needles, 
had m. p. 229° (decomp.) (Found : I, 30*0. C13H9O5N4I requires 

l, 29*7%) and gave brown colours with alkalis. The p-nitrophenyl- 

hydrazonsy brovraish-orange micro-needles, m. p. 267° (decomp.) 
(Found r 1, 26*4. requires I, 26*8%), gave deep violet- 

red colours with alkalis. The semicarbazone, light brownish-yellow 
micro-needles, decomposed when heated (Found : I, 31*8. 
OgHgOgNgl requires I, 32*16%). 

6-Brom>*i:-iod<>-24bydroxybenzald^yde is slowly volatile in steam 
and crystallises from alcohol in very pale yellow needles, m, p. 117° 
(0*1100 g. gave 0*1428 g. AgX. Calc. : 0*1422 g.), and its rather 
insoluble sodium salt in golden spangles. It gives a yellow sUver salt. 
The phenylhydrazone crystallises in slender, pale yellow needles, m. p. 
161°, and the p^nitrophenylkydrc^oue in orange micro-needles, m, p. 
266° (deoomp.), which give deep bluish-red colours with aqueous 
alkalis. 

5^Brcmo-^4odo-Z-nitro-2-hydroxybenzdldehyd6 crystallises from 
alcohol in small, golden-yellow prisms, m. p. 153° (0*1042 g. gave 
0*1180 g. AgX. Ckilc. ; 0*1185 g.), and gives an orange silver salt. 
The pJienylhydrazom crystallises from alcohol in.deep orange needles, 

m. p. 245° (decomp.) (0*1000 g. gave 0*0922 g. AgX. Calc. : 
0*0915 g.), and gives a d^p red colour with aqueous caustic alkalis. 

NitraMon of 2-IodO'4-hydrdxyberisuMdiyde. — (a) Mononitration. A 
method giving better results than the foregoing was to nitmte the 
aldehyde (4*5 * g.), dissolved in acetic anhydride (12 c.c;), with 
diacetylprthonitric acid(4 c;Ci)addCd in two portions, the temperaterB ' 



2280 


GAYraWAITB, KENYOK, AND PHHXIPS : 


not beilig allowed, to exceed 40 — ^50°. After beiog kept for 15 
romntes at 50°, the mixture was diluted and steam-distilled; 
24odo-5--nitroA--hydroxybenzaldehyde, which passed over, crystallised 
from alcohol in small, colourless prisms, m. p. 162° (Found : I, 43-5. 
O 7 H 4 O 4 NI requires I, 43-3%). The orange silver salt was sparin^y 
soluble in water. The phenylhydrazom, very dark purple needles, 
had m. p. 204° (decomp.) (Found : 1, 33-3%) and gave golden-brown 
solutions with alcoholic alkalis. The p-nitrophenylhydrazoTie^ 
reddish-brown micro-needles, m. p. 273° (Found: I,.29‘8%), gave 
violet-red colours with alkalis. The semicarbazoThe, light brown 
micro-needles, had m. p. 211° (decomp.) (Found ; I, 36*6%). 

3-Bromo-2-iodo-6-mtro-4-hydroxybenzaldehyde. crystallises from 
dilute acetic acid in pale yellow needles, m. p. 178° (Found : Br + I, 
55-8%). An authentic specimen had m. p. 178°. 

( 6 ) Dinitraticm- Procedure as for the analogues. 2-Iodo- 
3 ; ^-dinitro-A-hydroxybenzaldeJiyde crystallised in massive yellow 
prisms, m, p. 162° (Found : 1, 37-5%). The colours of the silver and 
copper salts were canary-yellow and bright green, respectively. The 
pJienylhydrazone, deep brownish-purple needles, had m. p. 197° 
(decomp.) (Found ; I, 30*0%), and gave a reddish-brown solution 
with alkalis. The p-nitrophenylhydrazone, dark-red micro-needles, 
m.p. 240° (decomp.) (Found : 1,27*2%), gave a reddish- violet colour 
with aqueous sodium hydroxide, which changed to reddish-pink on 
heating. The semicarbazone, orange micro-needles, had m. p. 205° 
(decomp.) (Found : I, 32*4%). 

Z-Bromo-24odO‘4c-hydroxybenzalde1iyde crystallises from alcohol 
in pale yellow prisms, m. p. 204° (Found : AgX, 129‘7. C 7 H 402 BrI 
requires AgX, 129‘4%). 

The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 

Technicai. CoiiEGE, HuDDEESnELU. [Seceived, Jmie 16/A, 1928.] 


CCXCVII , — The Qmdrivalency of Selenium. Part /. 
irCarhoxydipJienyl and p-Caa'hoxyphmyl Methyl 
Sdenosddes. 

By WttSOH RoBrNSON Gaythwaiee, Joseph Kenyoh, and ’ 

HeHBY Pwtt.t.tp s 

The resolution of 4'-an»no-4.inet]iyIdiphenyl sulphoxide (I) and 
w-oarboxy^enyl methyl snlphoxide (31) into their optically active 
forms (Harrison, Kenyon, and Phillips, J., 1926* 2079) provided 
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oonchisive experimental evidence that the double bond between 
sulphur hnd oxygen in these compounds is unsyounetrical and can 

"•> =°*“'S>s-6 (II.) 

therefore be considered to be a semipolar double bond. In 
order to obtain evidence as to the nature of the bonds Ijnldug the 
selenium and oxygen atoms of selenoxides, attempts have now been 
made to resolve phenyl p-tolyl selenoxide (III), 4t’(mboxydiphenyl 
seUnoxide (IV), and p^carboxyphenyl methyl selenoxide (V), but they 

Me-CgH^^ggO 

(HI.) ■ (IV.) (V.) 

have been unsuccessful. This failure was unexpected since the 
sulphoxides were resolved without dfficulty, and the resolution of 
df-phenyhnethylselenetine d-bromocamphorsulphonate by Pope and 
Neville (J., 1902, 81, 1552) proves that quadrivalent selenium has a 
tetrahedral environment. 

The chemical evidence at our disposal suggests that the linking 
between the selenium and oxygen atoms may be partly polar in 
character. For example, the selenoxides now described, to a 
greater degree even than the sulphoxides of similar constitution, are 
much more soluble in acids than in water. 

The selenoxides, however, differ from sulphoxides in one important 
respect* Sulphoxides are so readily oxidised with potassium 
permanganate to the corresponding sulphones that it is often 
difficult, even when mild oxidising reagents are used, to arrest the 
oxidation of a sulphide at the sulphoxide stage. It is noteworthy, 
therefore, that the selenoxides described could not be oxidised to 
selenones by potassium permanganate, and also that with the 
exception of diphenyl sdenone (Krafift and Vorster, JSer., 1893, 26, 
2820), which has the properties of a peroxide and hence differs 
considerably from its inert sulphur ahabgue, no reference to the 
isolation of selenones can be found in the literature. This par- 
ticular reluctance on the part of a selenium atom, linked to two 
univalent groups and to oxygen, to pass to the sexavalent condition 
is also illustrated by the crystallisation of benzmieseleninic acid as a 
nitrate from moderately concentrated nitric acid (which would 
oxidise benzenesulphinic acid to the sulphonic acid); moreover, 
although the interaction of ethyl iodide and silver sulphite leads to 
the formation of the unsymmetrieal ethyl ethanesulphonate, yet 
silver selenite, under the same conditions, yields the symmetrical 
diethyl selenite {Michaelis and Landmann, Anruden^ 1887, 241, 

It can therefore be concluded that the linking between the 
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selenium and oxygen atoms of a selenoxide may be partly polar in 
character, but at the same time may tend to utilise or render inert 
the remaining combining capacity of the selenium atom in a manner 
which suggests that the linking may not be an unsymmetrical 
semipolar double bond. The partly polar character of the linking 
might be accounted for by assuming that the oxygen atom is linked 
to the selenium atom by two semipolar single bonds (Prideaux, 
Gh&m, and Ind,, 1923, 42, 672; Sugden, J., 1927, 1173) ; until the 
electronic structure of such bonds is precisely defined, however, it is 
difficult to visualise why two such bonds, when exerted together 
towards the same atom, should diJSer from a semipolar double bond, 
and further, why, by exerting two semipolar single bonds, the 
selenium atom shoxdd lose combining capacity. 

These difiSculties could be overcome by assuming that two 
selenium electrons and one oxygen electron are concerned with the 
formation of each semipolar single bond, but that only one of the 
electrons — ^a selenium electron — ^is shared by both atoms, the 
remaining selenium electron and oxygen electron of the trio being 
assumed to be in some way essential for the formation of a semi- 
polar single bond and no longer available for purposes of reaction. 
By the aid of these assumptions it would be possible to explain, not 
only the reluctance on the part of the selenium atom to become 
sexavalent, but also the possible symmetrical disposition of the 
oxygen atom in space with respect to the remainder of the selenoxide 
molecule. To determine whether this hypothesis is valid other 
selenoxides are being prepared and investigated. 

Phenyl p-tolyl selenoxide was prepared by the action of alkalis 
on phenyl 39 -tolyl selenide dibromide. On cooling warm solutions of 
this selenoxide in aqueous solutions of i-camphorsulphonic acid, 
indefinite mixtures of the two separated, and the selenoxide 
recovered from the mother-liquors was optically inactive ; but when 
equimolecular proportions were mixed in warm, dry ethyl acetate 
crystals were deposited which, by titration, were found to agree 
closely in composition with that demanded for the dl-camphor- 
sulphonate of the selenoxide. The rotatory powers of these “ salts ” 
in dry ethyl acetate were, however, identical with the rotatory 
powers of the solutions obtamed by dissolving d-camphorsulphonic 
acid and the selenoxide in ethyl acetate in the same proportions 
as they occurred in the “ salts.’’ 

4-Carboxydiphenyl selenoxide was prepared by the oxidation 
of phenyl jp-tolyl selenide with an excess of potassium permanganate, 
and was not- contaminated by the corresponding selenone. It 
gave weE-defined, crystalline salts with brucine, Z-menthylamine, 
and d-a-phenylet.hylamine, the properties of the salts being un- 
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changed by repeated crystallisation from various solvents. The 
selenoxide regenerated from the salts was, in every instance, 
optically inactive. Although, when free, 4-carboxydiphenyl selen- 
oxide does not form a dihydroxide, its salt with d-a-phenylethyl- 
amine was carefully examined after it had been in contact with water 
or wet solvents, in order to make certain that the failure to obtain 
resolution was not due to the addition of water to the possibly 
unsymmetrical selenoxide, giving rise to a symmetrical dihydroxide. 
'No evidence for such combination could be obtained, and no change 
in the rotatory power of a dry specimen of this salt could be pro- 
duced by recrystallising it from dry ethyl acetate. 

p-Carboxyphenyl methyl selenoxide was prepared from the 
dibromide of the corresponding selenide, which was ssmthesised 
according to the following scheme. It gave a brucine salt which 
furnished no evidence that it was a mixture of stereoisomerides. 

NHa SeCN Se Se SeMe 

Q -Q - 

CO 2 H COoH CO 2 H COgH CO 2 H 

Experimental. 

Phenyl "jf-tciyl selenide was obtained by the method used by 
ErafiEt and Vorster (Zoc. ciL) for the preparation of diphenyl selenide. 
Phenyl ^-tolyl sulphone (116 g.), which has m. p. 127 — 128° and 
not 124*5° as quoted in the literature, and powdered selenium (40 g.) 
were heated in a metal-bath until there was an active evolution of 
sulphur dioxide : after 2 — 3 hours the temperature was raised, and 
phenyl p-tolyl selenide distilled at 306 — 312°. By redistillation it 
was obtained as an almost odourless, pale yellow, mobile liquid, 
b. p. 176 — 178°/20 mm.; yield 35 g. (Found: C, 63*2; H, 4*9. 
CisHigSe reqmres C, 63*1 ; H, 4*8%). The dibromi^ was prepared 
by the addition of bromine {6-5 g.) to a cooled solution of the 
selenide (10 g.) in carbon disulphide (20 c.c.). After standing for an 
hour, the crystalline material (14 g., m. p. 143 — ^144°) was removed 
by jSlixation and r^rystallised &om carbon disulphide whereby it was 
obtained as long, orange-red, glistening needles, m. p. 149 — 160° 
(Found : Br, 39*2, CigHigSeBig requires Br, 39*4%). 

Phenyl ^-tdlyl sderboxide was readily obtained by trituration of 
the dibromide (7*6 g.) with sodium hydroxide solution (15 c.c. of 
15%) until the reddish-brown paste became converted into a white, 
granular powder ; this was filtered off, washed, dried, and ciystalliseit 
from benzene, from which it senarated in clusters of featherv needle, 
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m. p. 181 — 133®; yield 4 g. The selenoxide was also prepared 
directly from the selenide by the action of a boiling solution of 
potassium permanganate. When the theoretical amount of 
potassium permanganate was used the yield of selenoxide was only 
about 25% because further oxidation of a portion of the material to 
4-carboxydiphenyl selenoxide took place and therefore a consider- 
able proportion of the selenide was recovered unchanged. 
Phenyl 5 >-tolyl selenoxide prepared in this way had m. p. 131 — 133® 
either alone or when mixed with that prepared from the dibromide 
(Found : C, 69*7 ; H, 4*5. CuH^gOSe requires C, 59-3; H, 4*5%). 
The selenoxide, when triturated with saturated aqueous hydrobromic 
acid, was rapidly transformed into the orange-red dibromide, which 
after crystallisation from carbon disulphide had m. p. 149 — li '® 
(decomp.) either alone or when mixed with the dibromide prepa^^^ 
directly firom the selenide. , 

Attempted Resolution of Phenyl p-Tolyl Selenoxide by 
d’Camphorsulphonic Acid, — ^Phenyl p-tolyl selenoxide (1-3 g.) was 
added to a solution of ^-camphorsulphonic acid (3 g.) in water 
(5 C.C.), and the mixture heated on the steam-bath for a few minutes 
until solution was almost complete. After cooling, the crystalline 
material was filtered off and found to consist of almost pure selen- 
oxide which was optically inactive. The recovered selenoxide was 
therefore dissolved in a solution of d-camphorsulphonic acid (2 g.) 
in ethyl alcohol (12 c.c.), and the solution allowed to crystallise. 
After decomposition of the fiflltrate with sodium carbonate, OdS g. of 
selenoxide was obtained which proved to be optically inactive. 

The selenoxide (2'6 g.) and d-oamphorsulphonic acid (2*3 g.) 
were dissolved in hot, dry ethyl acetate. The crystalswhich separated 
on cooling the resulting clear solution had a 54 g 3 ^ + 0*32° in dry 
ethyl acetate (c = 1-1175 ; I = 2-0), whence + 14*3®. By 

titmition, 0*2235 g. of the crystals was found to contain 0*0908 g. of 
i-camphorsulphonic acid, whereas if the crystals had been the pure 
salt of the selenoxide they should have contained 0-1045 g. of the 
acid. A solution prepared by making up 0-1327 g. of the selenoxide 
and 0-0908 g. of d-camphorsulphonic acid to 20 c.c. with dry ethyl 
acetate had -f 0-33® (I == 2-0) whence [al 54 ei + 14-7®. Hence 
it was concluded that no resolution of the selenoxide was taking 
place. The filtrate from the crystals described above deposited on 
standing a second crop which bad a 54 g;^ + 0-30® in dry ethyl acetate 
(c 5=5? 1-0725; I = 2-0) whence [a354ei + 13-9®. This second crop 
ccmtained slightly more than the theoretical quantity of d-camphor- 
sulphonic acid, since 0-2847 g, contained 0-1409 g. of add (theory 
requires 0-1331 g.). 

4-CarlmydipAenyl selenoxide was prepared hy boiling an aqueous 
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suspension of phenyl p-tolyl selenide and potassium permanganate 
for several hours. The manganese mud was dissolved and the 
4:-carboxydiphenyl selenoxide precipitated by the passage of sulphur 
dioxide. The reaction mixture was filtered and the insoluble 
portion macerated with dilute sodium carbonate solution. In this 
way, the products of the oxidation were separated into phenyl 
p-tolyl selenoxide and 4-carboxydiphenyl selenoxide. On the 
addition of dilute sulphuric acid to the sodium carbonate extract, 
4-carboxydiphenyl selenoxide separated and was obtained, after 
crystallisation from alcohol, as a microcrystalline powder, m. p. 
253 — 255° (decomp.) (Found : C, 53-5; H, 3*4; equiv., by titration, 
292. C^gHioOgSe requires C, 53*2 ; H, 3-4% ; equiv., 293). 

i-CarboxydipJbenyl selenide was prepared by warming a mixture 
of 4-carboxydiphenyI selenoxide (0-6 g.), acetic acid (15 c.c.), and 
zinc dust (0-3 g.) on a steam-bath for 3 hours. The hot filtered 
solution was diluted with water and the selenide (0*25 g.) separated 
as pale yellow, glistening leaflets, m. p. 182 — 184^ (without decomp.) 
(Found : equiv., by titration, 279. CigHioOgSe requires equiv., 277). 

4:-Carboxydiphenyl selenide dibromide was prepared (a) by the 
addition of aqueous hydrobromic acid to a warm solution of 
4-carboxydiphenyl selenoxide (0*5 g.) in acetic acid, from which it 
separated as yellow, microcrystalline needles (0-6 g.), which turn 
deep red and soften between 180 — 190® and melt at 208 — ^210° ; 
(5) by the addition of a solution of bromine (0-13 g.) in carbon 
tetrachloride (1 c.c.) to a warm solution of 4-carboxydiphenyl 
selenide (0*21 g.) in the same solvent (50 c.c.). The ^bromide 
(0*28 g.), m. p. 206 — ^207°, crystallised on cooling the mixed solutions 
(0*1534 g. neutralised 0*0660 g. KOH on decomposition. CSalc. : 
0*0588 g.). 

AUevfypied Besolution of irCarboxydiphenyl Sdemxide , — ^The 
brucine salt of 4-carboxydiphenyl selenoxide was prepared in warm 
acetone solution, from which it separated on cooling as very small 
needles, m. p. 130® (decomp,). The sirychnine salt was too unstable 
to be of service. The l-merdhyUmine salt crystallised from alcohol 
in needles, m. p, 220 — 222° (decomp.). Its rotatory power, 
Wsiei = 0*8415 in ethyl alcohol; I = 2*0), and m. p, 

remained unchanged after repeated crystallisation from alcohol. 
The d*a~phenyleihylamim salt was prepared in aqueous solution, 
from which it separated in clusters of feathery needles, m. p. 194 — 
196° (decomp.). Recrystallisation from alcohol, water, or ethyl 
acetate caused no change in either its m. p. or its rotatory power, 
which was [a] 64 si -- 12*7® {c = 1*139 in pyridine ; I = 2*0). , This 
salt was also heated at 98®/16 mm,, but such treatment did not cause 
it to lose weight or to change in rotatory power. 
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4: : 4z' -Dimrboxydiphenyl diselenide was prepared by the method 
used by Bauer [Ber., 1913, 46, 92) for the preparation of analogous 
compounds. To a vigorously stirred, cooled solution of p-amino- 
benzoic acid (46 g.) in water (750 c.c.) and concentrated hydrochloric 
acid (83 c.c.), sodium nitrite solution (230 c.c. of 10%) was added. 
After 30 minutes, the solution was made alkaline to Congo-red by 
the addition of potassium acetate, and a solution of potassium 
selenocyanate (96 c.c. of 50%) was then gradually added. After 
the mixture had been stirred for 3 hours, the light brown, insoluble 
material was removed by filtration; it consisted mainly of an 
inseparable mixture of p-carboxyphenyl selenocyanate contaminated 
with 4 : 4'-dicarboxydiphenyl diselenide. In order to convert the 
selenocyanate into the diselenide, the mixture was dissolved in 
2iV^-sodium hydroxide solution, and the solution boiled for an hour, 
cooled, filtered and acidified. The precipitated 4 : 4'-dicarboxy- 
diphenyl diselenide (32 g.) separated from methyl alcohol as a pale 
yellow, microcrystalline powder, m. p. 297° (Found : C, 42*1 ; 
H, 2-5. Gi 4 Hio 04 Se 2 requires C, 42-0; H, 2-5%). 

p-Garboxyphenyl methyl selenide. To a gently boiling solution of 
4 : 4^-dicarboxydiphenyl diselenide (40 g.) in aqueous sodium 
hydroxide (240 c.c. of 10%), sodium hydrosulphite (80 g.) (or zinc 
dust, 12 g.) was gradually added. To the filtered and cooled solution, 
methyl sulphate (13 c.c.) was added in small portions with agitation, 
and after 1 hour the crude p-carboxyphenyl methyl seknide was 
precipitated by the addition of acid. When dry, it was extracted 
with benzene, in which the chief impurity, the diselenide, is insoluble ; 
20 g. separated from hot benzene as a pale yellow, microcrystalline 
powder, m. p. 174° (Found : C, 44-8 ; H, 3-8. C^HgO^Se requires 
C, 44-6; H, 3*7%). The dibromide was prepared by the addition 
of a solution of bromine (9*6 g.) in acetic acid (50 c.c.) to a slightly 
warm solution of the selenide (12*80 g.) in acetic acid (200 c.c.). The 
addition compound (22-4 g.) rapidly separated as small orange-red 
needles, which, after washing with acetic acid, turned a deep red 
above 170° and had m. p. 198 — 199° (Found : Br, 42*3. OsHfiOoSeBro 
requires Br, 42*7 %). 

p^Carboxyphenyl methyl sdenoxide was obtained (a) by triturating 
the dibromide (22*4 g.) with water (60 c.c.) and a few c.c. of 3^- 
sodium hydroxide solution until the suspension had turned com- 
pletely white, the liquor being acid to Congo-red, removing the 
selenoxide (9*80 g.) by filtration, washing with water and di^g, 
m. p. *170° (indfif.); (6) by the addition of hydrogen peroxide 
(5 b.c. of 30%) to a solution of p-carboxyphenyl methyl selenide 
(10*2 g.) in meliiyl alcohol (300 c.c.), and filtering the crystals (10 g.) 
of p-carboxyphenyl methyl selenoxide which separated over-night. 
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It crystallised from alcohol in small, hard, irregular prisms, m. p. 
183 — 184° (decomp.) (Found : C, 41*2; H, 3*7. GgHsOgSe requires 
C, 41*6 ; H, 3*6%), and the molten product rapidly set to a yellow 
solid which remelted about 250°. 

The brucine salt of p-carboxyphenyl methyl selenoxide had m. p. 
105 — 110° (see below) ; it was very soluble in cold alcohol, and when 
recrystallised from a hot mixture of alcohol and acetone was obtained 
with m. p. 151 — 153°. On investigation, it was found that during 
the recrystallisation the selenoxide had become partly reduced to 
the selenide and that the alkaloidal salt (m. p. 151 — 153°) was a 
mixture of the brucine salts of the selenoxide and the selenide. 
x4ccordingly the brucine salt was prepared in cold absolute ethyl 
alcohol and the solution allowed to concentrate in a desiccator until 
a suitable amount (m. p. 106 — 110°, decomp.) had separated. From 
this salt the selenoxide (m. p. 183 — 184°, deeomp.) could be obtained 
by decomposition with alkalis and acidification of the alkaline 
extract with acetic acid. Similarly, by the addition of dilute 
sodium carbonate solution to the filtrate from the brucine salt, 
aqueous solutions of the sodium salt of p-carboxyphenyl methyl 
selenoxide were prepared. These solutions after repeated extraction 
with chloroform to remove dissolved brucine were found to be 
either optically inactive or in some cases to give a rotation of the 
order + 0*02° — 0*04°, i.e., within the limits of experimental 
error. The various solutions of the sodium salt yielded p-carboxy- 
phenyl methyl selenoxide (as shown by its m. p., and by conversion 
into the dibromide by means of hydrobromic acid) which was 
optically inactive in either aqueous or ethyl-alcoholic solution. The 
brucine salt of p-carboxyphenyl methyl selenoxide is optically 
inactive to light of and has + 2-6° (Z = 2*0; c = 0*9864 
in ethyl alcohol). 

Battersea PoiiYTBCHNic, S.W. 11. [JSeceivec?, June 18i^, 1928.] 


GGXCVIII . — The Quadrivalency of Selenium. Part II. 
The Simple Halogen Derivatives and the Dihydr- 
oxide of i-Acetamidodiphenyl Selenide. 

By Wusoif EoBDsrsoK Gaythwaiti!, Joseph Kbeyon, and 
Heebt Phillips. 

The primary object of this investigation was to prepare and attempt 
tbe resolution of 4^minodiphmyl sdmoxide. [This selenoxide can 
be prepared indirectly &om ^-eminodiphenyl sdmida, vhich ki 
formed by tbe interacticm of benzeneseleninio add witib 
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but it proved to be unstable in the presence of acids and hence its 
resolution could not be attempted. 4:-Aeetamidodijp}ienyl sdemde^ 
however, reacts with halogens in acetic acid solution to give well- 
defined, highly coloured, crystalline dihalogen derivatives, the 
chemical properties of which have been studied in order to compare 
and contrast them with those of the dihalogen derivatives of semi- 
aromatic and aliphatic selenides. When heated, the dichloride and 
also the dibromide are converted into selenides with halogenated 
aromatic nuclei. The corresponding di4odide^ however, under the 
same treatment evolves iodine and, indeed, even when exposed to 
the air at the ordinary temperature, gradually reverts to the selenide. 

An aqueous solution of potassium bromide converts the dichloride 
into the dibromide, and this with an aqueous solution of 2 mols. 
of potassium iodide yields the di-iodide. Each of the three dihalogen 
compounds can be recrystallised from glacial acetic acid, but only 
the di-iodide is sufficiently soluble in ethyl alcohol to be recrystallised 
from this solvent. When the di-iodide is treated with a suitable 
amount of dry ether, a less highly coloured substance remains 
undissolved, which proves to be the selenide. Similarly, the 
selenide is deposited when an ethereal solution of the di-iodide is 
concentrated. The di-iodide in ethereal solution therefore dis- 
sociates into iodine and the selenide. 

Water, or more rapidly dilute alkalis, converts the dichloride and 
dibromide into the dihydroxide. Boiling water, however, is without 
action on the di-iodide which with sodium hydroxide yields its 
parent selenide. By the action of moist silver oxide, the di-iodide 
can be made to yield the dihydroxide, which is nevertheless con- 
taminated with some selenide, the latter being the sole product 
when the di-iodide is treated with warm aqueous solutions of either 
potassium iodide or sodium thiosulphate. These reactions can be 
summarised as follows : 

SePhBra-CeH^-NHAc 

Br, , H* 

X I' 

SePhla-CgHi-NHAc SePh-OgHi-iraAc SePhO-CeHj-NHAc 



SePhCIgCoHj-NHAc^ SeP}i(OH)a*OeH4-NHAo SePhO-CgH^-NHa 

4-Aoetamidodi^eiijl selenide dihydrozide can also be obtained 
by the action of hy^ogen peroxide on the selenide, and can be 
leaysfallised from hot ■water. On fusion (147 — 148°) it loses -vyaier. 
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and the corresponding selenoxide is formed, which, when heated 
more strongly, darkens, suddenly evolves oxygen^ and leaves a fluid 
mass of pure 4-acetamidodiphenyl selenide. This behaviour is in 
marked contrast to that of 4-amino-4'-methyldiphenyl sulphoxide 
which can be heated well above its m. p. without showing any sign 
of decomposition. At a lower temperature and pressure, 4-acet- 
amidodiphenyl selenide dihydroxide loses water in a mann^ which 
is strongly reminiscent of the conversion of a-dimethyltelluronium 
dihydroxide into a telluroxide (Vernon, J., 1920, 117, 86, 889). By 
the action of the halogen acids on aqueous solutions of this tellur- 
oxide, Vernon obtained dimethylteUuronium dihalides, which 
differed in chemical and physical properties from the corresponding 
dihalogen compounds obtained from aqueous solutions of the p-di- 
methyltelluronium dihydroxide ; he concluded that the four groups 
of the isomeric dimethylteUuronium dihydroxides were in the same 
plane as the central tellurium atom, and that the a-base was the 
toiw-isomeride, whilst the teUuroxide after recombination with 
water gave the cis-isomeride. 




-H3O 






^Te<0= 


CH. 


a-tram. 


No analogous change occurs, however, when 4-acetamidodiphenyl 
selenide dihydroxide loses water, since the same dihalogen com- 
pounds were obtained from the dihydroxide as from the selenoxide. 
These dihalogen compounds were also identical with those prepared 
from 4-acetamidodiphenyl selenide by the direct addition of halogen. 

The behaviour of the dihalogen derivatives and dihydroxide of 
4-acetamidodiphenyl selenide is therefore consistent with a con- 
stitution such as . 

It may be pointed out, however, that during all the reactions 
described, the selenide molecule remains intact and in no instance 
is a carbon-selenium bond broken. The ease with which 4-acet- 
amidodiphenyl selenoxide loses 02 ygen is noteworthy as suggesting, 
but in no way proving, that oxygen may be Imked to selenium by 
a linking weaker than a semipolar double bond. 


Expeeimental. 

4^-Aminodifhenyl selenide was prepared by heating a mixture of 
benzeneseleninio acid (20 g.) and aniline (80 c.c.) at 110 — 116° for 
6 hours. After removal of the unchanged aniline in a current of 
steam, the dark^solonred residue was extracted with hot dilute 
hydrochloric acid. On addition of sodium carbonate to the 
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extract, the selenide was precipitated as a pmk, microcrystalline 
powder (yield, 12 — 15 g.). 4-Aminodipheiiyl selenide separates 
from aqueous alcotol (norit) in clusters of almost colourless, prismatic 
needles, m. p, 93 — 94° (Pound : N, 5*7. CigHnNSe requires N, 6'6%). 
The base is readily soluble in hot dilute hydrochloric acid, and on 
cooling, the hydrochloride, separates as small, feathery needles, m. p. 
159° (Pound : HCl, by titration, 13-0. Cx 2 Hi 2 NSeCl requires 
Hd, 12*9%). Addition of sodium carbonate solution to the hydro- 
chloride regenerates the pure base. 

By the interaction of aniline and benzenesulphinic acid, Hinsberg 
(Ber., 1908, 41, 113) obtained 4-aminodiphenyl sulphoxide. The 
foregoing reaction of benzeneseleninic acid doubtless proceeds by 
the same mechanism, but the selenoxide produced is reduced to the 
selenide by the excess of aniline. 

4-Acetamidodiphmyl selenide was prepared by warming together 
4-aminodiphenyl selenide (3‘8 g). and acetic anhydride (4 c.c.). 
The product (4-2 g.) separated from aqueous alcohol in glistening 
leaflets, m. p. 169—170° (Pound: C, 58-2; H, 5-0; N, 4-8. 

requires C, 57*9; H, 44; N, 4*8%). 4-Acetamido- 
diphenyl selenide decomposes when heated with mineral acids. It 
undergoes hydrolysis smoothly, however, under the following con- 
ditions : A solution of the selenide (2 g.) in alcohol (10 c.c.) was heated 
under reflux with 3A^-sodium hydroxide solution (10 c.c.) for 6 
hours; on cooling, the regenerated base (1*65 g.) crystallised from 
the reaction mixture, and after crystallisation from alcohol, had 
m. p, 93 — 94°. 

4:~Acetamidodiphenyl Selenide Dihydroxide, — ^To a cooled mixture 
of 4-acetamidodiphenyl selenide (5*8 g.) and glacial acetic acid (10 
c.c.), perhydrol (4 c.c.) was gradually added; the dihydroskde 
(5-7 g.) separated from ttie resulting clear solution on standing, and 
after crystallisation from boiling water (700 c.c.) had m. p. 147 — 
148° (decomp.) (Found: C, 51*9; H, 5*0; N, 4-3. Ci^HigOaNSe 
requires 0, 61*9; H, 4-6; IsT, 4*3%). When a large excess of 
perhydrol was used the same compound was obtained, and no trace 
of the corresponding selenone could be detected. When heated for 
a few minutes with zinc dust and glacial acetic acid 4-acetamido- 
diphenyl selenide dihydroxide was quantitatively reduced to the 
corresponding selenide. It dissolved in waim A^/2-hydrochloric 
acid, and when the solution was heated on the steam-bath for an 
hour glistening leaflets of 4-acetamidodiphenyl selenide separated. 
Some of the dissolved dihydroxide reappeared as tarry material 
and the solution possessed oxidising properties, consistent with the 
view that it contained hypochlorous acid which had resulted from 
the dissociation of a selenide hydroxychloride. 4- Acetamidodiphenyl 
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selenide dihydroxide was melted over a small flame and the coloiir 
less liquid heated until there was no further loss of moisture (Found : 
HgO, 5-56. Calc. : 5-56%). When the homy mass thus obtained 
was heated more strongly, it darkened, suddenly evolved a gas, and 
the residual fluid became crystalline on cooling. By recrystallisation 
from alcohol, this residue was obtained as colourless leaflets (1*0 g.), 
m. p. 166 — 168°, either alone or when mixed with 4-acetamido- 
diphenyl selenide. 

4:-A(^tamidodiphenyl Selenoxide. — 4-Acetamidodiphenyl selenide 
dihydroxide (4 g.) when heated under a pressure of 20 mm. effervesced 
vigorously at 120 — 130° and became fluid. After 20 minutes, the 
effervescence ceased and the liquid crystallised although its temper- 
ature was 130°, The solid, 4:‘acetamidodip7ienyl selenoodde, was 
recrystallised from dry chloroform and obtained as small, ill-defined 
crystals, m. p. 144 — 146° (Found : C, 54*8 ; H, 4*6 ; N, 4*6. 
Ci 4 Hi 30 ^Se requires C, 54-9; H, 4’3; N, 4*6%). Unlike the 
original dihydroxy-compound, the selenoxide does not decompose 
on melting : the m. p. of the dihydroxy-compound is really the 
temperature at which it loses water at ordinary pressure. 

When a hot aqueous-alcoholic solution of 4-acetamidodiphenyl 
selenoxide was cooled, crystals of the corresponding dihydroxide, 
m. p. 147 — 148° (decomp.), were deposited. The dihalides, obtained 
in quantitative yields by the addition of concentrated solutions of 
hydrochloric, hydrobromic, or hydriodic acid to a warm solution of 
the selenoxide in glacial acetic acid, were identical with the dihalides 
obtained in a similar manner from the corresponding dihydroxide. 

4:-Aminodiphenyl sdenoxide was prepared by heating a solution 
of 4-acetamidodiphenyl selenide dihydroxide (1*7 g.) in alcohol 
(15 c.c.) with sodium hydroxide solution (10 c.c, of 3^) for 6 hours ; 
on cooling, the selenoxide (1*3 g.) separated as glistening needles, 
m. p. 188 — 189° (decomp.) (Found: C, 64*4; H, 4*1; N, 6*4; 
Se, 30*4. CjgH^iONSe requires 0, 64*6; H, 4*2; N, 5*3; Se, 
30*0%). This compound was also prepared from 4-ammodiphenyl 
selenide as follows : The selenide (7*5 g.), dissolved in acetone 
(30 C.C.), was mixed with perhydrol (4*5 c.c.), and the crystals 
(6*2 g.) which separated on standing were filtered off and washed 
with acetone (m. p. 180 — 181°). They were recrystallised, together 
with a second crop (0*6 g.) obtained from the filtrate, from methyl 
alcohol, and then had m. p. 187 — 189° either alone or when mixed 
with the selenoxide prepared from 4-acetamidodiphenyl selenide 
dihydroxide as described above. 4-Aminodiphenyl selenoxide was 
quantitatively reduced to the corresponding selenide by treatment 
with zinc dust and a solution of sodium hydroxide. 

£eaaim wilh dihuU hgdrocMoric acid. The fineIy-powdis|^| 
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selenoxide (1 g.) was triturated with dilute hydrochloric acid (50 
c.c. of Nj2). The reaction mixture was filtered, and from the acid 
filtrate 4-aminodiphenyl selenide (0-2 g.), m. p. 93 — ^94°, was -precip- 
itated by the addition of sodium bicarbonate. No crystalline 
product could be isolated from the tarry, insoluble material. 

A^AcetamidodipTimyl seUnide dichloride was prepared by the 
addition of a mixture of concentrated aqueous hydrochloric acid 
(2 c.c.) and acetic acid (3 c.c.) to a warm solution of the dihydroxide 
(1-53 g.) in glacial acetic acid (4 c.c.) ; the dichloride which separated ' 
crystallised from acetic acid (30 c.c.) as almost colourless, bulky, 
feathery needles (1*6 g.), which turned yellow about 125® and had 
m. p. 131—132° (Found: d, 19*6. requires 

Cl, 19*6%). When chlorine was passed into a solution of 4-acet- 
amidodiphenyl selenide in acetic acid, a white, crystalline compound 
was precipitated, m. p. 186 — 187°, which contained chlorine not 
displaceable by the action of aqueous sodium hydroxide. Even 
when the equivalent amount of chlorine, dissolved in acetic acid, 
was added to an acetic acid solution of the selenide, the product 
obtained melted indefinitely at 110 — 120°. Thus chlorine, in 
contradistinction to bromine and iodine, appears to react with the 
acetamido-group. By treatment either with much water or with 
dilute sodium hydroxide solution, the dichloride was converted 
quantitalively into the dihydroxide, whilst when triturated with a 
cold, concentrated, aqueous solution of potassium bromide (2 mols.), 
it was rapidly and quantitatively converted into the brightly 
coloured dibromide* 

4:-AcetamidodipJienyl selenide dibroinide was prepared by mixing 
solutions of bromine (1*8 g.) and 4-acetamidodiphenyl selenide 
(3-5 g.) in acetic acid (95 c.c, in all) ; hemispherical clusters of small 
red needles (5*05 g.) separated rapidly. After recrystallisation 
from warm glacial acetic acid, the (hbromide turned bright red at 
100° and melted to a deep red liquid at 135 — 136° (Found : C, 37*2 ; 
H, 3*9; N, 3*1; Br, 35*1. requires C, 37'3; 

H, 2*9; N, 3*1; Br, 35*4%). When zinc dust w^as added to a 
suspension of the dibromide in acetic acid, 4-acetamidodiphenyl 
selenide was obtained. On grinding with sodium hydroxide solu- 
tion (35 c.c. of the highly coloured dibromide (17*6 g.) was 
converted into the colourless dihydroxide (10 g.), m. p. 147 — 148°, 
with evolution of steam. The same reaction was effected, only 
more slowly, by the use of cold water. Hydrobromic acid was 
evolved when 4-acetamidodiphenyl selenide dibromide was heated 
at its m. p. for | hour ; the resulting deep red paste was washed with 
ether, and the insoluble grey powder was crystallised from alcohol, 
from which it separates as colourkss, glistening needles, m. p. 167°. 
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This compound contains bromine but gives no precipitate when heated 
with alcoholic silver nitrate solution (Found : Br, 34 * 7 . 
C 14 H ijONBrgSe requires Br, 35-2%); the bromine had therefore 
migrated from the selenium atom to one of the benzene nuclei, 
producing, probably, 3 : 6-dibromo-4-acetamidodiphenyl selenide, 

4:-Acetamidodiphenyl oeUnide di-iodide, (a) A solution of iodine 
(1'3 g.) in warm acetic acid (29 c.c.) was added to a solution of 
4 -acetamidodiphenyl selenide (145 g.) in acetic acid (30 c.c.); 
after a few minutes, the di-iodide separated in bulky rosettes of fine 
needles (2-3 g.), m. p. 144 — 145® (decomp.) (Found : I, by titration, 
46'6. Ci 4 Hi 30 Nl 2 Se requires 1, 46‘7%). ( 6 ) Concentrated aqueous 
hydriodic acid (10 c.c.) was added to a warm solution of the di- 
hydroside ( 0-8 g.) in acetic acid (10 c.c.}, and the di-iodide ( 1-0 g.), 
m. p. 144 — 145® (decomp.) either alone or when mixed with the 
compound prepared as described under (a) or (c), was obtained. 
Fuirthermore, when 4-acetamidodiphenyl selenoxide was used in the 
above experiment in place of the dihydroxide, an identical di-iodide 
was obtained, (c) The dibromide ( 1*12 g.) was triturated with a 
solution of potassium iodide (0-83 g. ; 2 mols.) in water (1 c.c.) 
during 20 minutes ; the orange dibromide gradually changed to the 
chocolate-brown di-iodide, which was washed with water and 
recrystalhsed from alcohol or acetic acid. 

4 -Acetamidodiphenyl selenide di-iodide, when heated at its m. p. 
for an hour, gave a copious sublimate of iodine, whilst the residue, 
after crystallisation irom aqueous alcohol, had m. p. 93 — 94® either 
alone or when mixed with 4-acetamidodiphenyl selenide. This 
change proceeds slowly at ordinary temperatures : a specimen of the 
di-iodide exposed to the air was found to have changed completely 
to the selenide after 10 days, 

Battebsea Polytechnic, S.W. 11. [Received, June \Wi, 1928.] 


CCXC5IX . — The Qvadrivalency of Selenium. Part III. 
The Instability of the Compounds of Quadrivalent 
Selenium derived from Phenyl Me^yl and Phenyl 
E^yl Selenides and Phenyl- and p-Tolyl-seleno- 
glyadUc Acids. 

By OTiraK KBMPSTEiB Edwabds, Wilson Robinson Gat- 
THWAiTE, Joseph ELenyon, and BDenby Phillips. 


OwiNO to their instability, much difficully has been experienoed 
in the prejmiration of selenoxides containii^ an alkyl group attadied 
to the selenium atom. Suoh selenozides have been found to decom- 
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pose on heating mainly as indicated by the equation SeRO*CH 2 R = 
SeRH + OtCHR. They difier widely in this respect from purely 
aromatic selenoxides, such as 4-acetamidodiphenyl selenoxide, which, 
as described in the preceding communication, decomposes on 
heating into the corresponding selenide and oxygen. 

Sulphoxides containing an alkyl group attached to the sulphur 
atom are known to undergo a similar change. For example, 
Fromm and Achert (Ber,, 1903, 36, 634) obtained benzaldehyde by 
heating benzyl sulphoxide ; Smythe (J., 1909, 95, 349) showed that 
during the interaction of this sulphoxide with hydrogen chloride 
in various solvents, benzaldehyde, benzyl mercaptan, dibenzyl 
disulphide, and benzyl chloride were produced. Similarly, Fichter 
and Sjostedt (5er., 1910, 43, 3422) and Fichter and Wenk {J5er., 
1912, 45, 1373) showed that the controlled electrochemical oxidation 
of phenyl ethyl sulphide yielded phenyl mercaptan and acetaldehyde. 
Pummerer (JSer., 1909, 42, 2282 ; 1910, 43, 1404), who investigated 
the conversion of phenyl- and p-tolyl-sulphoxyacetic acids into 
glyoxylic acid and the corresponding aromatic thiols (by the agency 
of heat or traces of mineral acids), was led to suggest, as the under- 
lying cause, the tendency on the part of such sulphoxides to assume 
an isomeric form by a process analogous to the keto-enol change. 
On the electronic conceptions of valency, Pummerer’s formulation of 
the initial step in the decomposition could be written 

R-foHgR R-f^. 

Since we find that selenoxides of analogous constitution 'to the 
sulphoxides mentioned decompose in a similar fashion, it is possible 
that selenoxides also may undergo an isomeric change of this nature. 
The following compounds of quadrivalent selenium have therefore 
been investigated in order to obtain evidence as to whether the 
migration of hydrogen is an initial phase of their decomposition. 

Phenyl methyl sdenide dibromide, prepared by the addition of 
bromide to phenyl methyl selenide, is a well-defined, bright red 
crystalline substance. On heating at about 100® it decomposed 
quantitatively into methyl bromide and bromoselenobenzene. 
When triturated at 40® with a concentrated solution of potassium 
iodide, the dibromide was converted into the di4odide ; if, however, 
the dibromide was treated with a cold solution of potassium iodide 
of the same concentration, a frromo-iodide was obtained in theoretical 
yield. This compound, on heating, decomposed quantitatively to 
give methyl iodide and bromoselenobenzene. These results clearly 
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indicate that the bromine atoms of phenyl methyl selenide dibromide 
are not linked in the same manner to the selenium atom, and hence 

Phv + yBr 

agree with a formula such as ^e^ - . 

Me/ Br 

The facility with which the dibromide and the bromo-iodide 
decompose into alkyl halogen compounds and bromoselenobenzene 
is most marked, and that the presence of the methyl group is in 
some way responsible is evident, since diphenyl selenide dibromide 
(KrafiEt and Lyons, Ber., 1894, 27, 1761) has been found to decompose 
into bromodiphenyl selenide and hydrobromic acid, whilst 4-acet- 
amidodiphenyl selenide dibromide yields 3 ; 6-{ ?)dibromo-4-acet- 
amidodiphenyl selenide and hydrobromic acid (preceding communic- 
ation). The mode of decomposition of phenyl methyl selenide 
bromo-iodide is therefore not inconsistent with the view that such 
decompositions pass through a preliminary phase, as indicated below, 
which involves the loss of a proton by the methyl group and causes 
this group to become less firmly attached to the selenium atom. 



CHa HI-' 


PhSeBr 

+ 

Mel 


Phenyl ethyl selenide dibramide was also found to decompose 
quantitatively when heated at 130° into ethyl bromide and bromo- 
selenobenzene. 

Phenyl rnethyl selenide dihydroxide, prepared by treating a solution 
of the ^bromide in water with silver oxide, and concentrating the 
filtrate in a vacuum, was obtained as a viscous oil, which, when 
heated at 100°/16 mm. or at 170°/760 mm., decomposed yielding 
phenyl methyl selenide, diphenyl diselenide, and formaldehyde. 
The phenyl methyl selenide may have been produced by the reduction 
of the dihydroxide or selenoxide by the other products of the 
decomposition. The formation of formaldehyde is in agreement 
with the view that phenyl methyl selenoxide may exist in two isomeric 
forms which, being unstable, decompose thus : 



-H,0 Pli + '- 

-^S>s-o 


I 


^+0 


PhSeH + CHaO 


UnsaocessM attempte were made under various ezpeiinMHittd': 
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conditions to cause phenyl methyl selenide dihydroxide to lose water 
and yield a selenoxide. These experiments led to the conclusion 
that the selenoxide, when formed, immediately decomposed, and 
they were therefore abandoned. 

Phenyl ethyl selenide dihydroxide, prepared from the dibromide 
by similar methods, was found to be less stable than its lower 
homologue, and decomposed yielding mainly diphenyl diselenide, 
even when left in a vacuum desiccator containing sidphuric acid. 

Phenyl- and ^-Tolyl-rnefhylseUnetine Bromides, — ^Phenylmethyl- 
selenetine bromide, prepared by the method of Pope and Neville 
(J., 1902, 81, 1552), was found to decompose smoothly and quantit- 
atively at its m. p. into methyl bromide and phenylselenoglycoUic 
acid : 


PL 


e/ Br 


CHa-COjH 


C5H,(SePh)-C02H + MeBr 


Similarly, phmylsdenoglycoUic acid dibromide decomposed "when 
heated, yielding bromoselenobenzene and bromoaoetic acid. 
Attempts -were made to prepaie phenylethylselenetine bromide by 
the interaction of phenyl ethyl selenide and bromoacetic acid; 
phenylselenoglycoUic acid was, however, the only product isolated, 
owing, presumably, to the ease with which the selenetine bromide 
' produced decomposed. 

p-Tolylmethylselmetim bromide was also prepared from p-tolyl 
methyl selenide and bromoacetic acid. On heating, it softened at 
85 — 88°, turned more definitely crystalline, and finally became molten 
at 96 — ^97°, the m. p. of p-tolylselenoglycollic acid (Morgan and 
Porritt, J., 1925, 127, 1758). 'V^en treated with a molecular pro- 
portion of bromine in cold carbon tetrachloride solution, p-tolyl- 
methylselenetine bromide was converted into p-tolylselenoglycollic 
acid dibromide which, on heating, decomposed smoothly into 
p-bromoselenotoluene and bromoaoetic acid. The replacement of 
the methyl group of p-tolylmethylselenetiue bromide by means of 
bromine occurs with great readiness. This possibly explains why 
we were unable to obtain p-tolylselenoglycoUie acid tetrabromide by 
the action of excess of bromine on p-tolylselaioglyool!ic acid, as 
described by Morgan and Porritt (Zoc, eif.). We found, in agreement 
with the results of our other experiments, that the dibromide pro- 
duced as an initial stage of the reaction was converted by the 
excess of bromine into p-bromoselenotoluene dibromide and bromo- 
acetic acid. The results of the experiments with these compotmds 
can be summarised as follows : 



THE QtrADWyALBNOY OF SELENIUM. PABT in. 2297 



•OOaH 

OHg-CeH^-Se-CHg-COaH + MeBr 



I'COgH 

CH3-C6H4-SeBr + CHaBrCOaH 




CH3*C6H4-SeBr3 + CHgBr-COgH. 


All the decomposition reactions which have been described support 
the contention that the withdrawal of aliphatic groups from their 
combination with quadrivalent selenium may be facilitated by their 
ability to provide a proton. The most striking example is the 
decomposition of p-tolylselenoglycoUic acid dibromidCj which does 
not decompose into f)-tolylselenoglycollic acid and bromine, as might 
be expected (compare Morgan and Porritt, Hoc. but into bromo- 
selenotoluene and bromoacetic acid. 


Experimental. 

The Action af Beat on PhenylmethylseUnetine Bromide, — ^Phenyl- 
methylselenetine bromide was prepared by the method of Pope and 
NeviUe {he, cit), Equimolecular amounts of phenyl methyl selenide 
(8-6 g.) and bromoacetic acid (7*0 g.) were gently warmed until 
molten and allowed to stand over-night ; dry ether was then added 
to tiie reaction mixture from which a mass of crystals had separated. 
The white, additive compound (7*6 g.) removed by filtration had 
m. p. 110—111°, with evolution of a gas. After recrystallisation 
from a mixture of alcohol and ether, the phenyhnethylselenetine 
bromide had m. p. 111° as recorded by Pope and Neville. 

04666 G. of this bromide was heated at about 110° until the 
evolution of gas had ceased ; the gas was passed into an aqueous- 
alcoholic solution of silver nitrate and produced a copious precipitate 
of silver bromide. The residual product when cold weighed 0-3256 
g., the loss being 30*2% (Calc, for loss of C!H 3 Br, 30-6%). The 
residual product was an acid (Pound : equiv., 230. Phenyl- 
selendglywllic acid, OgHg-Se'CSBg'COgH, requires equiv., 216). 
The acid thus obtained in another experiment was seeded with 
phenylselenoglyeollic acid and set to a mass of colourtess ciystals, 
m, p, 36—37°, either alone or when mixed with phenylsdenoglycoHic 
acid prepared by the method of Morgan and Porritt {loc, eiL), 
(Although the acid was obtained as described by these authors, yet 
the physical constants record^ by them, b. p. 160°/760 mm., 
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40°, are considerably diJSerent from those now found, viz,, b. p. 
197— 198°/10 mm., m. p. 36—37°.) 

It was not found possible to synthesise phenylmethylselenetine 
bromide from phenylselenoglycoUic acid and methyl bromide. A 
dry ethereal solution of these two substances was kept in a stoppered 
bottle for 60 days, but did not deposit crystals of the insoluble 
selenetine bromide. Further, phenylmethylselenetine bromide was 
heated in a sealed tube at 110° until completely molten; after 24 
hours, the tube (the contents of which were stiU fluid) was opened 
and found to be under considerable pressure, which was due to the 
presence of methyl bromide, since the still molten contents of the 
tube crystallised when inoculated with a crystal of phenylseleno- 
glycollic acid. 

PMnyUehnoglycoUic acii dibromide was prepared by the addition 
of a solution of bromine (8 g.) in warm carbon tetrachloride (50 c.c.) 
to a hot solution of phenylselenoglycollic acid (10’75 g.) in carbon 
tetrachloride (500 c.c.}. The additive compound (18*3 g. ; yield 
97%) separated in very small, yellow, ill-defined needles, which 
melted at 126° to a deep red liquid (Found : Br, 42*3. 08H802Br2Se 
requires Br, 42*7%), and were almost insoluble in carbon tetra- 
chloride, chloroform, benzene, or carbon disulphide; they dissolved 
in about 10 times their weight of hot glacial acetic acid, but on 
cooling, the solution deposited deep red crystals of bromoseleno- 
benzene, m. p. 61°, in almost theoretical amount (Found : Br, 33*9. 
Calc.: Br,33-9%). 

Action of Heat on PhenylselenoglycoUic Acid Dibromide. — (a) 
When this dibromide (3-7 g.) was heated, the products of decom- 
position distilled at 100 — 102°/12 mm. and set 40 a brownish-red, 
crystalline mass. When about two-thirds of the material , had 
distilled, the temperature began to rise and the distillation was 
stopped. The distillate was separated by light petroleum into 
brownish-red crystals of bromoselenobenzene (m. p. 61°) and very 
hygroscopic, colourless plates, m. p. 46° (see below). The undis- 
tilled residue was separated by means of warm light petroleum into 
bromoselenobenzene and diphenyl disdenide (m. p. 63°). (6) 
Phenylselenoglycollic acid dibromide (3-7 g.) was melted and the 
cooled melt extracted several times with cold light petroleum; 
the residue consisted of almost colourless crystals which separated 
from hot light petroleum in transparent, colourless leaflets, m. p. 
46—47°, either alone or when mixed with bromoacetic acid. The 
extracts on evaporation gave bromoselenobenzene together with a 
small amount of diphenyl diselenlde. It is therefore evident that 
phenylselenoglycollic acid dibromide decomposes at its m. p. mainly 
thus : CH2(SeBr2Ph)-C02H ^ PhSeBr + CHgBr-COaH. 
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^•TolylimthyUeleTietine Bromide , — cold liquid mixture of p-tolyl- 
methyl selenide (3-7 g.) and bromoacetic acid (2*8 g.), after standiig 
over-night, set to a mass of long, glistening needles, which, when 
separated from the admixed oil by means of porous earthenware, 
weighed 3-7 g. A portion (0*2 g.) of this p-tolyhnethylselenetine 
bromide was placed in a test tube and plunged into boiling water ; 
the compound slowly melted, without visible effervescence, but a 
strong odour of methyl bromide was developed. The resulting oil 
immediately set to a crystalline mass, m. p. 96 — ^97°, either alone or 
when mixed with p-tolylselenoglycollic acid (Morgan and Porritt, 
foe. ciL). 0*1964 G., heated until completely molten, lost 0*0582 g. 
(Found : loss, 29*7. Calc, for CHgBr, 29*3%).- 

jp-TolylselenoglyeoUic acid dibromide (compare Morgan and 
Porritt, foe. cit) was prepared by two methods, {a) A solution of 
bromine (1*4 g.) in carbon tetrachloride (25 c.c.) was added to a hot 
solution of ^)-tolylselenoglycollic acid ( 1*8 g.) in the same solvent 
(100 C.C.); the yellow needles of the additive compound (3*1 g.) 
melted at 103 — 104° to a deep red liquid. ( 6 ) A solution of bromine 
(0*4 g.) in carbon tetrachloride (25 c.c.) was added to a cold solution 
of p-tolylmethylselenetine bromide (0*65 g.) in carbon tetrachloride 
(300 C.C.); the yellow needles (0*8 g.), which began to separate 
immediately, had m. p. 100 — 101 °, either alone or when mixed with 
the dibromide prepared as in (a). 

Action of heat on 'p4olylsdenoglycollic acid dibromide. This 
compound (1*5 g.) was heated at its m. p. for a few minutes, and 
the deep red liquid, which set to a semicrystallme mass on cooling, 
was extracted several times with small amounts of cold light petrol- 
eum ; the insoluble residue (0*43 g.) consisted of colourless, hygro- 
scopic leaflets, m. p. 48 — 49° either alone or when mixed with bromo- 
acetic acid. The extracts, on evaporation at the ordinary temper- 
ature, gave a reddish-brown oil which could not be induced to 
crystallise; that it is ^-bromoselenotoluene is rendered highly 
probable by its ready reduction with aluminium amalgam in moist 
ethereal solution to di- 39 -tolyl diselenide, m. p. 47°; aluminium 
bromide was obtained on washing the ethereal solution with 
water. 

i^BromosdeTiotoluene dibromide was prepared by three methods. 
(a) ^-Tolueneseleninic acid (1*02 g.) was triturated with concen- 
trated aqueous hydrobromic acid (6 c.c.), and the orange-red powder 
(2 g., m. p. 80 — ^90°) which separate was recrystalEsed from 
chloroform ; red needles, m. p. 113^ — 114° (decomp.). ( 6 ) A solution 
of bromine (6*5 g,, 3 inols.) in carbon tetrachloride (15 c.c.) w^ 
added to a warm solution of di-p-tolyl diselenide (0*34 g.) in warm 
carbon tetrachloride (25 c.c.); on cooling, orange-red le^ets^ 
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{0'6 g.) separated, m. p. 114 — 115® (decomp.), (c) Solutions of 
broHpine (0*9 g., 2 mols.) and of p-tolylselenoglyeollic acid (0*57 g.) 
in chloroform (20 c.c. in all) were mixed and became warm; on 
cooling, deep red needles were deposited, m. p. 113 — 114° (decomp.) 
either alone or when mixed with the compound prepared as described 
under (a) or (6). There can be no doubt therefore that this com- 
pound is actually p-bromoselenotoluene dibromide, and not p-tolyl- 
selenoglycollic acid tetrabromide as supposed by Morgan and 
Porritt (loc. ciL), p-Bromoselenotoluene dibromide dissolves in hot 
water and the resulting colourless solution on cooling deposits 
colourless needles, m. p. 169 — 170® either alone or when mixed with 
p-tolylseleninic acid. 

If preparation (c) be attempted in carbon tetrachloride, of which 
100 c.c. are necessary to dissolve the acid, the sole product of the 
reaction is p-tolylselenoglyooUio acid dibromide. 

Phenyl methyl sdenide dibromide was prepared by the addition of 
bromine (33 g.) in carbon disulphide (30 c.c.) to phenyl methyl 
selenide (35 g.) in the same solvent (120 c.c.). The warm solution 
deposited the additive compound almost immediately as long, 
yellow, glistening needles (yield 95%) which turned brown at about 
100® and melted at 115 — 116® (decomp.) ; it is soluble in water to 
the extent of about 6%, and the colourless solution is acid to Congo- 
red and when cooled or concentrated deposits the dibromide 
unchanged in m. p. (Found : Br, 48*0. CYHgSeBrg requires Br, 
48-3%). 

Adrian of heat on phe7iyl unethyl aehnide dibromide. The dibromide 
(i-9940 g.) was heated at 120 — 130° for about 10 minutes, by which 
time decomposition had ceased. The evolved gas was pas^ into 
an alcoholic solution of silver nitrate and caused the precipitation of 
silver bromide. The loss in weight was 0^5684 g, or 28-50% (Calc, 
for loss of CHgBr, 28-46%). The non-volatile residue set to a 
bpownish-red, crystalline mass, m- p. 60 — 61°, which separated from 
light petroleum as deep gamet-red cubes, m. p. 61°, alone or when 
mixed with bromoselenobenzene. 

Phenyl methyl sdenide di-iodide was prepared by triturating the 
dibromide (2 g.) at 40° with a solution of potassium iodide (2 g. ; 
2 mols.) in water (10 c.o.). The chocolate-coloured powder obtained 
(2-65 g. ; calc., 2-60 g.), after washing and drying had m. p. 67 — ^70®, 
and crystallised from alcohol in glistening, purple,^ short prisms, 
m. p. 6^71® {Found : I, 59-4. C^Hgl^Se requires I, ,69*8%). 

Phenyl me&yl seknide bromo-iodide was prepared by triturating 
phenyl methyl selenide dibromide (3 g.) with a cold solution of 
potassium ioeJide (3 g. ; 2 mols.) in water (15 c.o.). The bromo- 
iodide {3*5 g.) was deep red and separated from alcohol in red. 
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ill-defined* compact crystals (3-1 g.), m. p. 86® (decomp.) (Found : 
Br + I, 55-6. CyHgBrISe requires Br + I, 54-8%). When tritur- 
ated with a warm solution of potassium iodide it was mmedi- 
ately converts into the di-iodide, m. p. and mised m. p. 67 — 70® 
(decomp.). 

The action of heat on phenyl methyl sdenide bromo-iodide, 1-0056 
G. of the bromo-iodide were heated at 100® and the distillate was 
collected. The non-volatile residue weighed 0*7636 g. (Foxmd: 
loss, 34*1. Cialc., for Mel, 37*6%; for MeBr, 25-1%), and when 
crystallised from light petroleum had m. p. 61®, eitW alone or 
mixed with bromoselenobenzene. The distillate was a colourless 
liquid which was non-volatile at the ordinary temperature, contained 
iodine, and combined with pyridine on warming. Phenyl methyl 
selenide bromo-iodide therefore decomposes on heating according to 
the equation SePhMeBrl = SePhBr -f Mel. 

Phenyl methyl selenide dihydroxide was prepared by the trituration 
of a mixture of phenyl methyl selenide dibromide (10 g.), silver 
oxide (12 g.), and water (100 c.c.) until the yellow colour of the 
dibromide had disappeared. The colourless filtered solution on 
evaporation and desiccation gave about 8 c.c. of a viscous oil which 
could not be induced to crystallise. This compound was not analysed 
since it could not be completely freed from moisture without decom- 
position, but its identity was established by its immediate conversion 
into phenyl methyl selenide dibromide, m. p. 115 — 116®, on the 
addition of aqueous hydrobromic acid. 

Action of heat on phenyl me£hyl sdenide dihydroxide. The above 
compound (4 o.o.), contained in a small distillh^ flask, was gradually 
heated in an oil-bath ; at 135 — :J56® (bath temp.) some .of the 
admixed water distilled, and at 175 — 180® one or two drops of an 
oily material distilled over and dissolved in the water into which 
the side-arm of the flask dipped; at 185®, a sudden decomposition 
ensued and some material distilled. The residue in the flask 
(about 1 g.) set immediately to a yellow, orystaDIne mass, m. p. 
63 — 64°, after inoculation with a crystal of diphenyl diselenide. The 
water into which the products of decomposition had been led con- 
tained globules of oil, which was Isolated with ether and distilled ; 
the distillate (about 1 g.) had b. p. 202 — ^203® and was identified as 
phenyl Bmthyl selenide by its complete conversioninto the dibromide, 
m, p. 115 — 116°. The water, after removal of the oil, gave a silver 
mirror with ammoniacal silver oxide, restored the colour to Sehiff *s 
reagent, gave the characteristic odour of formalin on evaporation, 
and left a small amount of white, amorphous, insoluble material. 
Tbare can thus, be little doubt that formaldehyde is one of the dsxmsr 
position products of phenyl methyl selenide dihydroxide. Simiiiar 
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products were obtained when the decomposition was carried out at 
100715 mm. 

Phenyl ethyl selenide dibromide was prepared by mixing phenyl 
ethyl selenide (5-55 g.) and a solution of bromine (4-9 g.) in carbon 
disdphide (20 c.c.). After several hours, the separated crystalline 
material (10 g.), m. p. 79°, was crystallised from ether and obtained 
as light red, transparent, stout, prismatic rods melting at 84° to a 
deep red liquid (Found : Br, 46*4. CgHioBigSe requires Br, 46*4%). 

Action of heat an phenyl ethyl selenide dibromide. This compound 
(2*0044 g.) was heated in a bath at a temperature not exceeding 130° 
until decomposition was complete (10 mins.). The residue (1*3738 
g.) set to a brownish-red, crystalline mass, m. p. 60 — 61°. The 
vapour evolved during the decomposition gave a copious precipitate 
of silver bromide when passed into an aqueous-alcoholic solution of 
silver nitrate. The decomposition of the dibromide therefore takes 
place according to the equation SePhEtBr^ = SePhBr + EtBr 
(Pound : loss, 31-3. Calc, for loss of 02H5Br, 31*6%). The solid 
product of the decomposition separated from light petroleum as 
deed gamet-red cubes, m. p. 61° either alone or when mixed with 
bromoselenobenzene. 

Interaction of Phenyl Ethyl Selenide and Bromoaeetic Acid. — ^Phenyl 
ethyl selenide (6*55 g.) and bromoacetic acid (4*17 g.) were mix^ 
and a little dry ether was added to render the mixture homogeneous. 
After standing for 3 weeks, the product had set to a mass of crystals, 
which, after draining on porous earthenware, had m. p. 35 — ^36° either 
alone or when mixed with phenykelenoglycollic acid of m. p. 36 — ^37°. 

Action of Heat an Diphenyl Selenide Dibromide. — ^Diphenyl 
selenide and diphenyl diselenide were prepared by the method 
of KrafEt and Lyons {Ber., 1894, 27, 1761). Diphenyl selenide 
dibromide was obtained in 95% yield by mixing bromine (4*9 g.) 
and diphenyl selenide (7 g.) each dissolved in 15 c.c. of carbon 
disulphide. This solvent is preferable to ether, since the m. p. of the 
diphenyl selenide dibromide (154°, unaltered by recrystaUisation) 
obtained by its use is 14° higher than that recorded by Krafit and 
Lyons (foe. cit.). When heated, diphenyl selenide dibromide 
(5*0 g.) melted to a deep red liquid which effervesced vigorously 
owing to the evolution of hydrogen bromide. After 10 minutes, the 
evolution of gas ceased and the loss in weight was 20% (Calc, for 
IHBr, M*6%). The residue, a semi-solid mixture, was separated 
by means of light petroleum into an oil and an almost colourless, 
crystalline solid, which crystallised from hot light petroleum as 
^tenii^ leaflets (0*6 g.), m. p. 115*5°. This compound is evidently 
dibromodiphenyl selenide, isolated by Erafft and Lyons (foe. ciJ.). 
The oil distaied completely at 196 — 198°/12 mm. to give an almost 
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colourless liquid which deposited glassy crystals (2*0 g.), m* p. 32 — 
33° (Found : Br, 26*6. 03^23:98186 requires Br, 25*6%). Since this 
coawpoitwrf was the principal product of the thermal decomposition 
of diphenyl selenide dibromide, it follows that the main course of 
the reaction can be represented by the equation SePhaBr^ = 
Ph'Se-CgH^Br + HBr, and that the equation given by KraflEt and 
Lyons, viz,^ 2SePh2Br2 = PhgSe + (C5E[4Br)2Se -h 2HBr, represents 
a side reaction. These results explain why the attempt made by 
these authors to isolate diphenyl diselenide from the products of 
decomposition was unsuccessful. 

Diphenyl selenoxide, prepared by the action of sodium hydroxide 
solution on diphenyl selenide dibromide, after reorystaUisation from 
benzene had m. p. 113 — 114° (KrajBEt and Lyons, Zoc. ciU). This 
compound is more conveniently prepared by the following method : 
To diphenyl selenide (7 g.), perhydrol (10 c.c.) was added iu small 
portions. The reaction mixture set, on cooliug, to a crystalline mass ; 
cold water was added and the product filtered, but as the selenoxide 
obtained weighed only 645 g. (instead of the calculated 7-5 g.), 
the aqueous filtrate (50 c.c.) was mixed with hydrobromic acid until 
no further reddish-yeUow crystalline precipitate was formed. 
The latter, filtered and dried (1*76 g.), had m. p. 152 — 153° either 
alone or when mixed with diphenyl selenide dibromide. This result 
shows that diphenyl selenoxide is soluble in cold water to the extent 
of 2*2%, Diphenyl selenoxide, after crystallisation from benzene, 
has m. p. 113—114°, either alone or when mised with the selenoxide 
prepared by the action of sodium hydroxide on diphenyl selenide 
dibromide. 

The authors desire to express their indebtedness to the (Scovemment 
Grant Committee of the Royal Society for a grant which has helped 
to defray the cost of these investigations. One of them (W. R. G.) 
wishes to thank the Department of Scientific and Industrial Research 
for a maintenance grant which has enabled him to participate in this 
work. 
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CCC , — The Use of Tohimeavlfhonic Esters in, Place 
of Halogen Esters in Mahnic Ester Syn^ieses. 

By Dato) Henry Pbacook amd Po Tha. 

Mjsboxsqs. the esters of ^toluenesulphonio acid are readily prepared 
and have found many applications in syntheses, there appears ta he 
no record of their use in conjimctioa Edth sodiomalcmie ,.estfte; 
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moreove!*, since such esters are sometimes more readily accessible 
than the halogen esters, the reaction appeared worthy of examination. 
As was to be expected, it took place tnnch more slowly than when 
the halogen esters are used, but the experiments show that the 
toluenesulphonates are equally suitable, in spite of a similar tendency 
to form dialkylmalonic esters from equimolecular proportions of 
sodiomalonic and toluenesulphonic esters. 

The results may prove especially useful in the preparation of 
substances containing the ph^oxyethyl or phenoxypropyl groups, 
for these derivatives are of value in a number of syntheses. Thus, 
phenoxyethylmalonio acid is usuafly prepared from a phenoxyethyl 
halide (see, e.sr,,“Bently, Haworth, and Perkin, J., 1896, 69, 169), but 
the corresponding alcohol is much more readily prepared than the 
bromide (Kimer, J. Amer. CJiem. Soc., 1926, 48, 2749), and one of 
us has found that it is readily converted into ^-phenoxyethyl p-toluene- 
sidphonate^ an easily purified crystalline substance which reacts 
smoothly with sodiomalonic ester to give phehoxyethylmalonic 
ester. The derivatives of phenoxyethylmalonic acid are thus 
readily accessible by this route. 

Experimental. 

(1) Ethyl malonate (16 g,), methyl p-toluenesulphonate (18*6 g.)*, 
sociituii (2-3 g.), and absolute alcohol (78 c.c.) were boiled under 
reflux untii the reaction was complete (4 hrs.). The product was 
worked up in the usual way and 13-9 g. of ester, b. p. 105 — 110® /30 
mm., were obtained; this was converted by tibie action of strong 
ammonia into the amide which, after crystallisation from alcohol, 
had m. p. 209°. Since the m. p, of malonamide is 170°, and that 
of methylmalonamide is variously given as 206 — 212°, it is clear 
that the alkylation had been successful. 

(2) Ethyl malonate (80 g.), ethyl p-toluenesulphonate {100 g.), 
sodium (11*5 g.), and absolute alcohol (360 c.c.) were boiled under 
reflux for 20 hours, and the product was worked up in the usual way, 
63 g, (yield 68%) of the ester being obtained; hydrolysis with 
alcoholic potash gave ethyhnalonio acid, m. p. Ill — 112° (Conrad, 
Annahn^ 1880, 204, 136, gives m. p. 111-8°, and malonic acid has 
m. p. 132°). The silver s^t of the butyric acid prepared from this 
ethyhnalonio acid in the usual way was analysed (Found : Ag, 66*1. 
Calc. : Ag, 56*3%). 

(3) Phenoxyethylmalonio acid was prepared as follows. Phenoxy- 
ethyl alcohol was obtained by boiling a mixture of phenol (188 g.), 
catastic soda (86 g.), ethyiehe chiorohydrin (120 g.), and water 
(720 0 . 0 .) tmdi^ reflux for J hour. The product was worked up in 
the usual way aud the yield was 163 g. (79%). 'Dus alcohol cam be 
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converted into its ; 2 >-toluenesulphonate by heating with the acid 
chloride at 110 — 120°, but this is better prepared as follows (compare 
Foldi, Ber,, 1920, 53, 1836): To 70 g. of*phenoxyethyl alcohol, 
100 g. of p-toluenesulphonyl chloride and 100 c.c. of caustic soda 
solution (containing 20 g. NaOH) are added with shaking during 
i hour. At first the mixture is cooled under the tap, but it becomes 
almost solid when the ester begins to separate and the temperature 
is therefore allowed to rise. The mixture is finally heated for J hour 
on a steam-bath to complete the reaction. ^-Phenoxyethyl 'p-toltiene- 
sulpJionate separates as an oil which solidifies on being poured into 
cold water (crude yield, 90%). When crystallised from methylated 
spirit, it separates in stout prisms, m. p. 80° (Found : C, 614 ; 
H, 54. C 3 ^ 5 H[ig 04 S requires C, 61*6; H, 5*5%). The reactions of 
this ester with ammonia, amines, and 5 ?-toiuenesulphonamide have 
been examined by one of us and will be communicated later. Ethyl 
phenoxyethylmalonate w’as prepared by heating together 1*15 g. of 
sodium, 8 g. of ethyl malonate, 15 g. of p-phenoxyethyl p-toluene- 
sulphonate, and 25 c.c. of absolute alcohol under reflux for 20 hours. 
On being worked up in the usual way the mixture gave phenoxy- 
ethylmalonic acid, which, when crystallised from toluene, had 
m. p. 134 — 136° (compare Bently, Haworth, and Perkin, loc, ciL) 
(Found : C, 58*7 ; H, 6-3. Calc. : 0, 58*9 ; H, 5-35%). 

The TJniveesitv Chemicai. Labobatories, Universitv Couueoe, 

Cambbidge. Bangoon. 

[deceived, June 1928.] 


CCCI . — Dihenzyl Ether as a Cryoscopic Solvent 

By George Maodonali) Benisfett and Gervase BDswitson 

Willis. 

The observation that dibenzyl ether may be induced to crystallise 
below 0°^ in spite of a marked tendency to supercooling, afforded 
us the opportunity to add this substance to the list of available 
CQroscopic solvents. The pure substance melts at +3*60°. The 
following values of the cryoscopic constant K were found with 
various solutes : Phenetole 62*6, ethylene dibromide 61-8, dimethyl- 
aniline 62*8, naphthalene 63*6. From the mean of these values, 
62*7, the latent heat of fusion of dibenzyl ether is calculated to be 
244 cals, per g. 

A few cryoscopic observations were also made with benzoic and 
acids and benzyl alcohol as solutes. A tendency for ethers 
to unite with hydroxylic substances to yield complexes of the typ6, 
RgO — > WOW (Sidgwick, '"The Electronic Theory of Valeney^^l 
4ct ' 
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p. 137) siiOTild show itself causing the apparent molecular weight 
of a substance R'OH to be less in solution in the ether EgO than 
in a solvent chemically indifferent to it such as benzene, in which 
association of the hy^oxylio substance is likely to be more pro- 
nounced, The only ether previously proposed as a cryoscopic 
solvent is diphenyl ether (Durand and Eouge, Bull, Soc, 1925, 
37, 697), but it is less suitable than dibenzyl ether for testing the 
point under discussion on account of the lower donating power which 
is to be expected in an oxygen atom attached directly to the benzene 
nucleus. 

In Table I our values for the apparent molecular weights (M) 
of the hydroxylic substances examined in dibenzyl ethei are com- 
pared with the values at corresponding concentrations and closely 
similar temperatures in benzene solution as recorded in the literature 
(Beckmann, Z. physiJcaL Ghem,, 1888, 2, 729; Auwers, ibid,, 1893, 
12, 689). The values for benzoic and acetic acids are definitely 
lower in dibenzyl ether than in benzene, but those for benzyl alcohol 
are not appreciably difl[erent in the two solvents. The ebuUioscopic 
measurements of Beckmann (ibid., 1890, 6, 437) show a similar 
difference in the direction expected. 

Table I. 


Solute. 

Solvent, 

Concentration (%). 

M, 

Benzoic acid. 

Benzene, 

L44— 4-73 

228— 236 


Dibenzyl ether. 

M —5*3 

147—177 

Acetic acid. 

Benzene. 

M9~-4-47 

115—122 


Dibenzyl ether. 

1*6 — 5*0 

91*6—109 

Benzyl alcohol. 

Benzene. 

1.67—5*12 

116—165 


Dibenzyl ether. 

2*0 —4*5 

135—140 


Experimental. 

Preparation and Purification of Pibenzyl Ether.~The ether was 
conveniently prepared by boiling a mixture of benzyl alcohol (30 g.) 
and benzyl chloride (26 g.) with potassium hydroxide (25 g.) for 
6 hours, and fractionating the product. Eepeated distillation under 
diminished pressure did not eliminate the odour of benzaldehyde. 
It appears that the ether suffers a slight decomposition in distill- 
ation even at temperatures below 200®. After repeated fractional 
freezing, the substance had b. p, 184728 mm., 170®/16 mm., m. p. 
3*60®, dJS® (vac.) 1*0604, (vac.) 1*0428,. and its faint odour 
was quite distinct from that of benzaldehyde. The liquid often 
remained for hours in the supercooled state without crystallising 
spontaneously. Crystallisation could always be induced, however, i 
by vigorous stining at a tenperature below —16°, 

Gryoscopic Measwremerds, — ^The observations were made with the 
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Beckmann apparatus, the usual precautions being adopted. Nucle- 
ation was always necessary in order to bring about crystallisation 
of the solvent without undue supercooling. The data obtained 
with standard substances are recorded in Table 11, Ai being the 
observed depression of the freezing point of dibenzyl ether when 
IV g. of solute were dissolved in 26*10 g. of solvent. 

The values with benzil as solute are anomalous. These and the 
first value for naphthalene have been ignored in taking the mean 
value of K» 

Table II. 


Solute. 

u\ 


K. 

Solute. 

w. 

A£. 

A. 

Phenetole 

0*5119 

1*012° 

63*0 

Naphthalene 

0*3845 

0*745° 

(68*2) 


0*7493 

1*464 

62-2 

0-9946 

1*907 

64*1 

Ethylene 

0*6028 

0*621 

60*4 


1*411 

2*662 

63*1 

dibromide 

1*065 

1*610 

1*391 

2*000 

63*9 

61-0 

Benzil 

0*6610 

M25 

0*887 

1*437 

(73*5) 

(70*1) 

Dimethyl- 

aniline 

0*4163 

0*8484 

0*832 

1*668 

63*4 

62*1 


1*646 

2*006 

(66*7) 


The UmvEESiTV, SHErnELU. [jReceiiffitf, July 2nd, 1928.] 


CCCII , — Derivatives of 2-PhenyU&-meihylA-pyrone. 

The Non-resolution of 2-Phenyl-6-methyl-&pyrone 
d.-a-Bromommphor-TT-sulphonate. 

By Chakles Stanley Gibson and John Lionel Simonsen. 

In a note published some years ago (P., 1913, 29, 159), Levy, 
Holmyard, and Euhemann described briefly some experiments on 
the attempted resolution of the relatively stable 2-phenyl-6-methyl- 
4-pyrone d-a-bromocamphor-7c-sulphonate into its diastereo- 
isomerides. Subsequently Dr. Levy continued these experiments 
in this department, but, finding himself unable to devote the 
necessary time to the work, he suggested that we should complete 
the investigation. 

At the time of publication of the above note, the authors held the 
view that the salts of the 4-pyrones were true oxonium salts repre- 
sented by the general formula (1), where B = H and X = acid 
radicals, and in this case it is obvious that in derivatives such as 
(II), which are asymmetrical, resolution of the salt into its diastereo- 
isomerides is to be anticipated. 

Since Collie and Tickle (J,, 1899, 75, 710) first described the salts 
of dimethylpyrone and ascribed to them formula {!), the constitution 
of these salts has been the subject of much discussion. Wem^ 
(Ber., 1901, 34, 3309} suggested the centric formula (HI), whilst 
ColKe (J., 1904, 85, 971) adopted a bridged^formula (IV)*. The 
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important experiments of Baeyer (jBer., 1910, 43, 2337) appeared 
to show beyond question that the correct formulation of the salts 
was (V). lii 1914, Boon, Wilson, and Heilbron (J., 105, 2176; 
compare Baly, Collie, and Watson, J., 1909, 95, 144), from a study 
of the absorption spectra of a number of arylidene-pyrones and 
their salts, suggested that although the salts of dimethylp 3 ?rone 
were best represented by the bridged structure (IV), the salts of 
the arylidene-bases were true oxonium salts (I). 


CO 

/V 

-c c- 

a.,V 

Z-' 

R X 
C-OR 

0— X 
(V.) 


CO 


H-fl R-H 

Ph-C C*Me 

,n.,y 

r" X 


C-OH 

- 9 <>> 9 - 

-c<i>c- 

0— X 
(III.) 


C-OR ■ 

-9<l>9- 

-c<^c- 


or 


(VI.) 


A 


iK-kr 

-c I o 

V 

(IV.) 

C-OR 

/V 

“C c- 

. 0 


Hantzsch (5er,, 1919, 52, 1536, 1544), from a comparison of the 
absorption spectra of the pyxones, thiopyrones, and their salts, 
conoltided that the true salts were co-ordination compounds of 
the general formula (VI), which is identical with that (III) suggested 
by Werner {loc, cit). This view was apparently accepted by Arndt, 
Scholz, and Nachtwey {Ber,, 1924, 57, 1903). The bridged formula 
of Collie would, however, appear still to have adherents (compare 
Drew, this voL, p. 518). 

The divergent views on the constitution of the salts of the 
4-pyrones enhance the importance of a careful repetition of Levy, 
Holmyard, and Euhemann’s experiments, since if the resolution 
of 2-phenyl-6-methyl-4-pyrone d-a-bromocamphor-ir-sulphonate 
could be effected, it would lend support to a bridged formulation 
of these salts, as it would be diGBlcult to account for optical isomerism 
in the case of co-ordinated compounds. We have therefore sub- 
jected the pure salt to a prolonged and careful systematic examin- 
ation. Seventeen fractional crystallisations from pure dry acetone 
were carried out, but the optical rotatory powers of the six final 
fractions, vsrhen dissolved in pure ethyl alcohol, were all identical, 
and no^ign of resolution was observed. In so far as one is justified 
in drawing conclusions from negative results, therefore, our experi- 
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ments would appear to support the co-ordination formulation of 
these salts. 

As it seemed to us possible that a methylated compound might 
more readily lend itseM to resolution, we prepared the methylmetho- 
sulphate and the methiodide of 2-phenyl-6-znethyl-4-pyrone. These 
compounds were, however, found to be unsuitable, being readily 
hydrolysed. 

It has been suggested by Boon, Wilson, and Heilbron {loc. cit) 
that the salts of the arylidene-pyrones are true osonium salts (see, 
however, Heilbron, Barnes, and Morton, J., 1923, 123, 2564) ; we 
therefore prepared 2-phenyl-6’piperonylidenemet7iyh4t~pyrone, but 
this colourless substance yields such intensely coloured salts that 
the stereochemical investigation of the d-oL-bromommphor-Tz-sulphm- 
ate has so far been found to be impossible with the equipment at 
present available. When the piperonylidene derivative is treated 
with bromine in chloroform solution a yellow crystalline solid, m. p. 
155 — 157°, is obtained ; this was not analysed but probably con- 
sisted of the dibromo-derivative (compare Boon, Wilson, and Heil- 
bron, he, cit). On crystallisation from acetone, hydrogen bromide 
was eliminated and an ochreous crystalline soKd, m. p. 222°, separ- 
ated. Analysis showed this to be the monobratTbopiperonylidene- 
pyr(me but the position of the bromine atom was not determined. 

Expebimbntal. 

2-Phmyl-^’‘methyl-i-pyrone , — ^The pyrone was prepared by the 
method of Ruhemann (J., 1908, 93, 431), except that jBnely powdered 
sodamide was used in place of dry sodixun ethoxide and the reaction 
mixture was mechanically stirred during the condensation. By 
these modifications of the original process the yield was somewhat 
improved. 

The hydrochloride was readily obtained by the saturation of an 
ethereal solution of the pyrone with hydrogen chloride at 0° (Levy, 
Holmyard, and Ruhemann, he, cit). The crude salt melted some- 
what indefinitely at 161°, and crystallised from a large volume of 
acetone in fine, glistening prisms, which softened at 105° and melted 
to a red oil at 166°. It was very readily soluble in water and 
alcohol, only sparingly soluble in acetone, and insoluble in ether, 
benzene, and light petroleum (Found: C, 64-7; H, 4*9; HCl, 
16-2. requires C, 64-7; H, 4-9; HCl, 164%). 

PercMoraU, A warm solution of the pyrone (1 g.) in dilute 
alcohol (3 c.c.) was treated with an excess of a dilute aqueous 
solution of perchloric acid. The perchlorate separated imme^ately 
as an oil which rapidly solidified. It crystalKsed from dilute alcohol 
or from much hot water in fine needles, which softened at 136 — 
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137® and melted at 146—147® (Found: C, 61-0, 61-6; H, 4-6; 
HCIO 4 , by titration, 21*4. C^^HgiOgCl requires C, 61-0; H, 4'5; 
HOIO4, 21-3%). 

Svlphate. The pyrone, dissolved in the Tninimum quantity of 
methyl alcohol, was treated with the requisite amount of 0 * 1 -S^- 
sulphuric acid, and the clear solution evaporated to dryness under 
diminished pressure at room temperature. The crystalline residue 
after trituration with a little cold acetone had m. p. 166®. It 
separated from much acetone in iridescent glistening prisms, m. p. 
168 — 169®. It was very soluble in water and methyl alcohol, but 
insoluble in benzene and ethyl acetate (Found : C, 50-4; H, 4-5. 
CigHigOeS requires C, 50*7 ; H, 4-2%). 

Methylniethosulphate, The pyrone, dissolved in the minimum 
quantity of benzene, was mixed with the calculated amount of 
freshly distilled methyl sulphate. On standing, the solution, which 
developed a pink colour, gradually deposited the methyhnetho- 
sulphate in fine, long needles. After remaining for 48 hours, the 
crystals were collected, washed with benzene, and dried in a vacuuiai, 
m. p. 140 — 143® with slight previous softening (Found : C, 63*0; 
H, 5-0. Ci 4 Hig 06 S requires 0, 53*8; H, 6*1%). The methylm&tho- 
sulphate could not be purified by recrystallisation. It was very 
soluble in water, and in methyl and ethyl alcohols, but insoluble in 
benzene, ethyl acetate, and light petroleum ; it dissolved in a large 
volume of hot dry acetone, but underwent decomposition. The 
first fraction which separated on cooling softened at 120 ® and had 
m. p. 140 — 142®, analysis showing it to be a mixture of the methyl- 
methosulphate and the sulphate (Found: C, 51*3; H, 4-9. 
Calc, for CiaHiaOgS: C, 60*7; H, 4*2%. Calc, for Ci 4 Hie 06 S: C, 
63*8; H, 5*1%). The presence of the sulphate in the solution 
was confirmed by concentration, whereupon the pime sulphate 
crystallised in prisms, m. p. 167® (Found: C, 50*2; H, 4-4%). 
When an aqueous solution of the methyhnethosulphate (m. p. 140— 
143°) was treated with a dilute solution of perchloric acid, the 
pvrone perchlorate, m. p. 146 — 147°, was obtained (Found : C, 
604; H, 44; Cl, 7*5. Calc.: 0,61*0; H, 4*6; 01,7*5%). The 
methyhnethosulphate did not react with silver d-a-bromocamphor- 
Tc-sulphonate in alcoholic solution. 

Methioiide. When the methyhnethosulphate, dissolved in water, 
was treated with an excess of a dilute solution of potassium iodide, 
and placed in the ice-chest, the methiodide gradually separated. 
The crystals, which were generally discoloured, decomposed at 106° 
and were somewhat unstable. Purification was best effected by 
solution in cold acetone and precipitation by careful addition of 
light petrolexun; colourless needles were deposited, the decom- 
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position point being unchanged. On keeping, the crystals rapidly 
become discoloured owing to the liberation of iodine. This com- 
pound was analysed by Dr. Levy (Found: 0, 47-3; H, 4-1. 
C13H13O2I requires C, 47*6; H, 4-0%). The methiodide cannot be 
prepared by the direct action of methyl iodide on the pyrone; 
when heated under diminished pressure it decomposed with liber- 
ation of methyl iodide and regeneration of the pyrone. The pyrone 
was also formed when the methiodide was shaken in aqueous 
solution with either silver oxide or lead oxide. On treatment of an 
alcoholic solution of the methiodide with perchloric acid, the per- 
chlorate of the pyrone was formed. 

2‘Phenyl-6’‘methyl-4-pyrone d-a-JBrowocampAor-ir-si^ZpAoTMtfe. — We 
have prepared this salt by two methods, the second method being 
preferred for the preparation in quantity, since the pyrone hydro- 
chloride can be more efEectively purified than the pyrone itself, 
(i) The pyrone, dissolved in the minimum quantity of alcohol, was 
mixed with the requisite amount of a standard aqueous solution 
of d-a-bromocamphor-7c-sulphonic acid. When the solution was 
evaporated to dryness under diminished pressure at room temper- 
ature, the salt remained as a crystalline solid. It was recrystallised 
from acetone and obtained in colourless prisms, m. p. 163 — 154®. 

(ii) The pyrone hydrochloride (10 g.) in alcohol (125 c.c.) was 
mixed with a solution of silver d-a-bromooamphor-Tc-sulphonate * 
(18*5 g.) in alcohol (100 c.c.), both solutions being slightly warmed. 
Silver chloride separated immediately, and after standing for some 
hours the solution was filtered, and the solvent removed at 30® 
imder diminished pressure, a colourless salt remaining. This was 
systematically recrystallised from acetone, and after seventeen 
crystallisations six fractions were obtained. The optical rotatory 
powers, determined in all cases in absolute ethyl alcohol at 20® 
(c = 0400 , 1 = 4), were : +83*05®, 82-7®, 82-6°, 82*5®, 82*35®, 

82*2®. The salt crystallised from acetone in colourless prisms, 
softening at 153®, m. p. 167 — 158® (Found : C, 62*9 ; H, 5*2. 
Calc. : C, 53*1 ; H, 5-0%). 

^-PhmylS-piperonyli^neme^ylA-pyrone . — To a mixture of 
2-phenyl-6-methyl-4-pyTone (1*6 g.) and piperonal (1*5 g.) in alcohol 
(5 c.c.), a drop of concentrated potassium hydroxide solution was 
added. A deep red colour developed, and on standing a crystalline 
solid (1*4 g.) separated. The piperonylidene derivative crystallised 
from acetone, in which it was somewhat sparingly soluble, in colom*- 

* This salt does not appear to have been analysed previously. It crystal- 
lised from alcohol with one molecule of water of crystallisation (Found : C, 
27*3; H, 3*6; Ag, 24-6. CioHi 404 SBrAg,H ®0 requires 0, 27*5; H, 3-7 ^ , 
Ag,24-8%). , ^ 
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less, soft needles, m. p. 194® (Found : C, 754 ; H, 4*5. C 20 H 14 O 4 
requires C, 75*4; H, 4*4%). It dissolved in concentrated hydro- 
chloric acid, yielding a deep red solution, the salt being decomposed 
by addition of water. The perchlorate^ prepared by the addition 
of perchloric acid to an acetone solution of the pyrone, crystallised 
in terra-cotta needles, decomp. 143°. Owing to its exploding 
just above the m. p., the compound could not be analysed. The 
salt dissociated somewhat readily and could only be recrystallised 
in the presence of perchloric acid. 

For the preparation of the ^-(t-bromocamphyr-Tz^mlphmaie, the 
piperonylidene derivative (0*4852 g.) was dissolved in hot acetone 
(90 c.c.), and an aqueous solution of the acid (0*475 g.) added. The 
orange-coloured solution was evaporated to drjmess under diminished 
pressure at room temperature,- and an orange, crystalline solid 
remained. This was recrystalhsed from much dry acetone, from 
which it separated in soft orange prisms, m. p. 205 — ^206° with 
slight previous softening (Found : C, 57*2 ; H, 4*7, CgoHggOgBrS 
requires C, 57*2 ; H, 4*6%). 

When a chloroform solution of the piperonylidene derivative of 
the pyrone was treated with an equivalent quantity (1 mol.) of 
bromine, a bright red solid separated. This rapidly redissolved, 
and on sticring a yellow crystalline solid was deposited. This had 
m. p, 166 — 157°, but unfortunately it was not analysed. On 
recrystallisation from acetone, in which it was sparingly soluble, it 
apparently underwent decomposition with loss of hydrogen bromide, 
and the ?wono5r<mo-derivative separated in ochreous plates, decomp. 
222°. The quantity available was insufficient for the determination 
of the position of the bromine atom (Found : Br, 19*9. C 2 oHi 304 Br 
requires Br, 20 * 1 %). 

We wish to acknowledge the assistance of Dr. J. H. ITutland 
who prepared some of the pyrone used in these experiments and 
carried out some of the analyses. A grant from the Government 
Grant Committee of the Eoyal Society, which has covered the 
greater portion of the cost of this investigation, is also gratefully 
acknowledged. 

Gtty*s Hospital Medical School, 

(Uhivebsity op London), S.E. 1. 
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CCCIII . — The Methylene Bases from I- Methyl- 

benzthiazole and l-Methylhenzselenazole Meth- 
iodides ; with a Note on the Preparation of 
\-Suhstituted Benzthiazoles. 

By Leslie SIarshall Clark. 

1-Methylbenzthiazole methiodide reacts with ammoniiun hydr- 
oxide in dilute aqueous solution, yielding as the main product 
the ammonium salt of o-acetmethylamidothiophenol, since atmo- 
spheric oxidation of the solution gives 2 : 2'-diacetmethylamido- 
diphenyl disulphide (J., 1925, 127, 973). Konig and Meier (/. pr. 
Ch&m,y 1925, 109, 324) have shown that when 1-methylbenzthiazole 
methoperchlorate is suspended in acetone and shaken with con- 
centrated sodium hydroxide solution, the acetone extracts a base 
which they identify as 2-methyl-l-methylenebenzthiazoline (I). 

Further examination of the reaction with ammonia and with 
dilute sodium hydroxide proves that a certain amount of the 
methylene base is produced in either case, whilst in the latter case 
the proportion of methylene base to thiophenol is increased by 
increasing the alkali concentration. It is evident, therefore, that 
the carbinol (11) decomposes in the presence of alkali in the two 
directions : 



When the compound (I) is heated in alcoholic hydrogen chloride 
solution or when alkali salts of o-acetmethylamidothiophenol are 
acidified, l-methylbenzthiazolinium salts result. Each of the 
directions of reaction in which the carbinol base can decompose under 
the influence of alkalis is therefore reversible in the presence of 
acids. 

Since quaternary salts in the benzselenazole series react with 
alkalis to give products similar to those obtained from the analogous 
benzthiazolinium salts (J., 1927, 2805), the behaviour of l-methyl'^ 
benzsehTiazoU meihiodide has also been investigated. The base could 
not be obtained by the action of acetic acid on the zinc salt of 
o-aminoselenophenol, the products of this reaction being selenium,, 
and acetanilide, but was readily formed by condensation of the 
salt with acetyl chloride. The methiodide in aqueous solutic^jl^^^ 
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immediately with dilute sodium hydroxide giving 2‘methyl-\- 
inethyknebenzselemsolme together with the sodium salt of o-acetyl- 
methylaminoselenophenol. 

The course of the reaction may be followed by titration with 
phenolphthalein as indicator, part of the methiodide yielding a 
precipitate of the selenazoline (and consequently neutralising one 
equivalent of alkali), whilst the remainder is converted into the 
neutral sodium salt of the selenophenol (at the same time 
neutralising 2 equivs, of alkali). A much higher proportion of the 
methylene base is formed with 1-methylbenzselenazole methiodide 
than with the analogous sulphur compound. 2-Methyl-l-methylene- 
benzselenazoline, like its sulphur analogue, is reconverted into the 
ammonium salt by heating wdth alcoholic hydrogen chloride. 

Mills and Eaper (J., 1925, 127, 2466) have isolated the highly- 
coloured condensation product obtained by reaction of _p-dimethyl- 
aminobenzaldehyde with the reactive methylene group in 1-methyl- 
2-methylene-l : 2-dihydro- p-naphthaquinoliae. The aldehyde con- 
denses similarly with 2-methyl-l-methylenebenzthiazoline in alcohol, 
giving a deep red solution from which no solid material could be 
isolated. The solution evidently contains the compound (III), 
since on addition of one mol. of hydriodic acid, p-dunethylaxoino- 
styryibenzthiazole methiodide (IV) is formed, addition of the acid 
evidently taking place in a manner analogous to that described by 
Mills and Eaper (toe. cit.). 


08H4<^jg>C:c:CH-C6H4-NMe3 (HL) 
C6H4<|>C-CH:CH-CeH4-N]VIe2 j 


The presence of the reactive methyl group in 1-methylfcenz- 
selenazole methiodide suggested that selenocarboeyanine formation 
might be possible. By using the general method of preparation of 
carbocyanines described by Hamer (J., 1927, 2796), i.e., the con- 
densation in pyridine solution of orthoformic ester with the meth- 
iodides of bases containing a reactive methyl group, good yields of 
both 2 : 2*‘dime0iyl- and 2 : 2* -diethyhdenocarbocyanim iodides (V), 
were obtained. Like the thiocarbocyanines described by Mills 
(J., 1922, 121, 466), these compounds are powerful sensitisers of the 
photographic plate. 

c^<5>c-ch:oh-ch:o<?“>c,h, m 
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In C-substituted benzoxazoles, fission of the heterocyclic ring is 
increasingly difficult to bring about as the volume and valency 
demands of the substituent group increase (vSkraiip, Annalmi 1919? 
419, 1). The influence of the (7-phenyi group, although well- 
marked in the benzoxazole series, is insufficient in the benzthiazolin- 
ium series to make possible the isolation of a carbinol base of the 
type (II), even when silver hydroxide is used instead of sodium 
hydroxide (J., 1925, 127, 973) as basifying agent. 

The well-known Hofmann synthesis of 1 -substituted benz- 
thiazoles (Ber., 1880, 13, 21), whereby o-aminothiophenol is heated 
with the appropriate acid, acid anhydride, or acid chloride, is not 
entirely satisfactory. An alternative method is therefore described. 
2 : 2'-Diammodiphenyl disulphide is acylated by treatment with the 
appropriate acid or acid chloride, and this compound is reduced 
with sodium h 3 rdrosulphite 3 rielding the acylamino-thiophenol, 
'which condenses with elimination of water to give the l-substituted 
benzthiazole (compare Clark, loc, cit, and Philli ps, this voL, p. 172). 

Expeeimental. 

2-Methyl-l-methylenebenzthiazoline is formed in small yield by 
the action of ammonia, silver hydroxide, or j^-sodium hydroxide on 
1-methylbenzthiazole methiodide in aqueous solution. The maxi- 
mum yield was obtained by the following modification of K5nig and 
Meier’s method {he. cit.). The methiodide (4 g.) was suspended in 
acetone and shaken with 50% sodium hydroxide solution. When 
no quaternary salt i^mained undecomposed, "the acetone solution was 
evaporated and the pinkish residue extracted 'with toluene (5 c.c. and 
2 c.c.). A small quantity of dark red oil, which afterwards solidified, 
remained undissolved; this was separated by acetone into a 
sparingly soluble, dark red, crystaUine substance and a colourless 
substance which separated in needles, m. p. 164®. These compounds 
were not further examined. The toluene solution, when cooled, 
deposited 0’81 g. of stout, colourless tablets of 2-methyl-l-methylene- 
benzthiazoline, m. p. 170® (Konig and Meier give 164®) (Found : 
C, 66*2; H, 5-6; N, 8-7. Oalc. : 0,66-3; H, 5-S; N, 8-6%). A 
mixture of this substance ■with 2 : 2'-diacetmethylamidodiphenyl 
disulphide, m. p. 171®, melted at 128°. When these two compounds 
are heated together they develop a brilliant red colour. 

By the action of benzoyl chloride on a solution of the sodium salt 
of o-acetmethylamidothiophenol, the benzoyl derivative was 
obtained; from light petroleum it separated in colourless needles, 
m, p. 87® (Pound : 0,67-0; H, 6-2. OieHigOaNS requires 0, 874} 
H, 6-3%). 

l^MeihyWeTizthiazole prepared from the 
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and picric acid, separated from aqueous solution in yellow needles 
which, when kept in a vacuum over sulphuric acid, became liquid 
and then resolidified. It then had m. p. 94° (Found : N, 14*7. 
Ci5Si207ir4S requires N, 14-3%}. The hydrogen sulphate separated 
from alcohol-ether in colourless needles, m. p. 177 — 178° (Found : 
SO4, 38-5. CgH7NS,H2®04 requires SO4, 38*75%) ; the methochloro- 
plati7iate, prepared from the methochloride and chloroplatioic acid in 
alcoholic solution, separated in deep yellow crystals, m. p. 224° 
(decomp.) [Found : Pt, 26-2. (C9Hio]SrS)2PtCl6 requires Pt, 
26-5%] ; the perckhra/te separated from alcohol-ether in colourless 
needles, m. p. 149°, and exploded during combustion. 

A€tio7i of Silver Hydroxide on l-Phenylbenzihiazole Methiodide . — 
The methiodide (2 g.), dissolved in water (35 c.o.) and acetone 
(50 C.C.), was shaken for an hour with excess of silver hydroxide ; the 
filtrate from the insoluble material contained none of the expected 
l-hydroxy-l-phenyl-2-methylbenzthiazoline, the major portion of 
the thiazole compound being mixed with the silver oxide and iodide 
residue, probably as the silver salt of o-benzoylmethylamino- 
thiophenol (compare Mills, Clark, and AescMimann, J., 1923, 123, 
2353). The so^um salt of o-benzoylmethyiaminothiophenol was 
benzoylated by shaking with benzoyl chloride, and the bemoyl 
derivative, when crystallised from light petroleum, had m. p- 
130—131° (Found: C, 72-6; H, 4*8. C21H17O2NS requires C, 
72*6; H,4*86%). 

For the characterisation of 1-phenylbenzthiazole quaternary salts, 
the following compounds were prepared by the usual methods : 
l-Phenylbenzthiazole methochloroplatimie, m. p. 243° (decomp.) 
[Found : Pt, 22*7. (Ci4Hi2NS)2PtCl6 requires Pt, 22-7%] ; Tnetho-^ 
picrate, orange-yellow plates, m. p. 125 — 126° (Found : N, 12*4. 
^20®*i4^7^4® requires N, 12-3%) ; 7nethoperchlorate, colourless 
needles, m. p. 220° (Found: S, 10*0. C14H12O4NSOI requires 
S, 9*8%). 

Preparation of l-Methy1benzselenazole. — preliminary experiment 
on the action of glacial acetic acid (150 c.c.) on the zinc salt of 
o-aminoselenophenol (17 g.) in an atmosphere of carbon dioxide 
showed that selenium was deposited ; the only product which could 
be isolated from the filtrate was acetanilide, m. p. 114° (Found : 
C, 71*36; H, 6*1; N, 10*4. Calc.: C, 71*1; H, 6*7; N, 10*4%). 
When the acetic acid was replaced by acetyl chloride, the con- 
densation took place smoothly : The zinc salt (7 g.) was suspended 
in benzene (50 c.c.), and acetyl chloride in excess (10 c.c.) was added 
slowly with constant shaking; the brown oil which separated 
solidified after 16 hours. The reaction mixture was heated on the 
water-bath for 1 hour and cooled. Water and excess of ammonia 
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were then added. The solid slowly dissolved, and the benzene 
layer was separated. The aqueous solution was extracted with 
ether, the combined organic extracts were dried ovct 
carbonate, and most of the solvent was distilled off. of 

light petroleum then precipitated a yellowish gum, which was 
probably 2 : 2'-diacetamidodiphenyl diselenide, but which was not 
investigated. The solution was removed and concentrated, and the 
residual oil distilled under reduced pressure. l-Meihylbenz- 
selsiidzolc (4*6 g.) was thus obtained as an almost colourless liquid, 
b. p. 140751 mm. It was analysed as the cMoroplatinate, which 
separates from alcoholic solutions in yellow needles [Found: C, 
24-4; H, 1‘95; Pt, 24-6. (CgH7NSe)2,H2PtC3g requires C, 23-9; 

H, 2‘0 ; Pt, 24'4°o). The methiodidz, obtained by heating the base 
(3-8 g.) with methyl iodide (6 g.) at 100“ for 8 hours, crystallised 
from alcohol in fine, colourless needles, m. p. 221° (decomp.); 
yield, 5-5 g. (Found: I, 37-4; Se, 23-6. CjHioNISe requires l’ 
37*6 ; Se, 23*4%) ; and the ethiodide, similarly obtained bv 16 hours’ 
heating, crj'staJlised from alcohol in colourless, fiattened needles, 
m. p. 212° (decomp.) (Found: I, 35-9. CigHiaNISe requires 

I, 36-1%). The methocMoroplatinate, prepared from the metho- 
chloride in the usual way, had m. p. 214° (decomp.) [Found ; Pt 
23-1. (C 9 HiQNSe) 2 PtClg requires Pt, 22*9%]. 

Action of Sodivmt Hyd/romie m 1-Jfe%i6e7izsefewa20fe Methiodida. 
—Addition of itf’/20- or .aT-sodium hydroxide solution to aqueous 
solutions of the methiodide causes the formation of a voluminous 
curdy, pale yefiow precipitate of 2-»»^yM.OTe%ferae6emzgg2e»’ 
azoUne, which crystallises from its orange-red alcoholic solution in 
pale yellow plates, m. p. 157—158° (Found: 0, 61-4; H, 44: 
N, 7-1. CgHglSrSe requires C, 514; H, 4-3; H, 6-7%).’ The 
compound is sparingly soluble in alcohol and shows a tendency to 
form a brown mass when warmed with that solvent. From 1 g. of 
the methiodide, 0-346 g. of methylene base (dried over sulphuric 
acid) was obtained, and the change of titre was 4-0 c.c. of iV'-alkali; 
if the reaction proceeded as suggested on p. 2314, the change of titre 
should have been 4-3 c.c. The alkaline solution, after removal of 
the methylene base, was oxidised with potassium ferrioyanide and 
gave an oily suspension which rapidly crystallised. The solid 
product, 2 : 2'-diacamethyhmidodiphmyldiselm crystallised from 
petroleum ether in colourless flat needles, m. p. 141° (Found : C 
n '62®^) ^ ^ ’ ^ ^ ^is^^OsNsSeg requires C, 47-6; H, 44; 

ReveraiUlUy of Meihylene-baae Formcdion m fhe Fewatfeiozofe 
Bcnzsdenazcdc Series. — (1) Action of hydrochdoric arid on 
l-methylembemSiiazoline. The methylene base (0-2 g.) in 
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(5 c.c.) was heated under reflux with hydrochloric acid (2 c.c.) for 
2 hours. Addition of chloroplatinic acid then caused the separation 
of yellow needles which slowly disappeared as a heavy, brown, 
crystalline deposit was formed. This compound had m. p. 224® 
(decomp.), not depressed when mixed with authentic 1-methyl- 
benzthiazole methoohloroplatinate (Found : Pt, 26*2. Calc. : 
Pt, 26-5%). 

(2) Action of hydrochloric acid on ^-methylA-metTiylmebcnz^ 
seUmzoline, The reaction was carried out as for the sulphur com- 
pound, the chloroplatinate separating from the alcoholic solution in 
stout, yellowish-brown nee^es, m. p. 214° (decomp.) (Pound : 
Pt, 23-1. Calc. : Pt, 22*9%), not depressed by admixture with 
1 -methylbenzselenazole methochloroplatinate. 

Condensation of 2‘Metliyh\-nuthylmebenztTiiazoline with p-Di- 
mefliylaminobenzaldehjde, — ^Dimethylaminobenzaldehyde and the 
methylene base (0-7 1 g. of each) were heated in alcoholic solution 
(15 c.c.) for 1 hour. An intense red colour developed, but no solid 
material separated when the mixture was cooled and kept for 
12 hours. To the hot solution, therefore, hydriodic acid {d 1-7; 
1*1 c.c., 1 mol.) was added. The purple, crystalline precipitate with 
bronze reflex, which separated on cooling, was easily soluble in 
alcohol, and was crystallised from that solvent containing a little 
sulphurous acid; j}-dimethylamiaost 5 rrylbenzthiazole methiodide 
(Found : S, 7-6. Calc. ; S, 7*6%) melted at 244 — ^245°, unchanged 
by admixture with an authentic specimen, m. p. 245°, prepared bj’’ 
Itr. F. M. Hamer from 1-methylbenzthiazole methiodide and the 
aldehyde. The absorption spectra in alcohol of the two samples are 
identical, showing maxima at X 4350 and X 6400. 

Cojidsnsation of OrtJioformic Ester tvith l^Methylbenzsehnazok 
Methiodide. — ^The methiodide {1*45 g.) and orthoformic ester 
(1*5 c.c.) were boiled in dry pjTidine solution (15 c.c.) for 1 hour. A 
deep purple colour rapidly developed, and a crystalline deposit was 
formed. The mixture was pom*ed into water and kept for 12 hours. 
2:2'- Dimeihyheleiwcarbocyanine iodide, thus obtained, was 
crystallised from ethyl alcohol (1*3 1.), and separated from the hot 
deep red solution in flocculent masses of fine, bronze needles, m. p. 
267—268° (decomp.) ; yield 0*8 g. (Foimd * : C, 40*5 ; H, 3*5 ; N, 4-8. 
CigHi^NglSeg requires C, 40-8; H, 3*0; N, 5*0%). In alcoholic 
solution the dye has absolution maxima at X 4500 and X 6400, whilst 
it confers sensitivity on a bathed plate up to X 7020. 

Condensation of Orthoformic Ester with l-Methylbeiizselenazole 
Eihiodide. — ^The condensation was carried out in the manner 
described for the methyl compound. The yield of 2 : -diethyl’' 
* Microanalysis by H. Weil, Munich. 
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seUnocarbocyanhie iodide from 0*5 g. of l-methylbenzselenazole 
ethiodide was 0*27 g. The solubility of the higher homologue is 
considerably greater than that of the lower, since this amount of dye 
could be crystallised from 50 c.c. of alcohol. It separates in 
glistening, dark green needles, m. p. 270 — ^271"’ (decomp.) (Pound* : 
N, 4-8. C 2 iH 2 iN 2 lSe 2 requires N, 4*8%). The absorption spectrum 
in alcoholic solution shows maxima at X 4500 and X 6420. The 
sensitivity band of a bathed plate has a slight maximum at X 6200, 
falling off steeply to the red at X 6940, 

The PrepamiioTi of l-Snbsiituted BenzfJiiazoles. 

2 : 2' -Diacetamidodiphenyl disulphide was prepared by boiling 
2 : 2'-diaminodiphenyl disulphide (8*0 g.) with glacial acetic acid 
(50 c.c.) and acetic anhydride (10 c.c.) for 5 hours. Dilution of the 
solution and neutralisation with ammonia precipitated a colourless 
oil, which rapidly crystallised (9*3 g.) : when recrystallised from 
ethyl acetate, it separated in masses of colourless, flocculent 
needles, m. p. 165 — 166° (Found : N, 84. C^gHigO^NoSg requires 
N, 8*4%), readily soluble in alcohol. 

1 - MeiliylbenzthiazoU. — 2 : 2' - Diacetamidodiphenyl disulphide 
(12*2 g.) was dissolved in hot aqueous alcohol, and excess of solid 
sodium hydrosulphite (15 g.) was added in three portions. Heating 
was continued during 15 minutes. After the add^ition of hydro- 
chloric acid (35 c.c.) the solution was concentrated on the water-bath. 
Basification with sodium hydroxide solution precipitated an oily 
paste which was extracted with ether. The ethereal solution was 
dried over sodium carbonate and evaporated, leaving 3*5 g. of a yellow 
oil, which, on distillation under reduced pressure, yielded 2*0 g. of 
pure 1-methylbenzthiazole, identified by means of its pierate,.m. p. 
155 — 156°, identical with that obtained from an authentic specimen. 

2 : 2' • Dipropionamidodiphenyl disulphide was obtained by 
boiling 2 : 2'-diaminodiphenyl disulphide (6 g.) for 12 hours with 
propionic acid (50 g.) ; the disulphide was precipitated as a dark 
brownish oU on dilution and neutralisation of the acid solution, but 
solidified on standing over-night. A portion, washed vith ether and 
crystallised from light petroleum (b. p. 60 — 80°), separated in 
colourless, flocculent masses, m. p. 138° (Found ; N, 7'96. 
Ci8H2o 0^2S2 requires N, 7*8%). 

I ‘ EtliyJbenzthiazole . — ^Reduction of the foregoing unpurified 
solid with sodium hydrosulphite as described above for the acetyl 
compound eventually gave a small quantity of dark-coloured oil. 
This was not distilled, but 1*8 g. of a picrato were obtained from 
it by addition of a saturated solution of picric acid in alcohol ; 

* IVIioroanalysis by H. Wril^,15wich. 
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recrystalljsation from alGohol (charcoal), 1-^ylbmzOiiazole picrate 
had m. p. 138° (Foimd : C, 45-8; H, 3-0; N, 14-1. CisHiaO^N^S 
reqiiires C, 46-9 ; H, 3-05 ; N, 14-3%). 

2 : 2'-Dibenzamidodiphenyl J^isuJphide . — ^This was obtained in 
good yield by the Schotten-Baumann method from the base; it 
erystidlised tom alcohol, in which it is sparingly soluble, in pale 
yellow plates, m. p. 143 — 144-6° (Found : N, 6'3. C 28 H 2 oOgN 2 S 2 
requires N, 6'1%). 

Bedndion, The disulphide (1-2 g.) was dissolved in aqueous 
acetone, and an excess of sodium hydrosulphite added. The 
mixture was kept hot for 6 minutes. Hydrochloric acid (10 c.c.) was 
added and the acetone evaporated. Basihcation with ammonia 
precipitated a colourless oil which immediately crystallised. The 
solid, which when heated had the geranium-like odour characteristic 
of l-phenylbenzthiazole, was crystallised from aqueous alcohol, and 
separated in long needles, m. p. 113°, showing no depression on 
admixture with an authentic specimen of l-phenylbenzthiazole; 
yield 0-9 g. 

Preparation of 2 : 2'-Diaminodiphenyl Disulphide . — The method 
described by Hofmann {Ber., 1894, 27, 2808) for the preparation of 
this compound is not satisfactory. Most of the material used in 
carrying out the above work was prepared by the method of Mdhlau 
{Ber., 1912, 45, 131). Dr. F. M. Hamer, of Ilford Ltd., kindly 
prepared 10 g. of the disulphide by Hofmann’s method and to her 1 
am indebted for the following note : “ After heating aniline (120 g.) 
and sulphur (35 g.) according to Hofmann’s directions, 67% of the 
aniline was recovered unchanged by steam distillation. Ikom the 
residue, 400 c.c. of hydrochloric acid (8%) extracted a mixture of 
bases. The hydrochlorides left on evaporation of this solution were 
separated by extraction with 400 o.c. of hot wat^. The sparingly 
soluble residue was the hydrochloride a base which had m. p. 81° 
and was probably 4 : 4'-diaminodiphenyl disulphide. The hot 
aqueous solution deposited a hydrochloride which on basification 
gave 5 g. of 2 : 2'-diaminodiphenyl disulphide, m. p. 93°.” 

1 wish to thank Messrs. Ilford Ltd. for the gift of 2 : 2'-diamino- 
diphenyl disulphide, and for examining the optical and photographic 
properties of the sensitisers described in this paper. My thanks are 
due to Dr. F. M, Hamer for the loan of a specimen of p-dimethyl- 
ammostyrylbenzthiazole methiodide. 

Nokeh View, Nobjehwioh Rd., 

Weaversui, Nobtewicb. 


{Betxked, June 1928 .] 
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CCCIV , — The Effects of the Spatial Position of 
Substituent Groups on Acidic Strength. 

By Donald Holroyde Hey. 

In an investigation on the rotatory powers of a number of the 
homologous menthyl alkyloxyacetic and hydrogen dicarhoxylic 
esters (Rule, Hay, and Paul, this voL, p. 1347), it was observed that 
the maxima in the rotation curves of the one series corresponded to 
the minima in the other. Prom these results it was concluded that 
the terminal alkyloxy- and carboxy-groups of the growing chains 
give rise to opposite changes in rotatory power when they return to 
the neighbourhood of the asymmetric atom, and, further, that the 
characteristic influence of o-substituents in the opticallj" active 
benzoic esters is propagated through space rather than through the 
chain of intervening atoms. In support of these conclusions the 
authors observed that parallel phenomena may be found in the 
influence of substituents on the acidity of geometrically isomeric 
acids. 

There appears, however, to be little justification for this general- 
isation, and available data on the dissociation constants of acids 
of the type of crotonic acid (as well as of other acids) show that it is 
not possible to correlate the two phenomena. Recent work on the 
configuration of the crotonic acids, both from the chemical and 
physical standpoint, shows that crotonic acid (m. p. 72°) has the 
<ra3i«-configuration (Errera and Henri, GompL r&nd-^ 1926, 181, 
548; Langseth, 2. physihd, Ghem,^ 1925, 118, 49; Auwers and 
Wissebach, Ber., 1923, 56, 715). The dissociation constants of the 
two crotonic acids, and of other acids of the same type on which there 
is now little doubt with regard to their configuration, are given 
below : 


H-C-COjH 

H-p-CH, 

Cl-C-OHa 

cH,-c-a 

H-C-COaH 

H-C-COijH 

H-C-COaH 

Crotome acid, 

tsoCrotonie acid. 

jS-Chloroisocrotonic 

jff-Chlorocrotonic 

0*22 X 10"*. 

0*36 X 10-«, 

acid, 

0*95 X 10'*. 

acid, 

1-44 X 10'*. 

CHs-C-H 

H-C-CJHa 

OHs-C-COsH 


H-C-CH, 

CHg-C-COaH 

Cl-C-COaH 

d-OCOgH 

Tiglic acid, 

Angdic acid, 

0-50 X 10-‘. 

a-Chlorocrotouic a 

-Chloro^^oerotonic 

0‘09 X 

acid, 

7*2 X 10'*. 

acid, 

16*8 X lO-*. 


The dissociation constants of the above acids indicate that the 
spatial proximity of a CHg or Cl group to the carboxyl groupJ 
every case increases the acidic strength, and that the change thw| 
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duced is m the same direction as (though smaller in magnitude than) 
that produced by the carboxyl group in fumaric and maleic acids 
(Z = 10 X 10"^ and 150 X 10“^ respectively). From these observ- 
ations it will be seen that it is not possible to adduce corroborative 
evidence from this source as claimed by Rule, Hay, and Paul, who 
infer that the spatial proximity of a CHg or C3 group to the carboxyl 
group produces a lowering of the dissociation constant, i.e., an efiEect 
in the opposite direction to that produced by the carboxyl group. 
The analogy between the two phenomena cited by them is therefore 
invalid. 

The increase in the acidic strength of these acids by the spatial 
proximity of substituents is in close conformity with the behaviour 
of substituted benzoic acids, and it is possible to observe a close 
analogy between the efiect of o-substitution, which is known always 
to increase the strength of a benzoic acid independently of the polar 
character of the substituent, and cf^-substitution, which is seen to 
have an effect of the same type on acids of the acrylic acid series. In 
both cases the increase may be attributed to steric inhibition to the 
return of the hydrogen ion. 

In the ease of ortho-substituted benzoic acids (i.6., p-substitution), 
the increase in the dissociation constant is considerably greater than 
the increase in the corresponding p-substituted aliphatic acids, due 
to the superimposed secondary effect of the spatial proximity of the 
groups. On the other hand, with the meta- and para-acids, the 
increase is in nearly every case of the same order of magnitude as is 
met with in corresponding y- and S-substituted acids of the aliphatic 
series. This is clearly illustrated in the following table of dissoci- 
ation constants (taken from Landolt-Bornstein, ‘‘ Tabellen "). 

Benzoic acid, JT X lO*^ = 0‘66. 

Xxl0‘. Acid. KxlO*. Acid. XxlO*. 

13-0 OT-Chloroben 2 oic ... 1-5 p-Chlorobenzoic 0-93 

14*5 'M-Bromobenzoic ... 1'37 p-Bromobenzoic 0*59 

10*0 w-HydroX 3 'benzoie 0-83 p-Hydroxybenzoic ... 0-29 

12-0 Homophthalic 2*9 Terephthalic — 

1-2 «<-Toluic U'56 p-Toluic 043 


Propionic acid, K x 10* = 0*14. 


p-Chloropropionic ... 

0-85 

*y-Chlorobut 5 Tic ... 

OS 

fi-Ohlorovaleric ... 

.. 0-204 

jS-Bromopropionic .. 

0*98 

•yBromobutyric ... 

0-26 

5-Bromovaleric ... 

.. 0*191 

^-Hydroxypropionic . . 

0-31 

v-Hydroxybutyric 

0-19 

fi-Hydroxyvaleric 

.. 0*2 

Succinic 

. 0-66 

Ghitnric 

047 

Adipic 

.. 0*37 

But3nic 

. 0-US 

Valeric 

0-18 

Caproic 

.. 0*145 


With the ortho-substituted acids, the configuration of the molecule 
is such that the substituent group is permanently maintained at an 
effective distance from the carboxyl group, and the resulting spatial 
proximity of the groups is shown in the abnormal increase in the 
dissociation constant. From these considerations, it would be 


Acid. 

o-Chlorobenzoic 

o-Bromobenzoic 

o-Hydroxybenzoic ... 

Phthalic 

o-Toluic 
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expected that cfs-substitution in like manner would result in an 
increase in dissociation constant (when compared with trans- 
substitution), and if the new configurations for the crotonic acids are 
accepted, this analogy is borne out in fact. 

Univeesity College, Swansea. [Received, June 2lst, 1928 .] 


CCCV . — The Intermolecular Condensation of Styryl 
Ketones. Part II. Styryl Nonyl Ketone and the 
Formation of Dimerides. 

By IsiDOB Morris Heilbron and Francis Irving, 

In a previous communication (Dickiiison, Heilbron, and Irving, J., 
1927, 1888), it was shown that certain styryl methyl ketones on 
treatment with alkali underwent intermoleculax condensation with 
formation of cydohexenones, whilst treatment with piperidine 
resulted in the formation of saturated dimerides, probably of 
r/yr/obutane structure. We have now extended the investigation 
to a series of styryl nonyl ketones, and in no case has the formation 
of c^citohexenones been observed, but a number of saturated 
dimerides have been obtained by the action of alkali. 

Methyl nonyl ketone has previously been condensed with benz- 
aldehyde by means of 0-25% alcoholic potassium hydroxide (Carette, 
C<mj>t. rend,, 1900, 131, 1225), the product being the simple styryl 
nonyl ketone, m, p. 41 — 42®. Carette also discovered that by 
employing hot 1% alcoholic potassium hydroxide, a dimeride melting 
at 116® was obtained. Styryl nonyl ketone itself on similar treat- 
ment was found to yield the same dimeride. 

Scholtz and Meyer (Ber., 1910, 43, 1861) by means of alkali 
condensed anisaldehyde, piperonal, j>-toluaIdehyde, and euminal 
with methyl nonyl ketone, claiming to have obtained the monomeric 
styryl nonyl ketones in each case. A re-examination of their 
products has proved, as could be inferred from their high melting 
points, that the condensation products from p-tolualdehyde and 
euminal are actually dimerides. 

We have further found that whereas p-methoxy-, 3 : 4-dimeth- 
oxy-, 3 : 4-methylenedioxy-, and <p-chloro-styryl nonyl ketones are 
formed when cold, dilute, aqueous alkali or piperidine is used as 
condensing agent, dimerides are produced by increasing the alkali 
concentration and preferably carrying out the reaction on the 
steam-bath instead of at room temperature, o- and m-Ohloro- and 
m-methoxy-benzaldehydes, o-tolu- and salicyl-aldehydes djid np]^^ 
yield dimerides when treated under such conditions, and ii^ 
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appear that dimeric forms are more readily produced when the 
aldehyde is substituted in the para-position. 

The dimerides are all colourless substances which react as 
saturated compounds and are extremely inert towards ketone 
reagents. Carette {J. Pharm,y 1901, 13, 412) found that bis- 
(styryl nonyl ketone) failed to react with semicarbazide. We have 
confirmed this observation, but have succeeded in obtaining a 
momxime from this compound by^ prolonged treatment with 
hydroxylamine. This same inactivity has been noted by Stobbe 
and Hensel {Ber., 1926, 59, 2254), who only succeeded in obtaining 
a monoxime from the dimeride of phenyl 4-methoxystyryi ketone. 
These dimerides doubtless possess a cyclohut&ne structure similar to 
the products obtained by the action of short wave-length light or 
piperidine on unsaturated ketones (Stobbe and Hensel, loc, cit). 

Experimental. 

Styryl Nonyl Ketone. — Benzaldehyde (2*5 g.) and methyl nonyl 
ketone (4 g.) were mixed with alcohol (2 c.c.), and piperidine 
(3 drops) was added. The solution was allowed to stand for several 
days, small amounts of piperidine being added daily; finally, it 
was diluted and cooled in a freezing mixture, crystals of styryl nonyl 
ketone then separating. These were recrystaUised from methyl 
alcohol, appearing in colourless leaflets, m. p. 44® (Carette gives 
41 — 42® ; Thoms, Ber. Deut. ^harm. Oes.y 1901, 11, 3, gives 44 — 45°). 

Monoxime of Bis-{8tyryl Nonyl Keione). — ^Bis- (styryl nonyl 
ketone) (1 mol.), prepared according to the method of Carette 
(Compt. rend., loc. cit.), was refluxed with hydroxylamine (2 mols.) 
for 2 hours in alcoholic solution, and the product recrystallised from 
alcohol, fine, colourless needles of the monoxime being obtained, m. p. 
125—126® (Found : N, 2-7, C 3 eH 5302 N requires N, 2*6%). 

Bis-{4-metkoxy8tyTyl Noriyl Ketone). — Anisaldehyde (3-2 g.) and 
methyl nonyl ketone (4 g.) were refluxed for 6 hours with 1% 
alcoholic potassium hydroxide solution (30 g.). The product was 
repeatedly crystallised from alcohol, being finally obtained in the 
form of colourless needles, m. p. 120° [Found : C, 79*3 ; H, 94 ; 
M (Pregl), 474. Cg 8 H 5304 requires C, 79-2; H, 9*7%; M, 576]. 
4-M6thoxystyryl nonyl ketone (Scholtz and Meyer, loc. cit.) 
crystallises in colourless leaflets, m. p. 63®. 

3 : i-Dimethoxystyryl Nonyl Ketone. — ^Veratraldehyde (4 g.) and 
methyl nonyl ketone (4 g.) were dissolved in alcohol (10 c.c.) together 
with 2 c.c. of 8% sodium hydroxide solution. Crystals separated 
after 12 hours, and were purified by recrystallisation from methyl 
alcohol, a small amount of less soluble dimeride being removed 
during the process. The ketom forms faintly yellow, rhombic plates. 
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m. p. 61° (yield, 5-5 g.) [Found: C, 754; H, 9*5; Jf (Menzies), 
314, (Pregl), 323. C20H3QO3 requires C, 754 ; H, 94% ; If, 318]. 

Bi8~{Z : 4:-dimethoxystyryl Nonyl Ketone ). — ^Veratraldehyde (4 g.) 
and methyl nonyl ketone (4 g.) were refluxed with 1% alcoholic 
potassium hydroxide (25 g.) for 4 hours. The crude product was 
repeatedly recrystallised from alcohol, separating in colourless 
needles, m. p. 135° [Found : C, 76*5 ; H, 9-2 ; M (Menzies), 646. 
C4oH6oOe requires G, 754 ; H, 94% ; if, 636]. 

: 4:-7mtkylenedioxy8tyryl Nonyl Ketone ). — ^Piperonal (4 g.) 
and methyl nonyl ketone (4 g.) were refluxed with 2% alcoholic 
potassium hydroxide (40 o.c.) for 6 hours. The product which 
separated on cooling was repeatedly crystallised from alcohol, and 
obtained finally in fine, colourless needles, m. p. 128° [Found : 
C, 75*6 ; H, 8*5 ; M (Menzies), 608. CagHggOg requires C, 76*5 ; 
H, 8*6% ; M, 604]. Scholtz and Meyer {loo. cit.) describe 3 : 4- 
methylenedioxystyryl nonyl ketone as forming pale yellow needles, 
m. p. 56°. 

Bi8-{4:-me(hylstyryl Nonyl Ketone). — ^This was first prepared by 
Scholtz and Meyer {ho. cit.) by the addition of 15% sodium hydr- 
oxide solution to an alcoholic solution of p-tolualdehyde and methyl 
nonyl ketone, and allowing the solution to stand at room temper- 
ature. These authors, however, described the compound as 
4-methylstyTyl nonyl ketone, m. p. 129°. We have prepared the 
compound by a similar method, but find it to melt at 134 — 135° 
[Found : M (Ptegl), 425. CggH^gOa requires , 544]. 

4 :-isoPropyl8tyryl Nonyl Ketone. — Cuminaldehyde (2 g.) and 
methyl nonyl ketone (2*5 g.) were dissolved in alcohol (5 c.c.), and 
6 drops of 8% sodium hydroxide added. After 2 days, the solution 
was cooled in ice and salt, and the separated product recrystallised 
from methyl alcohol, appearing as colourless plates, m. p. 40° 
[Found: C, 83*9; H, 10*9; M (Pregl), 297- CgiHggO requires C, 
84-0; H,10*7%; JIf, 300]. 

Sis-{4:-isQ^opyl8iyryl Nonyl Ketone ). — ^This compound was 
obtained by Scholtz and Meyer {loc. cit.) by the action of 16% 
sodium hydroxide on cuminaldehyde and methyl nonyl ketone in 
cold alcoholic solution, and was described as 4-i5opropylstyiyl nonyl 
ketone, m. p. 144°. We have prepared the compound by a similar 
method, but fi.nd it to be a dimeride, m. p. 160° [Found : C, 84*1 ; 
H, 10*7 ; M (Menzies), 605. 04233462 requires C, 84*0 ; H, 10*7% ; 
M, 600]. 

i~Chloro8tyryl Nonyl Ketom. — p-Chlorobenzaldehyde (2 g.) and 
methyl nonyl ketone (2*6 g.) were dissolved in alcohol (45 
and 1 c.c. of 8% sodium hydroxide was added. The prcxto#^^ 
separated after standing for 24 hours at room temp^ature^ 
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recrystalUsed from aloohol, forming colourless plates, m. p. 62 — 63® 
(yield, 2-5 g.) [Found : C, 73*5 ; H, 8-7 ; M (Menzies), 294. 
requires C, 73-8 ; H, 8-5% ; M, 293]. 

Bis-{4t~chlorostyryl Nonyl Ketom). — p-Chlorobenzaldehyde (2 g.) 
and methyl nonyl ketone (2*5 g.) were refluxed for 4 hours with 1% 
alcoholic potassium hydroxide (40 c.c.). The separated product was 
recrystallised from alcohol, colourless, fine needles being obtained, 
m. p. 126—127® [Found: C, 73-7; H, 8*3; M (Menzies), 614. 
CggHgjjOgClg requires C, 73*8 ; H, 8*6% ; If, 685]. 

3-Chlorostyryl Nonyl Ketom. — ^This compound was prepared by 
a method similar to that employed for the 4-chloro-derivative. The 
product obtained by cooling in ice gave colourless plates on recry stal- 
Hsation from methyl alcohol, m. p. 57° (Found : C, 74-0 ; H, 8*6%). 

2-Chlorostyryl Nonyl Ketone Semicarbazone. — o - Ohlorobenz- 
aldehyde (2 g.) and methyl nonyl ketone (2*5 g.) were treated with 
0*25% alcoholic potassium hydroxide (20 c.c.) for 7 days. The crude 
condensation product could not be induced to solidify, and for 
identification was converted into its semimrbazcme^ which separated 
from alcohol in colourless needles, m. p. 123 — 124° (Found : N, 
12*1. CigHggONgCl requiTcs N, 12*0%). 

i^Hydroxystyryl Nonyl Ketom. — ^Salicylaldehyde (5 g.) and methyl 
nonyl ketone (7 g.) were dissolved in absolute alcohol, and sodium 
hydroxide (30 c.c. of 30%) was added. After standing at room 
tmnperature for 5 days, the dark solution was diluted with water and 
rendered neutral with carbon dioxide. The crude product separated 
from methyl alcohol (charcoal) in colourless leaflets, m. p. 79° 
(yield, 5*5 g.) (Found : C, 78*7 ; H, 9*4. OigHoeOg requires C, 78*7 ; 
H, 9*5%). 

The UmvEBSiTY, Livbbpool. [Received^ June 6i/i, 1928.] 


CCCVI . — Ammonium Polyaulphides, Hydrogen Penta- 
sulphide, and the Thiocarhonic Acids. 

By Herbert Mills and Percy Lucock Eobinson, 

PoLYSULPHTDES of ammonium may be prepared by passing hydrogen 
sulphide into a suspension of sulphur in aqueous ammonia, and 
Bloxam (J., 1896, 67, 2707) claimed to have obtained the tetra-, 
penta-, hepta-, and nona-sulphides in this way, but Thomas and 
Biding (J., 1923, 123, 1726), using alcohoKc in place of aqueous 
solutions, only obtained the di-, penta-, and hepta-sulphides. We 
have prepared the pentasulphide, and bring forward evidence that 
the alleged heptasulphide is a solid solution of sulphur in the penta- 



HYBEOGEN PENTASULPHXDE, AKD THE THtOCARBOIfflC ACEDS. 2327 


sulphide, but we have been unable to confirm the existence of the 
disulphide. 

Previous workers (for references see Walton and Parsons, J. Amer. 
Chem, Soc,, 1921, 43, 2339} obtained yellow oils, which on fractional 
distillation yielded hydrogen disulphide and trisulphide, hy treating 
cold concentrated hydrochloric acid with a cold solution of sodium 
polysulphides. Examination of the solubility of sulphur in hydrogen 
trisulphide led to the inference that the hexasulphide existed below 
—1-45° (Walton and Whitford, ibid., 1923, 45, 601). In the present 
investigation pure anhydrous ammonium pentasulphide has been 
decomposed by anhydrous formic acid with the formation of 
hydrogen pentasulphide, the properties of which have been investig- 
ated. 

Red crystals obtained by refiuxing ammonium pentasulphide with 
carbon disulphide in the manner of Thomas and Riding (Zoc. cit.), and 
believed by them to have been (^ 114)282 although analysing to 
(]SH 4 ) 2 S 2 . 2 j have been shown to be pure ammonium thiocarbonate, 
( 1534 ) 2083 , whilst a yellow residue, not mentioned by these authors, 
consists of ammonium perthiocarbonate, (KE 4 ) 2 CS 4 . Prom these 
salts the corresponding thiocarbonic acids have been prepared and 
their properties investigated. 

Experimental. 

Ammonium Polysulphides. 

Ammonium Pentasulphide. — Sulphur (40 g.) suspended in 
100 c.c. of aqueous ammonia (d! 0 - 88 ) and saturated with hydrogen 
sulphide in the absence of air, gave a deep red solution from which 
yellow crystals separated slowly on cooling [Pound, mean of five 
closely-agreeing analyses of separate preparations: NHg, 17*2; 
H 2 S, 17*1; 8 , 65*3. ‘Calc. for (^ 4 ) 285 : HHg, 17*4; EgS, 17*4; 
S, 65*2%] ; these had all the properties previously ascribed to 
ammonium pentasulphide. 

Amumnium Eeptasulphide (alleged). — ^When greater proportions 
of sulphur were used, the hard cake formed on crystallising was 
obviously non-homogeneous, consisting mainly of yellow penta- 
sulphide together with darker crystals. Hand-picked (a) dark red 
and (&) orange-red crystals were repeatedly analysed (Table I) and 
showed both considerable variation amongst themselves and an 
increase in the sulphur content with darkening colour. Any of these 
crystals when extracted with cold carbon disulphide gave a yellow 
substance having all the properties of the pentasulphide. Such 
crystals are decomposed by water with liberation of sulphur, 
when treated with anhydrous formic acid give a consid^^bie ' 



2328 MILLS AND EOBINSON : AMMONIUM POLYSULPHIDES. 

Table I. 

Analyses of (NH 4 ) 2 Sn. 

NH3. HaS. 


Type of crystal. Range. Mean. Range. Mean. Range. Mean. 

Deep red* 10*5— 14-3 12*6 11-3— 11*8 11*6 , 70-0— 74-0 73*0 

Orange red * 14*8— 15-2 14*9 14‘6—16-0 14*8 68-0— 68*3 68-2 

(HH 4 ) 2 S, requires 13*1 13*1 73*8 

(NTHiJaSg requires 14*9 14*9 70*2 


* Number of analyses, four. 

of sulphiir together with a yellow oil, similar in most respects to that 
obtained from the pentasnlphide. The conclusion reached is that 
materials of greater sulphur content than the pentasnlphide consist 
of solid solutions of these two substances, and this is borne out by 
the preparative methods employed by other investigators, viz., 

(i) allowing saturated alcoholic solutions of pentasnlphide to stand 
in contact with sulphur for 4 months in stoppered bottles, and 

(ii) slow decomposition of the pentasnlphide. 

Armnonium Disulphide (alleged). — ^The preparation of this sub- 
stance would be of considerable importance, because its decom- 
pcwsition by anhydrous formic acid would probably yield hydrogen 
disulphide directly. Weighed quantities of ammonium penta- 
sulphide were decomposed in evacuated Faraday tubes, one limb 
being heated to 100° and the other cooled to —7°, for a considerable 
period. A yellow liquid, which subsequently solidified to a white 
solid, collected in the cooled limb and proved on analysis to be 
ammonium monosulphide [Found : NH 3 , 50*1 ; HgS, 49*9. Calc, 
for (NH 4 ) 2 S : NHg, 50*0 ; llgS, 50*0%]. The residue of sulphur left 
in the heated limb amounted to 66 * 0 % of the pentasnlphide taken, 
thus indicating the decomposition ( 1 ^ 114)28 + 4S : 

we have been unable to confirm the observations of Thomas and 
Riding (toe. cit.), who claim that the reaction is represented by 
(NHJgSs — > (NHJaSg + 3S. The fact that the pale yellow liquid 
or the white solid plunged into either dilute or concentrated hydro- 
chloric acid gives neither free sulphur nor any oil confirms the con- 
clusion indicated by the quantitative synthesis from pentasnlphide 
and the analysis of the material. Thus the decomposition here 
follows the usual course observed on dry distillation in open vessels 
or on refluxing with organic solvents, in both of which monosulphide 
is produced. 

Hydrogen Pentasnlphide. 

The production of hydrogen polysulphides by the wet methods 
previously employed is invariably accompanied by the precipitation 
of much sulphur. It has been found that dry ammonium poly- 
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sulpliide crystals give hydrogen polysulphides on treatment -with 
concentrated min eral acids (except nitric) at either laboratory or 
higher temperatures, but sulphur, varying in extent with the excess 
of sulphur in the crystals over that required for pentasulphide, is 
always liberated. Even selected pure pentasulphide yields sulphur 
under these conditions. Formic acid as concentrated as 90% offers 
no advantage over mineral acids, but commercial anhydrous formic 
acid, further dried by phosphorus pentoxide, gives excellent results, 
the formation of the polysulphide being unaccompanied by free 
sulphur. Probably the presence of water accounts for the formation 
of the free sulphur in these reactions. 

From ammonium pentasulphide crystals, pale yellow oils were 
repeatedly prepared in this way and analysed ; from Table II it will 
be seen that the persulphide sulphur (Sn-i iuHaSn) falls only twice 
below the 82*5% required for HgSg, but rises as high as 92*6% (Calc, 
for H 2 S 7 85*0; for HgSg 86 - 8 ; for HgSg 88*3%). Observation 
proved that the more free sulphur liberated in a reaction the higher 
was the indicated persulphide sulphur of the accompanying oil. 
It was believed that the differences found in the oils prepared with 

Table II. 


Persulphide sulphur in separately prepared 
Acid used. samples, %. 

Hot HCl 92-6, 92*0, 90*3, 90*0, 89*3. 

Cold HCl 88*0, 86*0. 


Cold anhydrous H*C02H 86*4, 86*1, 85*9, 85*4, 84*9, 84*6, 83*3. 82*3, 81-9. 

formic acid were due to differences in the sulphur content of the 
crystals, and in order to test this, they were ground to a powder and 
extracted with boiling carbon disulphide. The centrifuged residue 
gave a reddish-brown oil which had 77% of persulphide sulphur, the 
low sulphur content and the colour being due to the formation of 
a certain amount of ammonium perthiocarbonate (see below). If 
the crystals were extracted with cold carbon disulphide for a short 
period and centrifuged, the trouble was avoided, and they gave a 
pale orange-yeUow oil, separate specimens of which had persulphide 
sulphur 79-0, 79*0, 79*3, 79*9, 79*6% respectively, mean 79*3% 
(HgSg requires 79*0%). The faint orange tint is doubtless due to 
traces of thiocarbonic acids, and attempts were made to avoid this 
by extracting the crystals with benzene at various temperatures, 
but this did not furnish material suitable for the preparation. 

Pure hydrogen pentasulphide is a thin, clear, yellow oil, which on 
cooling becomes suddenly viscous at —25®, almost solid at —36®, and 
glassy at —50°, melting to a clear liquid again on warming ; d 
at 16® (Found : M, cryoscopic in benzene, 152*5, 
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My 162), It froths badly at 40°/15 mm., but cannot be distilled. 
The solubility of sulphur in the liquid, expressed for convenience as 
the percentage of sulphur not evolved as hydrogen sulphide, has 
been found to be 93 at 15®, 90 at 0®, and 88 at —18®. From Walton 
and Whitford’s figures (ioc. cit.) for the solubility of sulphur in 
hydrogen trisulphide, similarly expressed, viz.y 86*8 at 17'9°, 83-0 at 
0*0®, and 71*2 at 16*4®, it is seen to be improbable that the material 
here considered is a solution of sulphur in a lower sulphide. 

Ammonium Thiocarbomtes and the Thiocarbonic Acid>s. 

Ammonium thiocarbonates have been described by Yeoman (J., 
1921, 119, 38) and by O’Donoghue and Kahn (J., 1906, 89, 1812), 
but they have not been prepared by the methods here used (compare 
Thomas and Riding, loc. ciL). 

Ammonium TJiiocarbonate, — ^This is most conveniently obtained 
by digesting ammonium pentasulphide with carbon disulphide in a 
wide-necked flask fitted with a cork carrying a wide tube, in which 
cold water is rapidly circulated, and a reflux condenser, A deposit 
of white, crystalline ammonium monosulphide first forms on the cold 
surface, and this is later converted into the pale orange-yellow thio- 
carbonate by the carbon disulphide vapour. On exposure to 
moisture or air these orange-yellow crystals turn red. The material 
obtained from this sublimation process is remarkably pure if 
washed with carbon disulphide and ether, and centrifuged [Found : 
ISTHs, 23*68; H^S, 23*40; total S, 65*70. Calc, for 
NHg, 23*61 ; HgS, 23*61 ; total S, 66*66%]. 

Am^nonium PertMocai'bonate, (NH 4 ) 2 CS 4 . — ^The yellow, crystalline 
residue from the incomplete refluxing of ammonium pentasulphide 
in carbon disulphide was shown to be ammonium perthiocarbonate. 
A better product was obtained by extracting the pentasulphide with 
carbon disulphide in a Soxhlet apparatus, washing with hot fresh 
carbon disulphide followed by ether, and then centrifuging [Found : 
NHg, 19-10; HgS, 19*10; total S, 73*88; persulphide S, 19*8. 
(NH 4 ) 2 CS 4 requires NHg, 19*32; HgS, 19*32; total S, 72*73 ; per- 
sulphide S, 18*18%]. 

Earlier workers have been unable to decide satisfactorily whether 
the acid obtained from thiocarbonates is tri- or tetra-thiocarbonic. 
Yeoman (he, cit,) considers it to be tetra-, whilst O’Donoghue and 
Kahn (he, cit,)y although beKeving it to be tri-thiocarbonic, were 
unable to demonstrate this with certainty. 

Tnthiocarbonio Acid, — ^This was prepared by dropping pure solid 
ammonium thiocarbonate into a large excess of concentrated hydro- 
chloric acid, and the bright red liquid which separated was dried with 
phosphorus pentoxide [Found : Total S (by Carius), 87*28 (mean 
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of 8 concordant determinations on independent specimens); M, 
eryoscopic in bromoform, 107*2. HgCSg requires total S, 87*28%; 
J/, no]. The liquid has 1*47 and freezes sharply to an 
orange-yellow solid at —30*5°. The surface tension by capillary 
rise = 48*3 dynes/cm. at 12*5°, giving a parachor of 197*3 (HgCSg 
requires 201*1, if the parachor of sidphur is taken as 46*2, the mean 
from the data for carbon disulphide). 

The acid decomposes on standing, rapidly at first but more 
slowly later, evidently forming a red solution of itself in the carbon 
disulphide produced ; distillation of the fresh material leads to its 
dissociation to carbon disulphide and hydrogen sulphide without 
residue of sulphur. It is slightly soluble in water, organic solvents, 
or acids, giving yellow solutions which rapidly decompose with loss 
of colour. Its behaviour with acetone, in which it dissolves without 
liberation of sulphur even on long standing, deserves special note 
because of the marked difference shown by the tetrathiocarbonic 
acid with this reagent. 

Yeoman (Zoc. ciL) has stated that aqueous solutions of pure 
thiocarbonates do not give the red liquid when acted upon by 
concentrated hydrochloric acid in the complete absence of oxygen. 
This statement has been examined by conducting the reaction with 
the ammonium salt at —5® both in a vacuum and in an atmosphere 
of hydrogen sulphide, and, provided the concentration of the thio- 
carbonate is more than sufficient to saturate the hydrochloric acid 
with thiocarbonic acid, the red liquid separates. 

Tetrathiocarbonic {Perthioca/rbonic) Acid, H2CS4. — ^This is a dark 
brown liquid obtained by the action of 98% formic acid upon 
ammonium perthiocarbonate, but the total and persulphide sulphur 
and the estimated molecular weight show considerable variation 
from sample to sample. The following properties, however, indicate 
that the liquid is largely composed of this acid. It is decomposed 
vigorously, with crackling, by acetone, giving a colourless solution 
with deposition of sulphur (HgCS^ — >> CSg + HgSg — > HgS + S) ; 
on distillation under reduced pressure with a small bead-column two 
fractions are obtained — ^first carbon disulphide, and subsequently a 
small quantity of a pale yellow oil djtetilling at 70® and having all 
the properties of hydrogen disulphide. A large residue of sulphur 
is left. 

It is interesting that concentrated hydrochloric acid used in place 
of formic acid gives a red liquid which proves to be a solution of 
sulphur in trithiocarbonic acid. This liquid is soluble in acetone to 
a yellow solution, without the violence or crackling associated with 
the hydrogen polysulphides ; from this solution the sulphiar 
previously dissolved in the trithiocarbonic acid is slowly precipiteite^. 
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On distillation this liquid gives no evidence of a polysulphide, the 
distillate being colourless carbon disulphide, and the residue sulphur. 

It has been observed that ammonium polysulphides and thio- 
carbonates are only very slowly decomposed by anhydrous formic 
acid below —7®. 

The authors wish to thank Mr. Herbert Smith for assistance in the 
preparative work, and Electrolux Ltd. for the loan of a refrigerating 
unit which, after having been fitted with a suitable brine tank, has 
been in almost constant use during the course of this investigation. 

UNivEasiTY OP Durham, Armstrong College, 

Newcastle-upon-Tyne. IKecdved , June 30i^, 192S.] 


CCCVII . — The Synthesis of 1-PhenanthroL 

By John Baldwin Shoesmith and Alexander Guthrie. 

1-Phenanthrol (II) is the only one of the five theoretically possible 
monohydroxy-derivatives of phenanthrene not described in the 
literature. It has been obtained by heating a-Tiaphthylparaconic 
acid (I), loss of carbon dioxide and ring closure with elimination of 
water taking place as follows : 

/CH-COOH 

c6 

a-Naphthaldehyde was prepared {a) in a yield of 33% by tibe 
catalytic reduction of a-naphthoyl chloride, m. p. 22^^, b. p. 168°/12 
mm., by Rosemnund’s method (J5er., 1918, 51, 691) — ^it is note- 
worthy that in absence of solvent during this reduction the side 
chain was completely removed and naphthalene produced in 
quantity^ — and (b) in a jdeld of 25% by the action of ethyl ortho- 
formate in ethereal solution on magnesium naphthyl bromide in the 
usual manner. The second is the more convenient method although 
the yield is somewhat smaller. By both methods the aldehyde was 
obtained as an oil, b. p. 173 — 174°/36 mm. ; p-nitropJienylhydmzone, 
scarlet needles from acetic acid, m. p. 233 — ^235®. 

ft-^NapMhylparaeonic Acid. — a-Naphthaldehyde {7-6 g.), succinic 
anhydride {6 g.), and anhydrous sodium acetate (6 g.) were heated 
together under reflux for 6 hours at 122*^ (a higher temperature 
causes formation of tarry by-products which render the subsequent 
purification of the acid difficult) ; excess of a-naphthaldehyde was 
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removed from the reaction product in a current of steam, and the 
residue filtered hot, cooled, extracted with ether, and acidified. 
The precipitated cc-Tiaphthylparaconic acid (2 g.) was reerystallised 
from aqueous alcohol (water 2 parts, alcohol 1 part), from which it 
separated in well-defined, white, rectangular prisms, m. p. 169° 
(evolution of carbon dioxide) (Found : C, 70-2 ; H, 4-7. Cil 5 Hi 204 
requires C, 70-3; H, 4‘7%). 

1-Phemnthrol. — a-Naphthylparaconic acid was heated in a dis- 
tillation flask immersed in a metal-bath at 180 — ^200° until evolution 
of carbon dioxide had ceased (30 minutes). The temperature of 
the bath was then rapidly raised to about 340° and distillation of 
the vapour prevented by impinging a blast of cold air on the neck 
of the flask. After 15 — 20 minutes the temperature was raised 
again and distillation allowed to proceed. The red oil which 
distilled over solidified and was dissolved in ether; the ethereal 
solution was extracted with sodium carbonate to remove carboxylic 
acids and then with aqueous sodium hydroxide. The latter extract 
was saturated with carbon dioxide, the precipitate extracted with 
ether, and the ether evaporated; the l-pJienardhrol so obtained was 
crystallised from Hght petroleum, separating as colourless, prismatic 
needles, m. p. 166° (Found: C, 86-9; H, 5*2. C 14 H 1 DO requires 
C, 86 * 6 ; H, 5^2%); yield, 6 %. In another experiment crude 
a-naphthylparaconic acid was used, and the yield of 1 -phenanthrol 
increased to about 16%; this observation is similar to that of 
Fittig and Erdmann {Annalen, 1885, 227, 242), who found that 
crude phenylparaconic acid gives a better yield of a-naphthol than 
does the pure acid. 

1 -Phenanthrol is stable in air and in solution (contrast the 9 -iso- 
meride, which is very unstable, Japp and Findlay, J., 1897, 71, 
1115). It resembles a-naphthol in giving a deep blue coloration 
on warming with chloroform in alkaline solution, but differs in 
giving no coloration with glucose solution and concentrated sulph- 
uric acid (compare Molisch’s test for carbohydrates). It dissolves 
in concentrated sulphuric acid with a yellow colour, the solution 
slowly becoming red and finally colourless when heated. Its 
alkaline solution gives dyes with diazotised aniline, etc. The 
picrate crystallises in orange-red, feathery needles, m. p. 182°, from 
methyl alcohoL 

In order to characterise the compound further it was methylated 
as follows. To 1-phenanthrol (0*8 g.) dissolved in 8 c.c. of methyl 
alcohol, 4 c.c. of 10% methyl-alcoholic potassium hydroxide and 
8 c.c. of a 13% solution of methyl sulphate in methyl alcohol were 
added, and the solution was heated on the steam-bath for 1 hmm, 
after which it. was diluted with water,, extracted with .eth^ jl^l 
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ethereal solution extracted with alkali to remove unchanged phen- 
anthrol, and the 1-methoxyphenanthrene left on evaporation was 
recrystallised' from methyl alcohol; yield, 50%. The colourless 
prismatic needles had m. p. 105°, and were found to be identical 
in an respects with a sample of 1-methoxyphenanthrene prepared 
by the method described by Pschorr, WoKes, and Buckow (JSer., 
1900, 33, 170). 

The authors wish to acknowledge the grant of a Carnegie Teaching 
Fellowship to one of them (J. B. S.) during the tenme of which 
the investigation was carried out. 

Edutburgh University. [Receivedt June 1928.] 


CGCVIII . — Alternating Reactive Positions in the 
Nucleus of tert.-Butylbenzene. 

By John Baldwin Shoesmith and Alexandeb Maokie. 

It is well known that when a substituent enters the nucleus of 
fcrf.-butylbenzene it does so almost exclusively in the para-position, 
i.e., as far as possible from the ^cri.-butyl group. The isolation of 
ortho-compounds has been reported in only two cases : Senkowski 
1890, 23, 2414), claimed to have prepared both ortho- and 
para-nitro-ieri.-butylbenzenes by direct nitration, and Kozak {Bull, 
AJcad, ScL Cracow, 1906, 407) brominated the hydrocarbon and 
submitted the reaction product to the action of methyl iodide and 
sodium, whereby he isolated two isomeric ter^.-butyltoluenes, one 
of which he described as the ortho-compound. Since Malherbe 
{Ber., 1919, 52, 319) was unable to repeat Sefikowski’s results, the 
evidence that reaction can take place at both ortho- and para- 
positions is confined to the observations of Kozak. 

It has now been proved that Senkowski isolated o-nitro-ier^.- 
butylbenzene, and a further example has been obtained of the 
alternating influence of the fer^.-butyl group in that, when treated 
with hydrogen iodide, the isomeric iodo-feri.-butylbenzenes only 
react if the iodine is in the o- or p-position. 

o-Nitro-tert,‘butylbe7izene , — ^It was^ not found possible to prepare 
this compoxmd by direct nitration (compare Malherbe, loc, cit,), but 
it was obtained in the following manner. p-Nitro-fer^.-butyl- 
benzene (the constitution of which was proved definitely by Mal- 
herbe) on further nitration gives a dinitro-compound, m. p. 62°, 
wipch might be 2 : 4- or 3 : 4-dinitro-^eri,-butylbenzene, the latter 
possibility requiring consideration because of the inhibiting effect of 
the ^«rt.-butyl group on substitution in the ortho-position. The 
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dinitro-compound on reduction with ammonium hydrogen sulphide 
gives a nitroamino-compound, m. p. 55°, and elimination of the 
amino-giuup gives an oil, b. p. 250’5°/765 mm. ; this can be 
converted into an amine of which the acetyl derivative has 
m. p. 161° and strongly depresses the m. p. of p-aoetamido4erf.- 
butylbenzene (169°), Since the m. p. of the corresponding 
meta-compound, which would result in the same way from the 
3 : 4-isomeride, is 99° (see p. 2338), this leaves no doubt as to 
the constitution of the o-nitro-compound and also classifies the 
nitroamino-compound as 2-nitro-4t-amino*teTt.-butyIbenz6nei and the 
dinitro-compound as 2 ; 4-dinitro-teri.-butylbenzene. The above 
proof is necessitated by the fact that it was not found possible to 
obtain o-nitrobenzoio acid from o-rdtro-feri.-butylbenzene, a point 
stressed by Senkowski (loc, cit.)^ who gave the b. p. of the compound 
as 247 — ^248°/738 mm. and the m. p. of, the o-acetamido-compound 
as 159°. 

The Reduction of the Isomeric lodo-terL-butylbenzenes, — ^The ease 
of removal of iodbie from these compounds by hydrogen iodide is 
o>p>m, and the comparative ease with which the ortho-isomeride 
was reduced shows that iodine may be removed from a position which 
is almost immune from attack by the ordinary substituting reagents. 
This can readily be understood if the preliminary stage in the 
replacement of iodine by hydrogen is the attraction of a proton to a 
negatively polarised position such as would be expected to occur 
in both the ortho- and para-positions in the nucleus of ter^.-butyl- 
benzene. It would not be expected that the attachment of a proton 
in the ortho-position would be inhibited to the same extent as that of 
the more bulky molecules of nitrating, halogenating, and sul- 
phonating agents ; moreover, when these experiments are compared 
with the corresponding experiments in the toluene series (Shoesmxth 
and Slater, J., 1924, 125, 2278), it is found that whilst the rates of 
removal of iodine from o-iodotoluene and o-iodo-<er^.-butylbenzene 
are similar, the quantities of ortho-compounds formed by direct 
substitution of the corresponding hydrocarbons are markedly 
different. 

The Behaviour of o^Bromo-tevt^^butylbenzene with Magnesium * — ^In 
a recent communication, Tschitschibabin, Elgasine, and Lengold 
{Bull. Soc. chim.y 1928, 43, 238) have stated that when the mixture 
produced by the bromination of ter^.-butylbenzene is allowed to react 
with magnesium, followed by ethyl orthoformate, p4ert.~hvLtjl- 
benzaldehyde is formed exclusively, since on oxidation only p4eri.^ 
butylbenzoic acid could be isolated. They conclude that any 
o-bromo-^eri.-butylbenzene present does not form a magnesium 
derivative. As the present authors had already found that 
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t^,-bviylbemem readily gives a Grignard reagent, this appeared 
remarkable, and o-bromo-tevt^-butylbenzerie was therefore prepared 
as follows : p-Nitro-^erf,-butylbenzene is brominated with difficulty 
at 90° in presence of finely divided iron, giving a compound which 
must be 2-bromo-4:-nitTo-teT±.-butylbenzemi since on reduction it gives 
an amine the acetyl derivative of which is different from 3-bromo- 
4-acetamido-teri.-butylbenzene (the only other possible reaction 
product). 2-Brorm-i‘ami7io-t&rt,‘‘butylbe7ize7ie on elimination of the 
amino-group gives o-bromo-ter^.-butylbenzene which in ethereal 
solution reacts vigorously with magnesium, and from the product 
o-^it.~biitylbenzoic acid may be produced in the usual manner. 
This acid may also be prepared from the o-iodo-derivative. The 
authors do not suggest that this is additional evidence in favour of 
the polarisation of the ortho-position, but merely wish to point out 
that the steric effect of the ^er^.-butyl group is not sufficient to 
inhibit a reaction involving the attack by magnesium of a halogen- 
ated ortho-position. 

Experimental. 

There is much confusion in the literature with respect to iso- and 
^eri.-butylbenzene derivatives, and we therefore used as our starting 
product the authentic feri.-butylbenzene prepared by the method of 
Schramm (Jfonc^sA., 1888, 9, 615), who proved that iso- or ferf.-butyl 
chloride condensed with benzene in presence of aluminium chloride 
to give tert,- and not i^o-butylbenzene. Eeferences which describe 
compounds as isobutyl when in reality they are -butyl are marked 
with an asterisk. 

iaoButyl alcohol was converted to a mixtme of iso- and terf.-butyl 
chlorides by means of zinc chloride and phosphorus trichloride (Dehn 
and Davis, J, Amer, Chem. Soc., 1907, 29, 1332), but only a 32% 
yield could be obtained, the chief product being apparently a 
mixture of polymerised butylenes. The mixed chlorides were 
condensed with benzene as described by Schramm (Zoc. cit.) ; con- 
tinuous stirring and efficient condensing apparatus improved the 
yield (27%), and white aluminium chloride of very good quality was 
found to be advantageous. The ieri.-butylbenzene had b. p. 
165—170°. 

p-^iiro-tert.-6irf2^Z6c%3ewe. — ^Nitric acid {d 1-52) was gradually 
added to an equal weight of vigorously stirred ^er^.-butylbenzene at 
the ordinary temperature ; when reaction was complete (2 hours), the 
mixture was poured into water, and the yellow oil washed with 
water, dried, and distilled : b. p. 125 — 130°/10 mm. It could not 
be solidified. 

2 : irlMnitro-^^.-buiylbenzem. — mixture of nitric acid {d 1-51 ; 
2 parte fay weight) and concentrated sulphuric acid (3 parts) was 
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added during 5 hours to vigorously stirred ^erf.-butylbenzene (1 part) 
maintained at 60°. The nitration product was poured on ice, and 
the precipitated yellow oil slowly solidified. The solid was filtered off 
and washed with water. It crystallised from aqueous alcohol in white 
pris 23 is, m. p. 61 — 62° (compare Malherbe, loc. ciL, and Baur, jBer., 
1894, 27, 1610), which slowly turned yellow on exposure to light. 
The same compound was obtained by heating vigorously stirred 
p-nitro-ieri.-butylbenzene with an equal weight of nitric acid 
(d 1*51) at 60° for 2 — 4 hburs. 

2-NitroA-amim-tQxt.’>bv;tylbenzene , — ^Finely divided 2 : 4-dinitro- 
ier^.-butylbenzene (20 g.) was added to a mixture of ethyl alcohol 
(76 c.c.) and ammonia (d 0*880; 10 c.c.), and hydrogen sulphide 
passed into the mixture for one hour, the reaiction flask being 
occasionally agitated. The mixture was then heated for a few 
minutes on the steam-bath, cooled, and the process repeated. To 
the reaciaon mixture an excess of water was added, and the nitro- 
amino-compound, precipitated as a yellow solid mixed with sulphur, 
was filtered, washed with water, and heated under reflux with an 
excess of hydrochloric acid (d 1*06) for 5 minutes. The solution was 
filtered from sulphur, the filtrate cooled until the hydrochloride 
commenced to crystallise out, and an excess of ammonia {d 0*880) 
was immediately added. The nitroamine separated as an oil which 
rapidly solidified; yield 71%. 2-NitroA-amino-t^t,-bviylbenzene 
crysta^es from aqueous alcohol as yellow plates, and from light 
petroleum as yellow needles, m. p. 56° (Found : N 14*7. 

requires N, 14*4%). When boiled with acetic anhydride, 
it gives the acetyl derivative, colourless needles, m. p. 112° from 
auquepus alcohol. 

Q-Nitro-tei±.-butylbe7izene.r-‘To the amiho-compound (1 part), 
dissolved in absolute alcohol (3 parts), concentrated sulphuric acid 
(3 parts) was added, and the whole cooled to 0°; the sulphate 
crystallised out and the amine was diazotised, the reaction mixture 
then being allowed slowly to attain the laboratory temperature and 
finally heated on the steam-bath. o-Mtro-fejif.-butylbeiizene was 
removed in a current of steam, extracted from the distillate with 
ether, and ultimately obtained as a yellow oil (yield 54%) with a 
characteristic odour, b. p. 114 — 115°/10 mm. or 260*5°/765 nun. 

o-Amifio-itext.-butylbenzene , — ^Fine iron filings {12 g.). were mixed 
with water (15 c.c.) and the mixture slowly stirred and heated whilst 
1 ©.c. of glacial acetic acid and 0*3 c.c. of a-nitro-fer^.-butylbenzehe 
wese added; the temperature was raised to 90° and 10 g. of the 
o-nitro-compound were slowly introduced during 3 hours. After 4 
furtha: 2 hours’ heating, the amine was distilled in steam, extracted, 
from the distillate with ether, dissolved in dilute hydrochloric acid, 
4 h 
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separated from unchanged nitro-compound by ether extraction, and 
precipitated from its hydrochloric acid solution by addition of 
ammonia ; when re-extracted with ether and purified by distillation 
it had b. p. 102° (10 mm. ; yield 76%. The amine was found to be a 
colourless liquid, very volatile in steam, becoming red on exposure 
to air which caused separation of a small quantity of crystals, 
probably carbonate (compare Senkowski, loc. cit.). o-Aoetamido- 
icr^.-butylbenzene was obtained from the amine in the usual way, and 
crystallised from benzene in prismatic needles, m. p. 161'^ (Senkowski 
gives 159®). 

O’lodO’-tQTt.-butylbenzene. — ^Dilute sulphuric acid (60 o.c*; d 1*12) 
was added to the above amino-compound (5-5 g.), the whole well 
stirred to ensure formation of a finely divided precipitate of amine 
sulphate, and the latter diazotised by a solution of sodium nitrite 
(5 g. in 10 c.c. of water) at —10®. The diazonium sulphate is very 
unstable and appeared to decompose at about —8°, Potassium 
iodide (15 g.) in water (26 c.c.) was then rapidly added to the very 
vigorously stirred diazo-solution, the temperature was allowed slowly 
to rise to 18°, and decomposition completed on the steam-bath. 
Excess of aqueous alkali was added to the reaction mixture to remove 
free iodine, and the iodo-compound distilled in a current of steam. 
The ethereal extract of the distillate finally 3 rLelded an oil, and that 
from several experiments was fractionated under reduced pressure. 
o-IodO'\^v\i.-butylbenzene is a colourless oil, b. p. 116 — 118°/10 mm. 
(Found : I, 48-3. requires I, 48-8%) ; yield 13%. 

. m-IodO’toTt.-bv^ylbenzene. — ^This was obtained as follows : p-nitro- 
^er^.-butylbenzene was reduced by iron and hydrochloric acid (as for 
the ortho-compound), the amino-derivative acetylated (m. p. of 
acetamido-compound, 169°; Malherbe, he. cit gives 169°), the 
acetyl derivative nitrated at 35 — 40° by acid of d 146, and the 
product hydrolysed by alkali to m-nitro-p-amino-leri.-butylbenzene ; 
the amino-group was removed and the resulting nitro-compound 
reduced (as before) to wi-amino-iert.-butylbenzene (an oil of b. p. 107 — 
108°/9 mm.) ; acetylation then gave a product of m. p. 99® (Gelzer,* 
JSer., 1888, 21, 2949 gives 101°) from which the amino-compound was 
regenerated, and this was finally converted into the iodo-compound. 
m--lodo~i^,^btdylbenzene is a liquid, b. p. 106— 108° /9 mm. (Foimd : 
I, 484. OioHigl requires I, 48*8%). 

3 ?-Iodo-fe?f.-butylbenzene, obtained by the usual methods from 
the ^-nitro-compound, distilled at .116 — 118°/9 mm. (compare 
Willgerodt and Eampacker, Ber., 1901, 34, 3669; Pahl,* Ber., 1884, 
17, 1233 ; Boedtker, Bull. Soc. chim., 1906, 35, 832). It is note- 
worthy that whilst o-fe?TE.-butylbenzenediazonium sulphate is very 
. - • See p. 2336. ' - 
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unstable even at 0°, the m- and ^dsomerides are comparatively 
stable, a phenomenon which is paralleled in the corresponding 
toluene derivatives. 

o-Bromo-t&rt^-butylbenzene. — 2 - Bromo-i: - nitro-teit.-butylbenzene 
was prepared by heating p-nitro-ter^.-butylbenzene (6 g.) with 
bromine (7 g.) in presence of finely divided iron (1-2 g.) in a flask 
fitted with a refl.ux condenser and calcium chloride tube, to about 
90®. Evolution of hydrogen bromide was moderately brisk, and after 
about J hour, a further 7 g. of bromine were slowly added and the 
whole was heated for 7 hours. When cold, the product formed a 
semi-solid mass, and on distillation in a current of superheated 
steam, a yellow, oily solid slowly collected in the receiver. This was 
filtered off, pressed on a porous plate, and crystallised from alcohol, 
forming long, colourless needles, m. p. 94*5® (Found : Br, 30*6. 
GyjHigOgNBr requires Br, 31*0%). This bromination is much 
slower than that of jj-nitrotoluene, but if all unbrominated oil is 
recovered, a yield of about 88% may be obtained. 

2-BromO‘4:‘‘amino-teTt.-butylbenzene. Concentrated hydrochloric 
acid (1 c.o.) was added to a solution of the foregoing bromo-compound 
(7*5 g.) in 30 c.c. of alcohol, and the mixture heated under reflux 
to the boiling point, finely divided iron (5 g.) then being added in 
4 equal portions. After 2 hours, reduction was complete and the 
alcoholic solution was filtered from iron, water added to the filtrate, 
and the filtrate extracted with ether. The amine hydrochloride, 
precipitated on the addition of hydrochloric acid to the ethereal 
extract, w^ filtered, washed with ether, and dissolved in hot dilute 
hydrochloric acid, the amine then being precipitated by addition of 
concentrated ammonia and extracted with ether. After distillation 
of the ether, 2-bromo-4t-amim-teTt,-butylbenzene was obtained as a 
pale yellow liquid, b. p. 153 — 155®/11 mm. (Pound : Br, 36*1. 
CiQHi 4 NBr requires Br, 35*1%); yield 70%. Its hydrochloride 
hae m. p. 235° (decomp.), and its acetyl derivative crystallised 
from aqueous alcohol in colourless rectangular plates, m. p. 142 — 
143®. 

ChBromo-\cj^.-hviylberhzene, The amino-group was eliminated 
from 2-bromo-4-amino-fer^,-butylbenzene as for the corresponding 
o-nitro-compound. The diazonium compound was unstable and 
decomposed above —2°. o-jBromo-tert.-6wiyaew«ene is a colourless 
liquid, b. p. 96 — ^98®/12 mm. (Pound ; Br, 38*0. OioH^gBr requires 
Br,37*6%); yield 54%.. 

oA^. Bviylhenmic Acid, — o-Bromo (or o-iodo)-^cr^.-butylbenzene 
was dissolved in ether and the equivalent quantity of magneaii^j^ 
added. On the addition of a crystal of iodine, reaction conmaeiijiM 
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all the magnesium had disappeared. The flask was finally heated on 
the water-bath for 1 houTj after which a current of carbon dioxide was 
passed into the solution for approximately 15 hours. The viscous 
mass was disintegrated by the addition of ice, followed by dilute 
hydrochloric acid, the whole extracted with ether, the ethereal layer 
in turn extracted with sodium carbonate solution, which was 
acidified with dilute acid, and again extracted with ether, o-tert.- 
Butylbmzoic acid was thus obtained after crystallisation from 
aqueous alcohol (20%) as well-defined, hexagonal plates, m. p. 68*5° 
(Found : 0, 73*8 ; H, 7*8. requires C, 74*2 ; H, 7*9%) ; 

yield 60%. 

Seduction of the leomeric lodo-temt.-butylbenzenes. — weighed 
quantity {w) of each of these was allowed to stand at 26° in a 
solution of glacial acetic acid containing 0*40 g. of hydrogen iodide 
per C.C., and the rate of reduction measured as previously (Shoesmith 
and Slater, Zoc. cit). The results are recorded below, t being the 
time in days, and x the proportion changed. 

o-Isomeride (w = 0*3955 g.). jj-Isomeride (iv = 0*4045 g.). 


t. 

X. 

X. 

3 

61% 

11% 

4 

76 

19 

14 

86 

35 


The meta-isomeride was unaffected under these conditions. The 
order of reduction was unchanged even at 100° and 110°. 

The authors wish to acknowledge a grant from the Earl of Moray 
Besearch Fund, and a teaching fellowship (to J. B. S.) from the 
Carnegie Trustees during the tenure of which the investigation 
was completed. 

Edinburgh University. [Seceived, July 19^A, 1928.] 


GCCIX . — The Molecular ConfiguratioTis of Polynuclear 
Aromatic Compounds. Part Till. 6:6'-D^- 
meihoxydiphenic Acid. 

By James BdEisnsrER and Habold Atjgustus Tijrneb. 

The relatively simple method of preparing 2-nitro-m-cresol devised 
by Gibson (J., 1923, 123, 1273; compare Hodgson and Beard, 
J., 1926, 127, 498} has rendered it easily accessible and thus provided 
a convenient starting point for the synthesis of 6 : 6*-dimethoxy- 
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di^Jienic acid. This has been achieved by the following series of 
reactions : 



The acid was found to be asymmetric, and was conveniently resolved 
into optically active forms by means of its quinine salts, a partial 
resolution being also achieved by means of qninidine. 


Experimental. 

2-Niiro-m-cresoL — ^The conditions of sulphonation and nitration 
of m-cresol prescribed by Gibson {loo. cit.) were followed, but it was 
found advisable to employ only 60 c.c. of water in place of 100 c.c. 
for dilution prior to steam distillation, and to conduct this operation 
at first so that the temperature of the vapour issuing from the 
distillation flask was 110®* After about 200 c.c. of distillate had 
been collected, the temperature of distillation was rapidly raised to 
130 — 160®. The buttery mass of 2-nitro-w-oresol then obtained was 
suitable for immediate treatment with methyl sulphate and alkali, 
but could, if desired, be further purifled by freezing. It was un- 
necessary to distil the crude methyl ether, since it crystallised when 
stirred or inoculated with the pure material, and could then be 
purified by crystallisation from dilute alcohol. For its oxidation, 
the ether (5 g.) was boiled with a solution of potassium permanganate 
(13 g.) in water (560 c.c.). 

2-Amino-3-methoxybenzoic acid (Pschorr, Annalen, 1912, 391, 
27) was converted by the ordinary procedure into 24odo-Z-mefhoxy- 
benzoic acid^ which crystallised from dilute alcohol in yellowish 
needles, m. p. 150 — 151° (Found ; Af, 281. OgH^Ogl requires M, 
279). Its mdhyl ester crystallised from benzene-light petroleum 
in prisms, m. p. 67®, and was converted by treatment with an equal 
weight of copper powder at 206 — ^210° into methyl 6 ; &-dimethoxy^ 
di^Jiemie, which crystallised from benzene in small prisms, m. p. 
137—138® (Pound: 0, 65-01; H, 5-78. OigHigOe requires 0, 
66-45 ; H, 5-46%). 6 : &-Dimethoxydiphenic acid was precipii^^, 
as a gummy mass from a cold solution of its sodimn salt, but 
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crystalline condition from hot solutions; by crystallisation from 
alcohol, it was obtained in stout prisms, m. p. 288 — 290® (decomp.) 
(Pound : C, 63-25 ; H, 4-7 ; M, 153. CieB[i406 requires C, 63-67 ; 
H,4-6o/^; Jf,151). 

Brucine hydrogen dimethoxydiphenate was obtained as a uniform 
salt, m. p. 268® (Pound; N,4-4. C 39 H 4 qOioN' 2 requires N, 4-0%), 
and acid to phenolphthalein, when the acid was treated with two 
molecular proportions of brucine hydrate. Its sparing solubility 
in acetone rendered it easily separable from the uimeutralised 
brucine, and the salt separated in prisms from a mixture of chloro- 
form and acetone. 

Resolution of the Acid into Opticcdly Active Gomptments , — solution 
of the acid (3 g.) in methyl alcohol (70 c.c.) was neutralised by a 
solution of quinine hydrate (7-64 g.) in methyl alcohol (30 c.c.), and 
the solvent then evaporated. When the residue was triturated with 
successive amounts of cold acetone (200 c.c. in ah), 4-5 g. remained 
undissolved, whilst a resinous mass (6-3 g.) was recovered from the 
acetone. In other experiments a similar separation was achieved 
by means of ethyl acetate. 

Quinine hdimethoocydipJienate (Found: N, 6*91. 
requires IT, 6-89%), the less soluble of the two isalts thus obtained, 
melted at 172 — 173® after crystallisation from acetone, and this 
m. p. was unaffected by two further crystallisations from the same 
solvent. It had [«]© + 126° (c = 0-95 in chloroform ; Z = 1), and the 
corresponding ammonium salt, prepared by shaking the quinine 
salt with chloroform and a slight excess of dilute ammonia, and 
repeatedly extracting the aqueous solution with chloroform, had 
[a]j> — •291°.(c = 0-59 in water ; Z = 1) : the strength of the solution 
was determined by evaporating an aliquot portion. The free hatcM 
was precipitated from a solution of the sodium salt similarly prepared, 
and, after being dried in a vacuum at the ordinary temperature to 
constant weight, had [a]i> —116® (c = 0’56 in acetone; Z = 2); 
it was only sparingly soluble in chloroform or ether, and melted at 
294—295®. 

When the resin mentioned above was rubbed with successive 
small quantities of cold ether, it was obtained in the form of a 
powder which gradually shrank and decomposed about 60°. It 
was easily soluble in benzene, but was precipitated as an oil by 
ligroin, and could not be crystallised; when dried to constant 
weight it had [a]i> —68® (c = 1-27 in chloroform; Z = 1) and an 
aqueous solution of the ammonium salt jirepared from it had [aj^ 
+254®. Clearly, therefore, the resin was a fairly pure sample of 
quinine d-dimeihoxydiphenuie* 

A mixture of salts was also obtained when the acid (4-5 g.) was 
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neutralised by anhydrous quinidine (9*75 g.) in methyl-alcoholic 
solution. The product was easily soluble in methyl alcohol, acetone, 
and ethyl acetate, but an incomplete separation was achieved by 
allowing the solution of the mixed salts in benzene (60 c.c.) and 
ligroin (300 c.c. ; b. p. 90 — 110°) spontaneously to evaporate. The 
weights, melting points, and specific rotatory powers in 2% alcoholic 
solution of the five successive fractions of prismatic crystals obtained 
were 1*8 g., m. p. 171 — 174°, [a]j> +88° (Found : N, 5*5%) ; 3*3 g., 
170—176°, -23°; 1-0 g., 169—175°, -20°; 1-6 g., 170—175°, 
+50°; 1-7 g., 173—179°, +76° (Found; N, 5-8, 
requires N, 6*9% ). For a 0*4% solution of the sodium salt prepared 
from the first fraction, [aj^ —216°, whilst the second fraction yielded 
a totally inactive solution. 

The UNiVEasiTiES or 

SBEEFiEiiD AND SYDNEY. [Receivedi July 'Jih, 1928.] 


CCCX . — The Chemistry of the Three-carhon System. 
Part XVIII. Quantitative Investigations on the 
Influence of Alkyl Substituents on the 
Change in Unsaturated Acids : Observations on 
ike Reduction of Sorbic Acid^ and a New 
Synthesis of Pyroterebic Acid. 

By Alan AuatrsT Goldberg and Reginald Patrick Linstbad. 

The position of equilibrium in the reversible change between 
ap- and Py-olefinic acids in the presence of alkali appears to be 
independent of the physical conditions under which the interoon- 
version proceeds (Linstead, J., 1927, 362, 2679). It has, therefore, 
become possible to ascertain the efiect of internal conditions, Le., 
molecular substitution, upon the position of ^uilibiium and upon 
the ease with which it is attained. The present communication 
describes an examination of the simplest mono-olefinic acids from 
this point of view. 

In the two butenoic acids, viz.^ vinylacetic (Py-)aindcrotonic («P-)» 
the change appears to be irreversible in the direction py — >- ap, 
and the same preponderance of the ap-form is met with in a- and 
p»alkylcrotoxiic acids, although, since in many instances only the 
ap-fmrms have ae yet been isolated, the evidence is not final. With 

(I.) GH^-CEyrm^-cHRa-co^H S cHs-oHEy-oR^rcRa-co^H m 
the pentenoic acids, a balanced reaction is possible, and we , 
therefore examined the unsubstituted pentenoic acids 
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(Ra^^y = H), and two of the three monomethyl derivatives (Ro or 
Ry = Me), the third possible series (R^ = Me) having already been 
studied (Kon and Linstead, J., 1925, 127, 618 ; Linstead, J., 1927, 
355). In addition, the effect of lengthening the chain 3^sub- 
stitution,*’ resulting in the w-hexenoic acids) was investigated, and 
the c^cZopentenylacetic acids (III and IV) were studied for com- 
parison with the ci/rfohexenyl analogues. The unsubstituted 

(in.) 5&'^>C-CHa-00,H ^ &S>Cm*COaH (IV.) 

pentenoic and hexenoic acids were of especial interest as they were 
among the original substances studied by Fittig (Anmkn, 1894, 
283, 47). 

The preparation of the ten unsaturated acids used in this work is 
described in the experimental portion. The methods available 
for the preparation of a-methyl-A«-pentenoic acid (11 ; R® = Me, 
Rjs^y = H) did not appear to be very satisfactory, but we find that 
it can readily be prepared in a state of purity from propaldehyde 
through the aldol (H 8 'CH 2 -OH(OH)*CBaie*OHO, by dehydration 
and oxidation by the method of I>el6pine and Bonnet {Compt rend,, 
1909, 149, 39). A detailed investigation was made into the prepar- 
ation of terebic acid which was required in the S 3 nxthe 8 is of pyro- 
terebic acid (I ; Ry = Me, Ra^ = H) : the methods involving the 
oxidation of pinene and camphor appeared to afford uncertain 
yields and were not examined, but the remaining methods were 
investigated and much the best was found to be that due to Stobbe, 
in which teraconic acid is prepared from acetone and succinic ester 
and subsequently isomerised to terebic acid. We were able to 
improve upon Fittig’s final method for the preparation of pyroteacebic 
acid, but subsequently developed a new method (see pp, 2349, 2854). 

H^ilibraiion of the Acids, — ^In examining the interconversion 
between the pairs ci acids, both the temperature and the concen- 
tration and excess of catalyst were maintained at the standard 
figures used in previous work, and analyses of the mixed acids were 
again carried out by iodometric methods. In all cases, when the 
pure isomeric acids were treated with 26% potassium hydroxide at 
100°, the same equilibrium was reached in a few hours from either 
side. In the two pairs of acids already examined by Fittig we were 
able to confirm and amplify his statement lhat the equilibrium is on 
the ap side, but our results differ in that, using 26% alkali (Fittig 
used 10 or 20%), we could detect only very slight formation of 
P-hydroxy-acid — generally about 2%. This absence of pronounced 
side reaction serves to support the evidence already obtained (J., 
1927, 362) as to the tautomeric nature of the change. 
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The movement towards equilibrium is shown for three of the 
aliphatic series in Fig. 1 and for the alicycUc acids in Fig. 2, where 
the results previously obtained for the c^cZohexenylacetic acids are 
added for comparison. The more important data are summarised 
in Table I, the approximate time (in hours) required for equilibration 
being given in the last column. 


Pig. 1. 

Py aP 



Table I. 


Interconversion under Standard Conditions, 


Acid (as oj3 fonn). 

Aa-Pentenoic 

a-Methyl-Aa-pentenoic ... 
y-Methyl-Ao-pentendic ... 

cyc?oPentyKdeneacetic ... 


% of aj?-aoid at equilibrium. 


Prom ctjS-acid. 

Prom )8y-acid. 

Mean. 

Time. 

75-6, 75*4, 

75*2 

75*a, 76*4 

75*4 

a 

80-9, 80*2, 

80*5 

81*2, 80*7 

80*7 


6-C, 5*1, 

6*4 

5*4, 6*3 

5*6 

6 ^ 

/13»7 

13*7 

13*7 

13*7 

2 

113*7 , 

13*5 





The Hexenoic Acids . — The results obtained from the hexeneio 
acids were abnormal and presented several features of interebt. 
The ttS-acid behaved normally : treatment with alkali resulted 
fall in boiiing point and an increase in affinity for iodine, indieai!^i^ 
4h2 
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the production of the Py-isomeride. After some 4 hours the iodine 
value of the product became constant (% addition of iodine, 19'9), 
and was unchanged by further treatment; when, however, the 
py-acid (hydrosorbic acid) was treated similarly, a very slow fall in 
the iodine value of the product was observed, becoming constant 
after about 20 hours’ treatment at an addition value of 47*4%. 
Even on prolonged treatment with stronger alkali at the boiling 
point no further change could be effected. Hence, equilibrium 

Fig. 2. 

fiy ap 



Time (hours). 


was not attained, as shown in Fig. 3, where the time of reaction is 
plotted against the iodine addition of the product. 

The three possible explanations of these anomalous results were : 
(1) the use of unsuitable experimental methods, (2) the presence of 
impurity in the acid used, or (3) definite abnormality of the Py-acid 
in its behaviour with caustic alkali. The first explanation was not 
considered probable on account of the excellent results already 
obtained with other acids, whilst the third seemed unlikely, since 
the Py-acid formed from the ap-isomeride in equilibration behaved 
norm^y. On the other hand, the Py-acid had been prepared from 
sorbic add by the method due to Fittig and Baker {AnTwhu^ 1894, 
283, 117) and subsequently used by a number of investigators. 
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The authenticity of our acid was carefully checked. It had a sharp 
boiling point, the correct physical properties, and gave the anilide, 
m. p. 55°, described by von Auwers and Henya [Anmlen, 1923, 434, 
140). It was noticed, however, that the anilide had an indefinite 
m. p. even after repeated crystallisation, and that the difference 


Fig. 3. 



2 4 6 8 10 


Time of equilibration (hours), 

between this and the m. p, of the anilide of the ap-acid was unusually 
large, thus ; 

a-Methyl- y-Methjrl- 
Series. Peiitenoic. Hexenoic. pentenoic. pentenoic. 

M. p. of aS^aniHde 100** 109—110® 84® 119® 

M. p. of Sy-aniUde 75 54—56 75 106 

Difference 25 55 9 13 

This abnomality suggested the presence of impurity in the 
Py-acid, which might be either the ap- or the y3-isomeride, formed 
by 3 : 4- and 1 : 2-addition of hydrogen to sorbic acid, respectively^ 
The iodine addition was high, and therefore the presence of ap-acid 
(or of fully reduced acid) was unlikely, and, moreover, acid containing 
ap-acid as impurity would give normal results on equilibration. The 
y3-aoid, on the other hand, appeared to be a probable impurity : 
its physical properties closely resemble those of the Py-isomeri^; 
(Kchter^ jBer., 1896, 29, .2367), and its presence would aoc®ua#lliiS 
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the observed abnormalities, for it would be expected to resemble 
allylaoetic acid in its inertness towards alkali. A study of the 
literature showed that Mttig’s work, which established the presence 
of the py-isomeride in his hydrosorbic acid without, we think, 
proving its homogeneity, had always been accepted without veri- 
fication. Indeed, in the course of one oxidation {Anmlen, 1892, 
268, 38) he obtained a small quantity of succinic acid which could 
only have been derived from the y3-acid. The bulk of the chemical 
evidence is ambiguous. We have oxidised samples of hydrosorbic 
acid prepared from sorbic acid by Fittig’s method : with ozone, 
succinic acid and a mixture of acetaldehyde and propaldehyde were 
obtained, whilst with alkaline permanganate, succinic, propionic, 
and acetic acids were all identified. From the proportions of these 
oxidation products and from the equilibration experiments on the 
original acid, it is estimated that the hydrosorbic acid ’’ prepared 
in this way contained rather more than 50% of the yS-isomeride. 
The reduction of sorbic acid was then repeated both with aluminium 
amalgam (which had little action) and with sodium amalgam under 
a variety of conditions ; we were unable to isolate the pure Py-acid 
from any of the products, and indeed in one experiment a mixture 
containing about 90% of the yS-acid was obtained, which was hardly 
affected by prolonged treatment with alkali. No separation of the 
acids could be effected by fractional crystallisation of the cadmium 
salts, as suggested by Fichter’s work. The p-toluidide of our acid 
formed mixed crystals (well-defined needles, m. p. 74 — 77®), whereas 
the m. p. of the pure yS-derivative is 103® and that of pure hydro- 
sorbic acid (prepared from the corresj)onding paraconic acid) is 
95'0® (Fichter and Pfister, Ber., 1904, 37, 1997). The preparation 
and equilibration of hydrosorbic acid will shortly be described, but 
it may be said that equilibrium is attained in about 4 hours at about 
77% of ap-acid. 

Two points of interest arise. (1) It is believed that this repre- 
sents the first proof of 1 : 2 addition to a conjugated system of this 
type, although it was predicted by Burton and Ingold (this voL, 
p. 913) ; more recently, in the course of their study of the hydrogen- 
ation of conjugated systems, Farmer and his collaborators have 
obtained other examples of the same kind of addition. (2) The 
results show that the production of a definite equilibrium furnishes 
an admirable test of the purity of an ap- or Py-unsaturated acid : 
the presence of any impurity (other than the isomeride) in such an 
acid win be shown by the inability of the sample to yield the correct 
equilibrium, which can be determined if only one of the twoisomerides 
is available in a state of pxixity. An application is furnished by the 
pentenoic acids, for the Py-aoid yields the correct equilibrium value 
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and therefore contains no y3-acid ; hence 1 : 2-addition of hydrogen 
to vinylacrylic acid does not occur. 

Synthesis of Pyroterebic Acid. — ^As shown in Table I, the equili- 
brium between the y-methylpentenoic acids is 94*4% Py- 5*6% 
ap- ; this is so one-sided that the pure Py-acid can readil}’^ be prepared 
from the equilibrium mixture by fractionation under reduced pres- 
sure, and pyroterebic acid can thus be obtained from its ap-isomeiide 
in 75% yield. As the latter acid can very easily be prepared from 
{sobutaldehyde, the advantages of this method over those pre- 
viously reported are obvious. The authenticity of the pyroterebic 
acid was checked by the preparation of derivatives, by oxidation, 
and by the determination of its iodine addition value, which agrees 
with the figure obtained for the acid prepared from terebic acid. 

The Mobility of the Acids. — The mobility of the acids studied in 
this work was in every case greater than that of the c^/ctohexenyl- 
acetic acids, in which series equilibrium was only reached after 21 
hours’ treatment under the standard conditions. As calculated 
from the equation previously used (J., 1927, 2579), but multiplying 
the results by 10 for convenience (instead of by 100, as formerly), 
the values for I0{k^ + kf) are : c^/cZopentenylacetic acids 22, 
oc-methylpentenoic acids 7, y-methylpentenoic acids 4’5. The 
mobilities of the hexenoic and of the pentenoic acids (Figs. 1 and 2) 
are of the same order, about 7. These figures, calculated from the 
results given on p. 2358, serve to illustrate the important point, also 
made clear in the graphs, that alkyl substituents have little effect 
on the mobility of the change, if reversible, although a gradual 
decrease in mobility is to be expected with increase in mplecular 
weight. The only exception lies in the large difference between the 
cycZopentenylacetic acids (mobility = 22) and the cycZahexenyl 
homologues (mobility =1); this had been foreshadowed by earlier 
results, for it had been shown (Kon and linstead, loc, oit) that 
cycZopentylideneacetic acid was completely equilibrated in less than 
10 minutes with boiling 60% caustic potash, whereas the correspond- 
ing cyclohexaxie acid required an hour’s treatment under these 
conditions. 

The Effect of Alkyl Substituents on Equilibnum. 

The results so far obtained from the study of simple mono-olefinic 
acids containing no second unsaturated group * are summarised in 
Table II. (All values are reduced to whole numbers.) 

From the figures in Table 11, the following generalisations may be 
drawn regarding the comparative stability of the isomeric .ateids 

* The presence of such groups (e.gr., COaH.Ph) introduces 
fsbctors still under study. * 
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Table II. 


Equilibriiam, , . Eqmlibrium, 

Series of acids. % ajS-acid. Series of acids. % ajS-acid. 

jS-Metbylbutenoic ... 100^ Hexenoic ca. 77 

Pentenoic 75 jS-Propylhexenoic 34 3.^ 

a-Methylpentenoic... 81 S-Methylhexenoic ca. 82® 

p. „ ... 26® )5-i5oB\ityl-S-methylliexenoic 49 

y- „ ... 6 A^-cycZoPentenylacetic 14 

jS'^Ethylpentenoic ... 5® A^-cycZoHexenylacetic 12® 

A^-cycZoHeptenylacetic 26 3 

^ Kou and Linstead, Zoc. cif. ® Linstead, J., 1927, 361. 3 Kon and 

May, J., 1927, 1549. * Linstead and May, J., 1927, 2565. 


® Eittig (Zoc. cit.) obtained a mixture of unsaturated acids of this com- 
position by the action of alkali on Aa-fsoheptenoic acid, and this probably 
represents an equilibrium value. 

towards equilibrating agents (alkyl substituents only are referred 
to throughout) : (1) Butenoic acids without y-substituents show 
no stability of the py-form even when substituted on the p-carbon 
atom. (2) Butenoic acids with one y-substituent show a small but 
definite stability of the py-form, which is not appreciably affected 
by the nature of the substituent or by the presence of a-substituents. 

(3) y-Substituted butenoic acids having a second alkyl group on the 
y-carbon show great stability of the Py-f orm, and a simitar but weaker 
effect is produced if the second substituent is on the P-carbon atom. 
The maximum effect in the p-position is given by an ethyl group. 

(4) These principles are still valid if the substituting groups form part 
of a polymethylene ring. 

No exceptions to these rules are known at present, and it may 
therefore be predicted that the equilibrium in the methylci/cJo- 
hexenylacetic acids derived from o-methylc^cfohexanone will be 
more on the Py-side than that in the m- and p-homologues ; that 
diisopropylacrylic acid will give a much higher proportion of the 
py-isomeride on equilibration than di-n-propylacrylic acid ; and that 
the acrylic acid derived from methyl isopropyl ketone will be con- 
verted almost completely into its Py-isomeiide on suitable treatment 
with alkali. It is hoped to test these predictions in the near future. 

The theoretical significance of these results is obvious, particularly 
in the light of the electronic hypothesis of three-carbon tautomerism 
(Ingold, Shoppee, and Thorpe, J., 1926, 1477 \ Ingold, Ann, Beports, 
1927, 24, 109), but consideration of this point is reserved for a 
future communication. 

Exeebimental, 

A. Preparation, Pmificaiim, and Characterisation of the Acids, 

A^-Pentemic Acid (II ; = H). — ^This was prepared from 

propaldehyde by the Dobner reaction, pyridine containing of 
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piperidine being used as condensing agent ; it lisid b. p. 105°/19 mm., 
m. p. 8® (compare von Auwers, Annalen, 1923, 432, 46). Its 
identity was confirmed by the preparation of the acid chloride, 
b. p. 61°/24 mm., dibromide, m. p. 66®, and anilide, m. p. 100® 
(Wohlgemuth, Ann, Ohim., 1914, 2, 332, gives 99®). 

hP-Pentmoic acid (I ; = H). — ^Vinykcrylic acid, prepared 

by the method of Kohler and Butler (J. Amer, Chem, Soc,, 1926, 
48, 1036), was purified by washing with light petroleum until it 
melted at 80® and was then immediately reduced with sodium 
amalgam by the method of Thiele and Jehn (Ber., 1902, 35, 2320), 
a 60% yield being obtained of the pure acid, b. p. 98®/19 mm. The 
acid chloride, b. p. 46® /23 mm., dibromide, m. p. 64® (Thiele gives 
66°), and anilide, m. p. 75® (Wohlgemuth gives 73°) were prepared. 

^•^-Hexenoic Acid. — ^This was prepared from %-butaldehyde by 
the method used for the lower homologue. The pure acid, flattened 
needles from alcohol, m. p. 32®, was obtained in 60% yield. The 
dibromide, m. p. 70®, and acid chloride, b. p. 70°/23 mm., were 
prepared. The latter was converted into the anilide^ needles, m. p. 
109 — 110® (Found : N, 7*5. requires N, 7*4%). 

A^-Hexenoic Acid (Hydrosorbic Acid). — Sorbic acid was prepared 
from crotonaldehyde by the method of D6bner (Ber., 1900, 33, 
2140), and the product (yield 35%) had m. p. above 132®. The 
reduction was carried out in the first place under the conditions used 
for vinylaorylic acid : Sorbic acid (26 g.), suspended in cold water 
(2 1.), was treated with 1300 g. of 3% sodium amalgam, the solution 
being kept neutral by passage of carbon dioxide. At the end of 
the reaction, the solution was decanted from the mercury, acidified 
with dilute sulphuric acid and extracted with ether. The product, 
after drying and removal of the solvent, gave a colourless, rancid- 
smelling oil, b. p, 98® /9 mm. ; 1-4398, df 0-9632, [BJd = 31-21 ; 
yield, 18 g., 72%. This substance gave an acid chloride, b. p. 
62°/18 mm., and an anilide, needles, which in spite of recrystallis- 
ation from a variety of solvents melted at about 66® (Auwers and 
Henya, Zee. ciZ., give 54 — 66®) (Found : N, 7-3. Calc. : N, 7-4%). 
A solid dibromide could not be obtained. The acid added on 
61-6% of iodine under the standard conditions, and, after equilibr- 
ation, 47-6% (see p. 2368). 

5 G. of the acid were dissolved in chloroform (30 c.c.) and treated 
with ozonised oxygen for 12 hours; the bzonide was freed from 
solvent and decomposed by water. The evolved gases were led 
through a solution of p-nitrophenylhydrazme in excess of dilute 
hydrochloric acid, and the thick, orange precipitate, after reoiy^t- , 
allisation, melted at 117® : mixed with an authentic sample of 
aldehyde-p-nitrophenylhydrazone (m. p. 126®) it melted 
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whereas the mixed m. p, with propionaldehyde-p-nitrophenyl- 
hydrazone (ra, p, 118°) was 114°. When all the aldehyde had been 
evolved the residue was treated with perhydrol (20 c.o.) and allowed 
to stand over-night. On evaporation the solution gave succinic 
acid, m. p. 183° (Found : if, by titration, 119. Calc. : M, 118), 
which was further identified by a mixed m. p. determination. 

Another sample (5 g.), prepared by the same method, was dis- 
solved in 500 c,c. of water, excess of sodium bicarbonate was added, 
and the solution was treated slowly with 22 g. of potassium perman- 
ganate and 12 g, of magnesium sulphate in 760 c.c, of water, A 
further quantity of 7-1 g. of permanganate and 15 g. of magnesium 
sulphate was subsequently added (6 g.-atoms + 5%, in all). The 
product was worked up in the usual way, and the acid fraction 
yielded 2-55 g. of a semi-solid residue. The liquid portion of this 
(0-68 g.) was separated by filtration and converted into the acid 
chloride with phosphorus trichloride. Some two-thirds of this 
boiled between 50° and 60° and yielded aceto-p-toluidide on reaction 
with p-toluidine. The last few drops of the remaining liquid 
(b. p. about 75°) were also converted into a p-toluidide and gave 
bold needles of propxon-p-toluidide, m. p. 123°, from light petroleum. 
The residual solid acid was succinic acid, m. p. 182°. The identities 
of these products were confirmed by mixed m. p. determinations. 

Modified Bedudionis of Sorbic Acid, — (1) The reaction was carried 
out as before, except that dilute sulphuric acid was added at half- 
hour intervals until the solution was slightly acid (compare Mttig 
and Baker, loc, ciL), The product obtained as before boiled at 
98 — ^99°/9 mm., and had an “ iodine value of 67-3%, which after 
equilibration for 48 hours fell to 49*0%. Another sample had b. p. 
204 — 206° /760 mm, and gave a p-toluidide forming well-defined 
tufts of needles, m. p. 74° (indefinite). The cadmium salt (compare 
Mchter, Ser., 1896, 29, 2367) was extracted with cold water imtil 
one-third remained as residue, and the solution, which should have 
contained the more soluble salt of the Py-acid, was evaporated to 
dryness. The acid was extracted from the residue by treatment 
with dilute sulphuric acid and ether ; it boiled constantly at 101*5°/ 
12 mm. and had 1*4405, djf 0*9640, whence [iZ^ln 31*23 (v. 
Auwers, loc, cit, finds b. p. 112°/10 mm., 1*4394, df 0*9655, 
[-Bx3jd= 31*11) ; it did not solidify in a freezing mixture, and gave 
an acid chloride, b. p. 60 — 51°/J4 mm., and an anilide, m. p. 62^ 
66 °. 

(2) Acetic acid was added during the reduction at such a rate as 
to keep the solution slightly acid throughout. In this way it was 
hoped to obtain addition of hydrogen to the molecule of sorbic acid 
as distinct from the ion. The product boiled at lOr/11 mm. and 
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had an iodine value ” of 52*6%, which fell to 48*9% after equili- 
bration for 48 hours. 

(3) Sorbic acid (10 g.), dissolved in moist ether (2000 c.o.), was 
reduced with aluminium amalgam (20 g.) in the usual way. The 
product 3 delded 2 g. of the pure reduced acid, b. p. 102®/12 mm., 
iodine value 59*8%, falling on equilibration for 48 hours to 60*6%. 
A considerable quantity of unchanged sorbic acid was recovered 
from the higher-boiling fractions. 

Y»Methyl-A^-pente}ioic Acid (A«-i 5 oHexenoic acid) (II ; Ra,j 8 =H, 
Ely = Me). — ^This was prepared from isobutaldehyde by the method 
used for A®-pentenoic acid. After refractionation of the product, 
the pure acid was obtained in 66 % yield; b. p. 113® /20 mm., 
104® /lO mm. The add chloride boiled at 67®/20 mm. ; the anilide 
crystallised in fine needles from aqueous alcohol, m. p. 119° (Found : 
N, 7*4. O 12 H 15 ON requires N, 74%) ; the dibromide crystallised 
in heavy white cubes, m. p. 124®. 

Terebic Acid. — ( 1 ) Ethyl diaterebate was hydrolysed with con- 
centrated hydrochloric acid (Simonsen, J., 1907, 91, 184) but gave 
a poor yield, never exceeding 20% of terebic acid. Hydrolysis with 
60% sodium hydroxide was very violent, but the use of potassium 
hydroxide gave better results : Ethyl diaterebate (30 g.) was poured 
into 60% aqueous potassium hydroxide solution (100 c.c.) ; hydro- 
lyse, ’v^'hich was accompanied by the evolution of much heat, was 
coihpleted by an hour’s heating on the steam-bath, the solution was 
cooled, the unchanged ester extracted with ether, and the alkaline 
liquid acidified with concentrated hydrochloric acid and evaporated 
to dryness. - The solid residue was exhaustively extracted with 
eth^ in a Soxhlet apparatus, and the solid obtained was repeatedly 
recrystallised from water. It melted between 162® and 166° and 
probably contained much teraconic acid. After being heated with 
concentrated hydrochloric acid and recrystallised, pure terebic 
acid was obtained, m. p. 175® ; yield, nearly 60%. 

(2) Ethyl carbethoxysuccinate was prepared in 60% yield by the 

action of ethyl chloroacetate on ethyl sodiomalonate ; its sodio- 
ooinpound readily reacted with isopropyl iodide and gave a 66 % 
yield of ethyl a-carbethoxy-a-isopropylsuccinate, b. p. 153 — 155®/ 
10 mm. TMs was boiled over-night under reflux with seven times 
its volume of concentrated hydrochloric acid, and the resulting 
solution gave isopropylsuccioic acid on evaporation to small volume, 
m. p, 110® ; 3 rield, 86 %. This acid, when oxidised by the method of 
Lawrence (J., 1899, 75, 627), yielded 61% of terebic acid, which 
melted sharply at 176® after one crystallisation from hot water, 
together with 20 % of the unchanged starting material. -.4 

(3) Teraconic acid (Stobbe, Ber., 1893, 26, 2314) was 
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into terebic aoid by boiling over-night with concentrated hydro- 
chloric acid under reflux (compare lUttig and Frost, Annalen^ 1884, 
226, 365), a 90% yield being obtained. 

y-Methyl-A^-pe7itenoic Acid (Pyroterebic Acid) (I ; Ea,j5 = H, 
Ry = Me). — (1) By dry distillation of terebic acid. The method 
of Fittig and Geisler {Annalen^ 1881, 208, 37) was improved as 
follows : Terebic acid, in 20 g. portions, was placed in a 100 c.c, 
distilling flask fitted with a thermometer, the bulb of which almost 
touched the bottom of the flask. To the side arm was attached a 
60 e.e. distilling flask and to the side arm of this a small water 
condenser in a vertical position. The acid was heated as quickly as 
possible to 240®. At 175 — 180° it melted to a clear golden oil, and 
at about 240° water began to separate. The oil then distilled 
without charring. The distillate partly solidified on cooling, owing 
to the presence of unchanged terebic acid. It was distilled in steam, 
terebic acid and teraconic acid (2*8 g.) being left in the residue. The 
aqueous distillate was saturated with sodium bicarbonate and 
extracted with ether to remove ^socaprolactone {0*5 g.). The 
alkaline solution was then acidified and extracted thoroughly with 
ether. The product, isolated after removal of the solvent and 
refractionation, distilled at 99°/10 mm. ; yield, 6*5 g. (33%). The 
cbcid chloride boiled at 60° /15 mm. The anilide crystallised from 
alcohol and water in needles, m. p. 106° (Found : N, 7 *6. CigHigON 
requires N, 74%). The dibromide was obtained as hard white 
crystals, m. p. 99°. 

(2) From A^-lsohexenoic acid. The ap-acid (20 g.) was heated 
for 15 hours with a solution of potassium hydroxide (120 g.) in 260 
c.c. of water. The solution was cooled, acidified, and extracted 
thoroughly with ether. After removal of the ether, the reside 
oil was distilled in steam and extracted as in the previous method, 
Almc^t the whole product distilled at 99 — 100°/10 mm., the last 
fractions, about 2 c.c., being rejected. On refractionation, 15 g, of 
a clear colourless oil were obtained, b. p. 99°/10 mm. (75% yield). 
This preparation gave the following derivatives : acid chloride, 
b. p. 62°/16 mm. ; anUide, in needles from benzene-light petroleum, 
m. p. 104° [mixed m. p. with the ap-anihde (of m. p. 119°) 85 — 87° ; 
mixed m. p. with anilide prepared by method (1) 106°] ; dibromide, 
m, p, 99°, not depressed in admixture with dibromide from prepar- 
ation (1). 

The new acid (5 g.), dissolved in dry chloroform (30 c.c.), was 
treated with dry ozonised oxygen for 20 hours; the precipitated 
white, soM oamfdfe, sparingly soluble in chloroform, had m. p. 110° 
(decomp.) after drjdng in a vacuum. A portion of the ozonide was 
treated with an excess of water, and the aldehyde evolved was 



CHEMISTRY OF THE THREE-CARBON SYSTEM. PART XVni. 2355 


converted into the ^-nitrophenylhydrazone ; this formed yellow 
needles from alcohol, m. p. 126°, and was identified as the acet- 
aldehyde derivative by comparison with an authentic sample : a 
mixture with a specimen of the jp-nitrophenylhydrazone of iso- 
butaldehyde (m. p. 128°) melted at 103°. When all the acetaldehyde 
had been removed, the residual solution was heated under reflux for 
an hour, and a white,'orystalline deposit was formed in the condenser. 
An excess of sodium bicarbonate was added and the liquor slowly 
distilled under a column, the first 10 c.o. being collected. The 
presence of acetone in this was shovm by the immediate formation 
of iodoform and by the preparation from it of dibenzylidene-acetone 
(m. p. 111°, identified by mixed m. p.). The white solid, volatile 
in steam, was undoubtedly acetone superoxide. 

The remainder of the ozonide was left over-night with an excess 
of perhydxol, and the solution subsequently evaporated to small 
bulk ; malonic acid crystallised on cooling, and was identified by its 
m. p. (129°), by its decomposition to acetic acid, and by a mixed 
m. p, determination. 

ct^Methyl-A.^-pentenoic Acid (11 ; Ra == Me, = H). — oc-Methyl- 

p-ethylacrolein (Dobner and Weissenborn, Ber,, 1902, 35, 1144) 
was distilled, and the fraction of b. p. 55 — 60°/18 mm. was immedi- 
ately oxidised. The aldehyde (40 g.), mixed with silver nitrate 
(230 g,), water (600 g.), and rectified spirit (200 c.c.), was stirred 
vigorously, and to it were added during 3 hours 76 g. of sodium 
hydroxide in 1 litre of water (compare Del6pine and Bonnet, ?oc. cit .) ; 
reaction was completed by standing over-night. The filtered 
solution was acidified and thoroughly extracted with ether. The 
product, after drying and removal of the solvent, was fractionated, 
a-methyl-A«-pentenoic acid being obtained as a colourless oil, b. p. 
112° /12 mm. (yield, 25 g., 60%). On cooling in ice, the product 
solidified completely and melted at 22—23° (Lieben and Zeisel, 
Momtsh., 1883, 4, 46, give 24-4°). 

The acid cMoride boiled at 63° /16 mm. The amide^ prepared 
from this by the action of dry ammonia in benzene solution, crystal- 
lised from benzene or carbon disulphide in plates, m. p. 80° (Pound : 
N, 12-3. OgHnON requires N, 12*4%). All the crops obtained by 
fractional crystallisation of this substance melted sharply at 80°, 
and the m. p. could not be raised by further purification ; we were 
unable therefore to obtain either of the amides, m. p. 65'5° and 96°, 
described by Macq {Bvlh Acad. roy. Belg., 1926, 12, 753) as those of 
the cis- and im9w.forms of this acid. The preparative method used 
by Macq (hydrolysis of the corresponding unsaturated nitrile) 
would, however, certainly lead to the production of a naixtajts^^ 
, and it is probable that this was insufficiently separated 
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pare Newbery, J., 1925, 127, 295; von Auwers, Annalm^ 1923, 
432, 46). 

Tbe anilide of a-methyl-A«-pentenoio acid, prepared from the 
acid chloride, crystallised from benzene-light petroleum in needles, 
m. p. 84® (Found : IT, 7-2. C 12 H 15 ON requires N, 7-4%). The 
dibromide crystallised from carbon disulphide in hard, white prisms, 
m. p. 96 — 97® (Lieben and Zeisel, Zoc. cit, p. 77, give 97-6®). 

a-MethyUA^-pentenoic Acid (I ; Ra = Me, RjB,y == H). — ^This was 
prepared by the method of Fichter and Rudin (Ser., 1904, 37, 1616), 
who, however, gave scanty details. Ethyl «-methyl-p-acetosuccin- 
ate (100 g.), obtained in 62% yield from ethyl sodioacetoacetate 
and ethyl a-bromopropionate, was dissolved in 200 c.c. of rectified 
spirit and 150 c.c. of water, and cooled to 0®. To the mechanically 
stirred solution were added 1400 g. of 3% sodium amalgam in seven 
equal lots at one-hour intervals, 100 c.c. of water being added with 
each addition. The solution was kept over-night and the super- 
natant liquor separated from the mercury, carefully acidified with 
dilute sulphuric acid (evolution of carbon dioxide) and extracted 
with ether. The extract was dried and the residue after removal 
of the solvent was fractionated in a vacuum. The low-boiling 
fraction, 140 — 160®/12 mm. (16 g.), was presumably a-methyl- 
IsBvulic acid. At 196®/12 mm., ay-dimethylparaconic acid, 
GH 3 -CH*<M(C 02 H)“( 3 HMe'C 0 , came over and solidified to a mass 

I 0 • ■ 

of long, white crystals (30 g., 40%), m. p. 130° after crystallisation 
(Fichter and Rudin report a 70% yield, but we were unable to 
obtain this in spite of many variations of conditions). 

The paraconic acid (20 g.) was distiRed from the same apparatus 
as that used for terebic acid, the temperature being raised very 
gradually to 240 ® ; distillation commenced at 280® and continued up 
to 285°, there being no charring of the paraconic aeid. The product 
was worked up as described for pyroterebic acid, and on fractionation 
gave 7*5 g. of a liquid, b. p. 101 — 103°/16 mm., and 102°/16 mm. 
after refraetionation ; yield, 33%. From the residue of the steam- 
distillation, 3 g. of the paraconic acid were recovered. Fichter and 
Rudin (Zoc. ciZ.), using a different method of separation, obtained 
only 16% of the unsaturated acid. 

The acid chloride boiled at 47® /17 mm. The amide, prepared in 
the same way as the ap-isomeride, crystallised from carbon disulphide 
or benzene in glistening plates, m. p. 74° (Found: N, 12-2. 
C 3 H 11 ON requires N, 12-4%). The anilide crystallised from 
aqueous alcohol or benzene-light petroleum in needles, m. p. 76° 
(Found ; N, 74. Cj^HisON requires N, 74%). 

ojoloPerUylidene(ZQetic acid (IV) (Kon and Linstead, loo. oil,) 
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boiled at 133°/15 mm. and solidified to a white mass which on 
crystallisation from alcohol melted sharply at 64'^. 

/^-ojoioPmtenylacetic acid (III) was prepared by the action of a 
large excess of 40% potassium hydroxide on the a^-isomeride for 
1 hour. The acid, isolated in the usual way, was freed from adhering 
oil by washing with light petroleum, and recrystallised from aqueous 
alcohol, m. p. 62° ; yield, 50%. 

B, Equilibration of the Acids. 

The same potassium hydroxide solution was used throughout : 
it contained 300 g. KOH per litre of solution, and was standardised 
from time to time against JV'-acid. Equilibrations were carried out 
by the standard procedure (J., 1927, 2579), 2 g. of the acid being 
sealed up with exactly ten times the theoretical amount of the 
alkali. The reaction mixture was then heated in a bath of boiling 
water. Owing to the formation of hydroxy-acids, the method of 
working up the product diSered from that used previously. At 
the end of the required time the tube was opened and the contents 
were acidified and extracted with ether. The undried extract was 
freed from solvent under a good column and slowly distilled m steam 
for 1 hour. The mixed unsatoated acids in the distillate (about 1 
litre) were isolated in the usual way after removal of lactone. The 
residual oil was washed into a tared beaker with pure ether and 
weighed after removal of the ether in a vacuum over parafiSn wax. 
In every case about 1-7 g. of mixed acids (ca. 85%) were recovered 
in this way. 

The residue from the distillation in steam was extracted with 
ether and the hydroxy-acids were isolated, after drying and removal 
of the solvent, as sweet-smeUing viscous oils. The foUowing 
amounts were obtaiaed during the equilibrations : Pentenoic acids, 
traces; hexenoic acid, 22%; isohexenoic acid, 5%; a-methyl- 
pentenoic acids, traces ; ot/ctopentenyl acids, nil. 

The molecular weight of the p-hydroxy-Ti-caproic acid derived 
from A®-hexenoic acid was found by titration with standard baryta 
to be 131 (OeHigOg requires 132). The other hydroxy-acids were 
not obtained in quantities sufficient for examination. In this 
respect the results are contrasted with those of Eittig, who obtained 
- quantities of p-hydroxy-acids varying from 15 to 35%. 

C. Analysis of the Equilibrated Acids. 

The method of Linstead and May (Zoc. cit.) was used throughout. 
Data for reference were first obtained by determining the % addition 
of iodhae under the standard conditions to mixtures of the isomertfi^^, 
of known composition, at least three determinations being 
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on every mixttire. These data were then incorporated into reference 
curves, this iodine value ” being plotted against the % com- 
position of the mixed acids. Quantities of the equilibrated acids 
equivalent to MjSOO were then examined in the same way, three 
determinations of the iodine value being made in each case. The 
composition of the acid mixture was then found from the reference 
curve. The time of equilibration was increased until there was no 
further change in the iodine value of the product. The curves 
obtained from each pair of isomerides by plotting time of equilibr- 
ation against composition of the product were of the exponential type, 
beco m i ng asymptotic to each other at the equilibrium point 
(Kgs. 1 and 2), 

The following tables summarise this section of the experunental 
work. 

Penienoic acids : Beference daia. 


% ajS-Acid 


100 

80 

66-6 

50 

33-3 

20 

0 

Iodine value (10 mins.) 


4-4 

13*7 

19*8 

26-6 

34*8 

41*4 

46*8 


Equilibration data. 





Starting acid : 

ap. 

0/5. 

aP. 

ap. 

Py. 

Py- 

Py- 

Py- 

Time of reaction (hrs.) 



12 

16i 

i 

H 

n 

17 

Iodine value 

9-8 

15-7 

16-8 

16-9 

22-6 

17-4 

16-7 

16-8 

% ajS-Acid 

88-8 

76-6 

75-4 

75-2 

61-6 

72-3 

76-6 

76-4 


Mean iodine value at equilibrium : 15'8. ajS-Acid =* 76-4%. 


n-Hexmoic acids. 

Iodine value for ap-acid 14%, for Py-acid (estimated) 70%. 

Equilibration data. 

Starting acid : ojS. ojS. ajS. ojS. aj5. J8y. py. py. py. 

Time of reaction 

(hrs.) 1 2 4 6 8 IJ 2 4 21 34 

Iodine value 14-3 18-4 19-9 20-0 19-9 61*6 61-6 62-6 47-4 47-8 

* Hydrosorbio acid prepared by first method : iodine vtdue 61-6%. The 
variation in the iodine values of other samples of hydrosorbio acid on equi- 
libration has already been given (p. 2352). 

Since the pure hydrosorbio (Py-)acid was not obtained in the 
course of this work the position of equilibrium could only be deter- 
mined approximately. It will be noticed from the figures given on 
p. 2352 that the samples of mixed py- and y8-hexenoic acids which 
gave the lowest iodine values were also those whose iodine values 
changed least on equilibrcdion, i.e., were those containing the most 
y§-acid, Krom a study of these results, we deduce that the iodine 
values of the Py- andyS-acids are approximately 70 and 50%, respect- 
ively, and assuming this figure for the pure py-acid, the equilibrium 
is of the order 22% Py : 78% ap. This equilibrium was also deter- 
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mined by Bouganlt’s method {Ann. Chim. Phys., 1908, 14, 145), 
the unchanged a^-acid being actually isolated (Linstead and May, 
loo. ciL), In three experiments, from 2 g. of the equilibrium mixture 
there were isolated 1*44 g., 1*60 g., and 1*57 g. of the solid ap-acid, 
which give a mean value for the equilibrium of 77% ap : 23% py. 
The variation in the above figures shows, however, that the method 
is by no means accurate. 

y-Methylpentenoic acids : Beference data: 


% a,a-Acid 100 80 60 40 20 0* Of 

Iodine value (5 mins.) 1*8 17-8 34-2 49*0 63-1 73*4 73*1 

Equilibration data. 

Starting acid : afi. aj3. ajS. ajS. ap, Py.* jSy.f 

Time of reaction (hrs.) U ^ 6J 15 26 5 5 

Iodine value (5 mins.) 33*0 60-2 7M 71*6 71-4 71-4 70*9 

%ai3-Acid 61-8 24-5 6*0 5*1 5*4 6-4 6-3 


Mean iodine value at equilibrium ; 71*3. aj5-Acid == 6*6%. 

* Pyroterebic acid from terebie acid. t Pyroterebic acid from aj3-aoid. 

The reaction of y-methyl-A^-pentenoic acid with iodine under the 
conditions was very rapid at first but appeared to stop after 5 
minutes. 

a-Methylpentenoio acids : Beference data. 


% ajS-Acid 100 80 60 40 20 0 

Iodine value (10 mins.) 0 11*1 21*0 30*6 39-9 44*1 


EquUibroiUon data. 

Starting acid : ap, ap. ap. ap. ojS. py» Py. py* 

Time of reaction (hrs.) 1 2 4J 6 10 1 4| -7 

Iodine value (10 mins.) 3-7 7-75 10:6 11*0 10*8 25*8 10-4 10*7 


%ai5-Aoid 93*9 87-0 80-9 80*2 80*5 60*6 81-2 80*7 

Mean iodine value at equilibrium : 10*7. aj5-Acid = 80*7%. 

cjoloPentenyhcetic acids : Beference data. 

%ai5-Acid 100 80 66-6 60 33*3 20 0 


Iodine value (10 mins.) 12*8 34*0 46*2 68*3 72*6 80*3 87*7 

Equilibration data. 


Starting acid : ajS. ajS. ap. ap. aj5. ap. ajS. ap. py. 

Time of reaction (hrs.) ... iil2468 10 2 

Iodine value (10 mins.)... 47*8 61-0 81-4 82*6 83*4 83*6 83*4 83*4 83*4 
%a.a-Acid * 64*3 49*0 18*7 16*6 13-7 13-6 13*7 13*7 13*7 


Mean iodine value at equilibrium : 83-4. ajJ-Acid = 13*7%. 

In this series, the residual iodine was titrated with thiosulpttse^ 
without previous acidification, and there is a slight 
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whioh, does not extend to the interoonversion curves and the position 
of equilibrium. 

Much of the heavy cost of this investigation has been defrayed by 
grants from the Government Grant Committee of the Eoyal Society 
and from the Chemical Society, to whom we wish to acknowledge 
our indebtedness. Our thanks are also due to Professor J. F. 
Thorpe, P.R.S., and Dr. G. A. B. Kon for their interest ^in the 
progress of the work. 

IiMPEBiAii College or Science and Technology, 

South Kensington, S.W. 7. [Received, June 2l8t, 1928.] 

CCCXI . — Oil the Possibility of Ring-chain Valency 
Tautomerism and of a Type of Mobile-hydrogen 
Tautomerism analogous to the Wagner-Meerwein 
Rearrangement. Part IV. Substitution Reactions 
of some Cyclic Derivatives of Phorone. 

By Charles Wililam Shoppee. 

In the course of previous investigations (Francis and Willson, J., 
1913, 103, 2238; Ingold and Shoppee, this voL, p. 365) on the 
cyclic phorone derivatives represented by the formulse (I) and (II), 
numerous observations have been made which indicate that the 
5-carbon nucleus possesses remarkable stability such as is sometimes 
found to be associated with tautomeric complexes. Reference may 
be made to the smooth formation of bromohydroxyphorone (X = 0, 
Y = Br) by the action of concentrated sulphuric acid on dibromo- 
phorone and by the action of bromine and -water on 3 : 3 : 4 : 4-tetra- 
methylcj/cZopentanone ; to the conversion of hydroxyphoione 
(Y = H) into the bromohydroxy-compound by direct bromination 
without detectable intermediate addition ; to the direct reduction 
of derivatives of bromohydroxyphorone to corresponding deriv- 
atives of hydroxyphorone without loss of the unsaturation on which 
tautomeric character depends ; and finally to the stability towards 
brominating, reducing, and certain oxidising agents of some of 
the derivatives of hydroxy- and bromohydroxy-phorone. These 
observations call to mind the properties of the gfew-dialkylcycZo- 
pentadiene nucleus investigated by Farmer, Ingold, and Thorpe 
(J,, 1922, 121, 128), and the analogy between compounds containing 
this nucleus and aromatic substances (Ingold, Seeley, and Thorpe, 
J., 1923, 123, 852) ; it was therefore decided to study the action of 
substituting agents on hydroxyphorone and its derivatives in order 
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to determine the conditions iindfer which the nuclear type is 
preserved. 



By the action of bromine in chloroform upon the aoetoxy- 
compound (III) andthemethoxy-and^J-bromobenzyloxy-compounds 
represented by (IV), bromohydroxyphorone was produced. 
Hydrogen bromide was evolved from the commencement of the 
reaction and no evidence was obtained of intervening bromine 


fnr.) AcO'C!<:92‘9!^®2 


H’OMeo 




addition. The fact that the alkyl and acyl groups are eliminated 
in the course of these reactions places difficulties in the way of 
their interpretation, since it is not known whether the eliminations 
are antecedent or subsequent to the nuclear substitution ; if they 
are antecedent, substitution might occur through the ion of hydroxy- 
phorone with the formation of a tautomeride of the product isolated 
(compare Part I, p, 383) : 




The facility with which this reaction would be expected to occur 
is such that, assuming the elimination of the 0-substituent to be 
brought about by hydrogen bromide, a very small amount of fission 
at the commencement of the reaction would suffice to cause the 
whole of the subsequent process to pursue the course indicated. 
This mechanism is not analogous to the general case of substitution 
in the aromatic series, and the behaviour of other halogenating 
agents was therefore investigated, , Quinolinium perbromide also 
causes the elimination of the acetyl group from the acetoxy- 
compound (III) and yields the same bromination product as that 
obtained by means of bromine. In the case of the p-bromo- 
benzyloxy-compound (IV), however, fission did not take place and 
simple nuclear substitution was observed, the product being (VI). 
Jk similar result was achieved in the formation of (VII) from the 
acetoxy-compound (HI) by hrominating with quinolinium per- 
haropaide in the presence of a quantity of quinolme sufficient to 
prevent formation of free hydrogen bromide during thejKcp^^fl. 
These substitutions cannot involve prior ionisation of th^ .qiilpDp 
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molecnle and are regarded as taking the course indicated in formula 

(V). 


C Br— >Br 
CMej— CMej (v.) 




The acyl and alkyl derivatives mentioned above appear to show 
but little tendency to couple with diazonium salts, but hydroxy- 
phorone readily does so, and it is therefore assumed that in this case 
the reaction occurs through the anion. Deep red dyes of the type 
(VIII) have been prepared from hydroxyphorone and several aro- 
matic diazonium salts. The position of coupling was indicated in 
the first place by the fact that the reaction fails with bromohydroxy- 
phorone, and was definitely proved by complete reduction of the 
dye given by p-carbethoxybenzenediazonium sulphate. Hydrolysis 
of the carbethoxy-group present in one of the pair of bases formed 
by reduction enabled the aliphatic constituent to be separated and 
this was then identified as 2 : 2 : 3 : 3-tetramethylcycZopentylamine. 


(Vni,) HO-i 


^C(*N:N-Ar)-CMe2 




In the above examples, the nuclear form originally present is pre- 
served throughout the substitution, and it became of interest to 
ascertain whether, if the type were destroyed by previous reduction, 
it would be regenerated during halogenation. For this purpose, the 
saturated methoxy-compound (IX) was prepared, and when it 
was subjected to the action of bromine and chloroform, the tauto- 
meric bromohydroxy-compound was produced. 


Expebimental. 

Brominaiion mi% Free Bromim in GMoroform Solution , — 
5-Aceioxy-2 ; 2 : 3 : S-feZmme^A^Z-A^-cyclojpewZewoTie. The substance, 
b. p. 120 — 121°/10 mm., reacted readily at 35^ with one molecular 
proportion of bromine, evolution of hydrogen bromide taking place. 
The residual oil, obtained after removal of the solvent on the steam- 
bath, readily solidified; it was pressed on porous tile and crystal- 
lised from ligroin (b. p. 80 — 100®), from which it separated in colour- 
less needles, m. p. 116®, identified as bromohydroxyphorone by 
direct comparison and mixed melting point. 

: 2 : 3 : 3-feZmmeZ%Z-A^-cyclopewfen(me. The pure 
methoxy-derivative, prepared by methylating the hydroxy-ketone, 
b. p. 110®/18 mm., was treated with 1 mol. of bromine ; substitution 
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with evolution of hydrogen bromide occurred readily on gentle 
warming. The product, bromohydroxyphorone, m. p. 116®, was 
isolated and identified as above. 

6 - p - Bromobenzyloxy - 2 : 2 : 3 : 3 - tetramethyl - - oyolopenteTume, 

The crystalline solid, m. p. 86°, was treated with 1*2 mols. of bromine 
in boiJtog chloroform, and substitution slowly took place. When 
evolution of hydrogen bromide had. ceased, the solvent and the 
excess of bromine were removed on the steam-bath. The residual 
oil, which was lachrymatory and had the characteristic odour of 
p-bromobenzyl bromide, solidified on stirring, and was washed with 
a little hot ligroin (b. p. 40 — 60°) to remove this product. The 
solid was crystallised from ligroin (b. p. 80 — 100°) and then it had 
m. p. 116°; it was identified as before. 

5-Methoxy-2 : 2 : 3 : S-ieirflwweiAt/fcyclopewtonone. The methoxy- 
compound was treated with excess of bromine in hot chloroform, 
substitution taking place with evolution of hydrogen bromide. The 
solvent, excess of bromine, and hydrogen bromide were removed on 
the steam-bath and the residual oil soon became solid. It was 
identified as bromohydroxyphorone. In another experiment, 
bromine (1 mol.) was added to the warm chloroform solution of the 
methoxy-compound. Substitution took place after a short induc- 
tion period, and bromine was added until a permanent red colour 
was obtained. The residue remaining after evaporation partially 
crystallised, and the solid separated from ligroin (b, p. 60 — 80°) in 
colourless prisms, m. p. 99 — 100° The dibr<mo-oompovmd gave 
no colour with aqueous-alcoholic ferric chloride, and was stable to 
bromine in acetic acid, and to alkaline permanganate ; on keeping 
it decomposed with evolution of free bromine (Pound : C, S?*!, 
37-3; H, 6-6, 6*8. OioHieOgBra requires 0, 36*6; H, 4*9%). 

3:3:4: 4:-TetrameihyhYolope7iMiione. The ketone was treated 
with bromine (2 mols.), substitution taking place on gentle warming. 
The product obtained on evaporation crystallised from ligroin 
(b. p, 60 — 80°) in long needles, m. p. 93°, and depressed the m. p. 
(99 — 100°) of the substance described above (Pound : C, 36*7, 
37*2; H, 4*6, 4*4; Br, 63*8, 63*9. 09 Hi 40 Br 2 requires 0, 36*2; 
H,4*7; Br,53*7%). 

5-Semoyhxy~Z : 3 : 4 : 4-feimmei%Zcyclo^e%too?ie. The bromin- 
ation of this substance (Part 11, this voL, p. 1662) has been rein- 
vestigated, but with little success. In addition to free benzoic 
acid, a bromine-free substance is formed, m. p. 100 — 101°, to which 
no formula has been assigned (Pound: 0, 71*3, 71*6; H, 7*4, 
7-2%}. 

BromiTiation wiiJi Quinolinium Perbromide . — ^The reagent waa]^il| 
pared by the method of Rosenmund and Kiihnhenn 
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56 , 1264); alcohol, which these authors recommend for crystal- 
lisation, may be advantageously replaced by chloroform. 

Acetoxy-derivative (III). (1) The compound was dissolved in 
glacial acetic acid, and the calculated quantity of quiaolinium per- 
bromide added. The whole was warmed on the steam-bath for 
I hour, during which the red colour of the solution disappeared. 
On dilution with ice-water, . a crystalline precipitate separated ; 
this was fOitered off, dried in a vacuum, crystallised from ligroin 
(b. p. 80 — 100°), and identified as bromohydroxyphorone (yield, 

/o;- 

(2) The above experiment was repeated, but with the addition of 
quinoline (1 mol.). The product was isolated as described above, 
and when crystallised from dilute acetic acid had m. p. 73°. It was 
identified as 4-bromo-6-acetoxy-2 : 2 : 3 : S-tetramethyl-A^-ci/cJo- 
pentenone by direct comparison and by mixed m. p. ( 3 deld, 70%). 

•p-Bromobenzyloxy-derivative (IV). The same product was ob- 
tained with or without the presence of free quinoline. After 
crystallisation from ligroin (b. p. 60 — 80°), it had m. p. 64°, and 
did not depress the m. p. (64°) of 4-bromo-5-p-bromobenzyloxy- 
2:2:3: 34etramethyl-A^-cyctopentenone on admixture (yield, 
80%). 

Cawplmg of the Hydroxy^ketone with Diazonium Scdts, — ^With 
benzenediazonium sulphate the dye produced by coupling was 
amorphous, but with 2:4: 6-tribromobenzenediazonium sulphate 
and with p-carbethoxybenzenediazonium sulphate, crystalline 
products were obtained. The diazonium sulphates were prepared 
according to the method of Knoevenagel [Ber., 1895, 28, 2049). 

4-2' : 4' : &-Tribromobenzeneazo-B-hydroxy-2 : 2 : 3 : S4etramdhyl- 
A^-QjGlopente7i07ie separates in crimson needles when the theoretical 
quantity of dry 2:4; 6-tribromobenzenediazonium sulphate, dis- 
solved in aqueous methyl alcohol, is added to the aqueous methyl- 
alcoholic solution of the hydroxy-ketone. It is soluble in cold 
2jV-aodium hydroxide (Found: C, 36-2; H, 3-1. CisHigOgNaBrg 
requires C, 36*3; H, 3*0%). 

4 - p - Carbethoxybenzeneazo - 5 -hydroxy - 2 : 2 : 3 : 3 - teiramethyl - - 
eyolopentenone, obtained similarly, forms crimson needles, m. p. 
180® (decomp.), and is soluble in cold 2A^-sodium hydroxide (Found : 
0, 65-4; H, 6’7. CigH 2204 N 2 requires C, 654; H, 6*7%). 

Reduction of the p-GarbeUioxy-dye, — ^The substance (2*0 g.) was 
reduced in hot aqueous-alcoholic solution with successive small 
quantities of sodium hydrosulphite (5-0 g.). The product, which 
contained some substance readily oxidised by atmospheric oxygen, 
was extracted with ether, and the ethereal extract evaporated under 
a column. The residual oil was boiled with phoq)horus and 
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hydriodic acid {d 1*1) for 2 hours to effect reduction of the phorone 
nucleus and hydrolysis of the ^-carbethoxy-group. The liquid was 
then made strongly alkaline and steam-distilled, and the distillate 
extracted vrith ether. The ethereal extract was dried with an- 
hydrous potassium carbonate and evaporated under a column. 
The product was identified as 2:2:3: 3-tetramethylcj^cZopentyl- 
amine ; it was accompanied by a trace of some other base yielding 
a picrate, m. p. 185® (decomp.). 

The author wishes to record his thanks to the Royal Commission 
of 1851 for a Senior Studentship. 

The Univbbsity, Leeds. [SecetW, July 1928.] 


CCCXII . — An Attempt to prepare Optically Active 
Derivatives of Quadrivalent Tin. 

By Frederic Barry Kipping. 

The only optically active compound of tin hitherto described is that 
of Pope and Peachey (P., 1900, 16, 42, 116), who obtained externally 
compensated methylethyl-n-propylstannic, iodide, and hence pre- 
pared both the d-camphorsulphonate and the d-a-bromo-Tc-camphor- 
sulphonate. Evaporation of aqueous solutions of these salts pro- 
duced in each case salts of the dextrorotatory base only, the whole 
of the laevorotatoiy base being converted into its dextrorotatory 
isomeride. From these salts was isolated i-methylethyl-n-propyl- 
stannic iodide, having = 4-23® in ethereal solution. Further- 
more, d-methylethyl-n-propylstannic d-a-bromo-7t-camphorsul- 
phonate was found to be completely racemised by heating in aqueous 
solution on the water-bath for 2 hours, such a solution again giving 
the dextrorotatory salt on evaporation to dryness. 

In view of these results it appeared to be of interest to attempt 
the preparation of further optically active derivatives of tin in order 
to ascertain if the remarkable mobility of the groups attached to 
this atom persisted in aU its compounds. The aromatic derivatives 
were chosen for this investigation, as being more readffy crystallised 
and possibly less easily racemised than the aliphatic compounds. 
The proposed method of preparation was that of Pope and Peachey, 
i.c., to start with a triarylstannic halide, introduce a different aryl 
group by means of the Grignard reagent and remove one of the 
three original radicals by treatment with iodine : 

SnEhgCi SnPhaBz SnPhaBzI 
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A third aryl group was then to be introduced and one of the two like 
radicals again removed, 

SnPhjBzI SnPIi 2 Bz(CH 3 -C 8 H 4 ) 

SnPliBz(CH,.CeH4)I 

As a preliminary, it was therefore decided to prepare some mixed 
tin-aryls and study the action of iodine on these compounds in order 
to determine in which order the various groups must be introduced 
into the molecule for the above purpose. 

The only available data on this subject are that treatment of a 
benzyl-alkyl compound with iodine results in the elimination of a 
benzyl group (Smith and Eapping, J., 1912, 101, 2553), and that one 
of the phenyl groups is similarly removed from c 2 /cfohexyltriphenyl 
stannane (Krause and Pohland, Ber,, 1924, 57, 544). 

In the present instance, it was found that the ease with which 
various groups were removed by iodine from a molecule containing 
two or three different radicals decreased in the following order : 

0- tolyl, p-tolyl, phenyl, benzyl. Thus triphenyl-p-tolylstannane 
with iodine gave triphenylstannio iodide and p-iodotoluene, but 
triphenylhmzylstannane yielded diphenylbenzylstannio iodide and 
iodobenzene. The tin aryls are also decomposed by boiling with 
concentrated hydrochloric acid, and it was found that this reagent 
often removed two aryl groups. 

For example, triphenylbenzylstannane yields phenylbenzylstannic 
chloride and benzene, whilst tetraphenylstannane gives diphenyl- 
stannic chloride. The order in which the groups were removed by 
hydrochloric acid was the same as that with iodine, except that, 
whereas iodine removes one of the benzyl radicals from tribenzyl- 
ethylstannane, hydrochloric acid removes the ethyl group. 

Phenylbenzyhp’tolylstannic hydroxide was then prepared by the 
following series of reactions : 

SnPh* SnPhjI SnPhaBz SnPhBzCla MgBr(p-oH..o.Hj 

SnI>!hBz(f-C7H7)2_^SnPhBz(3>-G,H,)I SnPhBz(3J-C7H7)OH 
and salts of this base were prepared with d-oamphorsulphonic, 

1- a-bromo-TC-camphorsulphonic and tartaric acids, but they could 
not be obtained crystalline. 

Phenyttenzyl-n-butylstarinic iodide was then prepared : 

SnBhaBz SnPhaBzI SnPhgBzBu SnPhBzBuI 

- l-MgBzOl 

SnPhsI SnPfasBu Jly SiiPhaBuI 

but again the salts, with the exception of the fluoride, proved to be 
oils. It was then thought that the aromatic nucleus directly 
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attached to the tin atom might be the cause of the failure of the salts 
to crystallise, and a third compound, benzyUthyl^ii-by^ylstannic 
iodide, was prepared in which no nucleus is thus attached : 

SnBzgQ SnBzgEt SnBzgEtl 

SnBzjEtBu SnBzEtBuI 

Here again the salts resisted all attempts at crjstaHisation. 

Experimeittal. 

PhenyltribenzylstanmTie. — To a solution of phenyl magnesium 
bromide (2 mols.) in ether was added tribenzylstannic chloride 
(1 mol.) (J., 1912, 101, 2556), and the mixture heated on the water 
bath for J hour. The ether was then removed by distillation and 
the heating continued for a further IJ hours. The product was 
treated with water, distilled in steam, and the residual oil extracted 
with ether, dried, and distilled in a vacuum, b. p. 290°/5 mm.* 
(Found : C, 694; H, 5-6. C 27 H 2 gSn requires C, 69-1 ; H, 5*6 %). 
Phenyltribenzylstamutne does not solidify at 0° and is miscible with 
aU the ordinary solvents, with the exception of alcohol; it is con- 
verted by boiling concentrated hydrochloric acid into tribenzyl- 
stannie chloride and benzene. 

Tribenzylstannic iodide was obtained from tribenzylstannic 
hjrdroxide (2. anorg, Chem., 1910, 68, 102) by warming with dilute 
hydriodic acid; it crystallises easily from glacial acetic acid in 
glistening, needle-like prisms, m. p. 102 — 103® (Pound : I,t 24*3 ; 
Sn, 22-7. OgjHgilSn requires I, 24*5; Sn, 22*9%). The same 
coinpound was obtained by treatment of phenyltribenzylstannane 
(1 mol.) dissolved in carbon tetrachloride with iodine (1 moL), 
removal by steam-distillation of the solvent and iodobenzene, and 
crystallisation from acetic acid. 

Dibenzylstannic Chloride. — ^Attempts to prepare benzylstannic 
chloride by treatment of tribenzylstannic chloride with 2 mols. of 
iodine resulted in failure, as only one benzyl group could be removed 
in this way; the product, isolated in the usual way and converted 
from iodide into chloride, proved to be dibenzylstannic chloride, 
m. p: 168®. 

Tetoapheiiylstannane was prepared in quantity by a modification 
of the method' of Pfeiffer and Schnurmann (J5er., 1904, 37, 319). 
Stannic chloride (100 g.) was slowly added to absolute ether (440 c.c.) 
which was cooled in ice and stirred mechanically. Magnesium 

* The pressures given in this paper are probably only accurate to 2 — 3 mna^ 

t All halogen detenninations were carried out by dissolving the md 
in alcohol, adding excess of JV/lO-silver nitrate and titrating the excess; 
potas^snn thiocyanate; , ‘;Ji| 
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(36*8 g.) was then added and bromobenzene (244 g.) dropped in 
slowly. After the addition of the first 10 o.c. or so, a crystal of 
iodine was added to start the reaction, the mixture being warmed it 
necessary. The bromobenzene was afterwards added at such a rate 
that the mixture, still cooled in ice and stirred well, boiled gently. 
Addition occupied about 1 hour, and the product was then heated 
on the water-bath for 2 hours, the ether distilled away, and heating 
continued for a further 2 hours. The solid residue was then added 
to cold water, acidified with hydrochloric acid, and filtered. The 
solid, after drying in air, was boiled with about 600 o.c, of xylene 
and the solution filtered hot. Tetraphenylstaimane crystallised 
from the filtrate in slender needles and was recrystallised from 
the same solvent; yield about 50 — 56%. , , 

TripJienylstannic Chloride, — ^Attempts to prepare this substance 
directly from stannic chloride (1 mol.) and phenyl magnesium 
bromide (3 mols.) by a method similar to that used for tribenzyl- 
stannio chloride (J., 1912, 101, 2666) yielded tetraphenylstannane 
as the principal product, with only small amounts of the halogen 
compound; the method of Chambers and Scherer (J, Amer, Ghem, 
Soc.^ 1926, 48, 1066) was finally found to be best for the preparation 
of both the chloride and iodide : Tetraphenylstannane was boiled 
with hydrochloric acid for about 10 mins, and the oily product 
extracted with petroleum ; on standing, a solid mass of diphenyl- 
stannic chloride, m. p, 42®, was produced from which, by boiling with 
water, diphenylstannic hydroxychloride, m. p. 187®, could be 
prepared. 

Triphenylbenzylstan7Ui9ie was prepared from triphenylstannio 
iodide and benzyl magnesium chloride in the usual manner. After 
removal of impurities by distillation in steam, the product solidified^ 
and then crystallised from alcohol in beautiful colourless plates, 
m. p. 90°, b, p. 250°/3 mm. (Found : C, 67*9; H, 5'04; Sn, 26*5. 
C 2 §H 22 Sn requires C, 68*1 ; H, 6-0; Sn, 27-0%)- The substance is 
readily soluble in the usual solvents with the exception of alcohol. 

Phenylbenzylstannic Chloride. — Triphenylbenzylstannane (1 mol.) 
in chloroform was treated with iodine (1 mol.), which was added 
gradually as the colour was discharged. After removal of the 
solvent and iodobenzene by distillation either in steam or under 
diminished pressure, an oil remained which could not be obtained 
crystalline. It was therefore treated with ammonia, and the 
resultant hydroxide warmed with dilute hydrochloric acid. On 
cooling, a solid was produced which crystallised from petroleum 
(b. p. 80 — 100°) in colourless needles, m. p. 83 — 84° (Found ; C, 
43-98; H, 3-4; Cl, 19-6. requires C, 43-6; H, 3-4; 

Cl, 19*8%). Here, apparently, the gentle warming with hydro- 
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chloric acid has been sufl&cient to remove one of the phenyl groups 
from the molecule. Phenylbenzyktannic chloride was also produced 
by warming triphenylbenzylstannane with concentrated hydrochloric 
acid for a few minutes — ^prolonged boiling results in the complete 
breakdown of the molecule, stannous chloride being formed. 

TribenzyU-p’tolylstannane was prepared from tribenzylstannic 
chloride and ^-tolyl magnesium bromide in the usual way. It does 
not solidify at 0°, and treatment with iodine or hydrochloric acid 
results in the formation of tribenzylstannic iochde or chloride 
respectively. 

Triphenyl-p-tolylstannane {Ber., 1919, 52, 2150), on treatment 
with iodine and conversion of the iodide into chloride, yielded 
triphenylstannic chloride. 

Triphenyl-o-tolylstanTiane, from triphenylstannic iodide and 
o-tolyl magnesium bromide, crystallised easily from diacetone- 
alcohol or petroleum in stout, colourless needles, m. p. 165® (Found : 
C, 67*6; H, 5-4; Sn, 26-7. C 25 H 22 Sn requires C, 68*1; H, 5*0; 
Sn, 27*0%). Treatment with iodine resulted in the formation of 
o-iodotoluene and triphenylstannic iodide. Boiling with hydro- 
chloric acid for a few seconds similarly gave toluene and triphenyl- 
stannic chloride. 

Tetra-p-tolylstannane {Z, anorg, Chem,, 1910, 68, 122) on treat- 
ment with 1 mol. of iodine in choroform yielded tri-j9-tolylstannic 
iodide (Bcr,, 1920, 53, 183). Boiling hydrochloric acid converted 
tetra-j 3 -tolylstannane into an oil which was extracted with petroleum ; 
after prolonged standing, crystals, m. p. 38 — 40®, were formed, 
which were doubtless di-p-tolylstannic chloride (J., 1913, 103, 2049). 

Tri-p’iolyLo--tolylskbnna7ie,pTepaxed as usual from tri-p-tolylstannic 
chloride and o-tolyl magnesium bromide, crystallised rea^y from 
petroleum in colourless prisms, m. p. 168° (Found : Sn, 24*5, 24*65. 
^ 28 ^ 28^11 requires Sn, 24*65%). It is readily soluble in benzene and 
chloroform, fairly so in hot acetone, and not very readily in alcohol. 
Treatment with iodine results in the formation of o-iodotoluene and 
tri-p-tolylstannic iodide. 

Tri-m-tolylstannic Chloride. — ^Treatment of tetra-w-tolylstaimane 
(Ber., 1920, 53, 184) with 1 mol. of iodine resulted in the production 
of an oily iodide which was decomposed with ammonia and then 
treated with dilute hydrochloric acid ; the chloride crystallised easily 
from alcohol or petroleum in small, colourless prisms, m. p. 108 — 
■109° (Found ; Cl, 8*2. CgiHaiSnCl requires Cl, 8*3%). 

Tri-m-tolyl-p-tolylstannam, from tri-m-tolylstannic chloride and 
p-tolylmagnesium bromide, crystallisedfromalcoholin minute, colour- 
less needles, m. p. 103° (Found: Sn, 24*8. CggHggSn requires, 
24*65%). Treatment with iodine resulted in the formation 
4 I 
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iodide which could not be obtained pure and was probably a mixture 
of tri-??i-tolyistaiinio and di-m-tolyl-p-tolylstannic iodides. The 
iodotoluene evolved would not solidify and was probably a mixture 
of the o- and p-isomerides. 

Phenyldi-^-tolyWenzylstanriam Avas prepared by addition of 
phenylbenzylstannic chloride to excess of p-tolyl magnesium 
bromide; it has b. p. 265 — 270°/2 — 3 mm. and does not solidify 
(Found : C, 69*2 ; H, 5*6. C 27 H 2 eSn requires C, 69-1 ; H, 5*55%). 
It is readily soluble in the usual solvents with the exception of 
methyl and ethyl alcohols. Treatment with boiling hydrochloric 
acid resulted in the expulsion of the two tolyl groups and formation 
of phenylbenzylstannic chloride. 

Phenyh’p^iolylbenzylstajinic Hydroxide. — ^Attempts to prepare salts 
of this base by treatment of phenylbenzylstannic chloride with 
1 mol. of j)-tolyl magnesium bromide resulted in failure, phenyldi- 
^-tolylbenzylstannane being formed andsome of the halide remaining 
unattacked ; but treatment of phenyldi-^-tolylbenzylstannane 
in chloroform solution with 1 mol. of iodine resulted in elimination 
of ^-iodotoluene and formation of an oily iodide. This salt was 
therefore treated vith ammonia and a solid hydroxide produced, 
which after three crystallisations from ethyl acetate melted at 
136—137° (Found: C, 60*98; H, 5*14; Sn, 30*1. CgoHg^OSn 
requires C, 60*8; H, 5*07 ; Sn, 30*1%). The 
of this base was obtained by dissolving equimolecular proportions 
of it and the acid in acetone. Evaporation of the solvent left an oil 
which resisted all attempts at crystallisation. It was readily 
soluble in acetone, alcohol, ethyl acetate, and chloroform, but almost 
insoluble in water and petroleum. Solution in acetone followed by 
precipitation by water was carried out six times, but the product was 
still ohy, and the base recovered from the salt optically inactive. 
The prepared by dissolving the 

base in an equivalent quantity of the acid in alcoholic solution, was 
also oily ; it is readily soluble in ether, sparingly so in alcohol, and 
almost insoluble in water. After fractional precipitation of an 
acetone solution by addition of water, the salt still resisted crystal- 
lisation, and the base recovered from it was optically inactive. The 
d'txirtTdte was an amorphous solid almost insoluble in the usual 
solvents, with the exception of alcohol; fractional precipitation 
of an alcoholic solution by addition of petroleum produced no change 
in the properties of the salt and the recovered base was optically 
inactive. 

prepared in the usual manner from 
triphenylstannio iodide and w-butyl magnesium bromide, crystallises 
readily from hot alcohol in colourless needles, m. p. 61 62°, b. p. 
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222°/3 mm. (Found : Sn, 28*9; 29*7. C 22 H 24 Sn requires Sn, 29*3%), 
and is readily soluble in petroleum, ethyl acetate, and benzene. 
Boiling with hydrochloric acid for a few seconds converts this 
compoxmd into pJienyl-n-btitylstannic chloride^ crystallising from 
light petroleum (b. p. 40 — 60°) in colourless prisms, m. p. 50° 
(Pound; C, 37*12; H, 4*39; Cl, 21*4. CioHi^SnClg requires C, 
37*0; H,4*32; 01,21*9%). 

Diphenylbenzyl - n - butylstannane, — Triphenylbenzylstannane (1 
mol.) in chloroform was treated with iodine (1 mol.), and after com- 
pletion of the reaction, the solvent and iodobenzene were removed 
by distillation under reduced pressure. To the oily iodide produced 
in this manner was added an ethereal solution of n-butyl magnesium 
bromide (1^ mols.); the product was worked up as usual and a 
colourless oil isolated, b. p. 215°/2 — 3 mm. (Found : Sn, 28*5, 28*3. 

requires Sn, 28*3%). This compound was also prepared 
by treatment of triphenylbutylstannane successively with iodine 
and benzyl magnesium chloride. 

PhenylbenzyUn-butylstannic Hydroxide, — Diphenylbenzylbutyl- 
stannane was treated with 1 mol. of iodine in chloroform solution, 
and the solvent evaporated. Distillation of the residue under 
reduced pressure yielded an iodide, b. p. 185 — 189°, which was 
clearly iodobenzene, and left an oil Tvhich w’as converted into a solid 
hydroxide by treatment with ammonia ; crystallisation twice from 
benzene and then twice from alcohol gave a product, m. p. 136 — 137° 
(not sharp) (Found : Sn, 33*0. Ci7H220Sn requires Sn, 33*0%), 
Although the chloride, bromide, and iodide of this base were oils, 
a crystalline fimride w^as precipitated by addition of an aqueous 
solution of neutral potassium fluoride to the base dissolved in 
alcohol and acetic acid; the product crystallised from alcohol in 
colourless needles, m. p. 218° (Found : C, 56*3; H, 5*9. CiyHsiSuF 
requires C, 56*3 ; H, 5*8%). 

The d-campTwraiilphoTmte of phenylbenzyl-7i-butylstannio hydr- 
oxide was formed both by dissolution of the base in an acetone 
solution of the acid and by double decomposition of the iodide with 
silver d-camphorsulphonate. The salt could not, however, be 
obtained solid even after fractional precipitation of an acetone 
solution with water; the d-o^-bromO’Tt’mrnpJi^rsulpJwnate and the 
d-cmriphorate were also persistently oily. The d-tartrate was an 
amorphous solid which did not melt at 260°, but melted under hot 
alcohol; it was dissolved in this solvent and allowed to separate 
again several times, and the alcoholic solution was then precipitated 
with aqueous potassium fluoride, but the fluoride so formed was 
optically inactive in alcoholic solution. 

Tribenzylethylstannane is decomposed by iodine with the eiimfe^ 
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ation of one of the benzyl groups (J., 1912, 101, 2663)* On the other 
hand, it was found that hydrochloric acid acts on this substance 
only with extreme slowness, and after an hour’s heating under reflux 
a solid product was obtained which proved to be tribenzylstannic 
chloride, 

DibenzyUthyl-n-butylstanfiane, prepared from tribenzylethyl- 
stannane in an exactly similar manner to the preparation of diphenyl- 
benzyl-w-butyl- from triphenylbenzyl-stannane, is a colourless oU, 
b. p. 196 — ^200®/3 — 5 mm. (Found: C, 61'6; H, 7*6. CggHgaSn 
requires C, 62*0 ; H, 7*3%). 

Salts of Benzylethyl-xi-butylstannic Hydroxide. — ^Treatment of 
dibenzylethyl-7i-butylstannane with 1 mol. of iodine gave an oily 
iodide which was dissolved in alcohol and treated with one equivalent 
of silver rf-camphorsulphonate in water; the silver iodide was 
removed by filtration and the filtrate evaporated, but the resulting 
oil could not be crystallised. Similar results were obtained by 
using silver ti-a-bromo-jr-camphorsulphonate. 

TJnivebsity Chbmicai. Labobatoby, 

Cambbidoe. [Received^ July 1928.] 


CCCXIII . — NapMhylene 1 : S-DisulpMde. 

By William Bennett Price and Samuel Sivoles. 


The experiments which have been made on the formation of sulphur 
ring systems (J., 1922, 121, 87; 1926, 1821, 2266; 1927, 534; 
this voL, pp. 697, 1142) have now been extended to the inclusion of 
the peri’System of naphthalene in five- and six-membered dithio- 
ring systems. 

l-lTaphthylamine-8-sulphonic acid was found to be the most 
convenient source of the required 1 : 8-dithiolnaphthalene. When 
naphthalene- 1 : 8-diazosulphonate was treated with sulphurous acid 
in presence of copper the 1 : S-svlphinO’Sulphonic acid was obtained, 
and reduction of this acid in aqueous solution with sulphurous acid 
and dilute hydriodic acid gave a good yield of the corresponding 
disulpMde-disulpJionic acid (I). 

CHPh 



Treatment of the chloride of this acid in the usual way gave 1 : V-di- 
thiodhiapMJialene-S : S'-disulphmic acid (II), which finally was 
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reduced to the required 1 : ^-ditMolmphthahne, This unstable 
mercaptan on exposure to air or in solution with mild oxidising 
agents yielded the orange disulphide (III), whilst the simultaneous 
formation of complex polysulphides was not observed. The ease 
with which this cyclic system is formed at the 5 }en-position of 
naphthalene accords with the existence of the corresponding sultone 
and sultan, and also with the stability of o-dithiobenzoyl and of 
diphenyl 2 : 2'-disulphide and -disulphoxide. A further resemblance 
between the behaviour of 2 : 2"-dithioldiphenyl and that of 1:8- 
dithiolnaphthalene is found in the action of the latter with aldehydes, 
which furnish the six-membered system in the mercaptals (IV). 
The residts of these experiments amplify the evidence now available 
from numerous sources of the stability of five- and six-membered 
dithio-ring systems. 


Experimental. 

l-Sulphinomphthalene-^-sulphonic Acid. — A. mixture of water 
(250 c.c.) and the diazosulphonate prepared from 50 g. of 1-naphthyl- 
amine-8-sulphonic acid was saturated with sulphur dioxide. After 
treatment with copper powder in the usual manner, the liquid was 
warmed and passed through a filter (2 g. of charcoal). When the 
clear liquid was saturated with salt, the sodium salt of the required 
sxdphonic acid separated. A sample was purified from hot water 
(Eound : S, 22*3. CioH^O^SgNa requires S, 21^77%). 

1 : l'-Dithiodinaphthaiene-& : S'~disulphonicAcid (I). — ^An aqueous 
solution (400 c.c.) of the mono-sodium salt obtained from the fore- 
going process, containing hydrogen iodide (3 or 4 drops, d 1-7), was 
kept at 95 — 100® for 3 hours and treated with a slow current of 
sulphur dioxide. After the clear liquid had been concentrated and 
cooled, the sodium salt of the required acid separated in fiocculent 
aggregates, and was purified from hot water (Found : Na, 9-0. 
GgoHiaOeS^Na^ requires Na, 8*8%). 

1 : V-Dithiodinaphthalene-S : W -disulphinic Acid (II). — ^The dried 
sodium sulphonate thus obtained was triturated (10 g.) with phos- 
phorus pentachloride (20 g.). The mixture was kept for 6 hours, 
the crude sulphonic chloride being then isolated in the usual manner. 
The use of larger quantities of material and higher temperatures 
gave less favourable results. The crude acid chloride was treated 
for 10 minutes with a boiling aqueous solution of an equal weight of 
sodium sulphite. When the cooled and clear solution (charcoal) 
was mixed with sulphuric acid, the required svlphinic acid separated 
in needles, which when purified from alcohol had m. p. 144® (Found : 
C, 53-7 ; H, 3-0. requires C, 53*8 ; H, 3-1%). ' ^ 

1 : 8-Dithiolmphthalem . — Zinc dust (4*6 g.) was gradually 
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to the warm mixture of the sulphinic acid (1 g.) with alcohol (16 c.c.) 
and concentrated hydrochloric acid (15 c.c.). After the reaction 
had been maintained for 2 hours, the required mercaptan separated 
from the cooled liquid in colourless plates; these had m. p. 113 — 
114® and were readily soluble in common organic solvents, but 
attempts further to purify the substance were abandoned owing to 
the ease with which it is converted into the disulphide. The 
substance was characterised as the dimethylthiol which was obtained 
by treatment with methyl sulphate in presence of aqueous alkali. 
1 : &-DimethyUithiolmphthilene formed colourless plates, m. p. 84°, 
from acetic acid (Found : C, 65-3 ; H, 6-5. CigHjoSa requires 0, 
66-4; H,54%). 

When alcoholic solutions of the dithiol and nickel acetate are 
mixed, a characteristic nickel derivative is precipitated in the 
crystalline state. This brownish-purple substance (Found : Ni, 
23-6. CioHgSgNi requires Ni, 23*7%) is slightly soluble in chloro- 
form ; it appears to contain the co-ordinated metal but its constitu- 
tion has not been examined. 

2-PhenyUpen-mpMha-l : ^-dithiane (IV). — 1 : 1'-Dithiodinaphth- 
alene-8 : 8'-disulphinic acid was reduced with zinc dust and alcohol 
into which dry hydrogen chloride was passed. When reduction 
was complete, the requisite amount of benzaldehyde was added to 
the solution, which was then saturated with hydrogen chloride. 
After being kept for 12 hours, the solution was mixed with water 
and the required material then separated in the crystalline state. 
It was purified from aqueous alcohol and formed nee^es, m. p. 116° 
(Found: 0,73-1; H, 4-7. requires C, 72-85; H,4*3%). 

Naphthylene 1 : 8-Disulphide (III). — ^This is readily obtained by 
spontaneous oxidation of the dithiol in presence of atmospheric 
oxygen. It was prepared by passing air through a solution of the 
dithiol in ammonia. The precipitated material was purified from 
alcohol and formed orange plates, m. p. 116° (Found: 0, 62-8; 
H, 4-3 ; M, 191. requires C, 63d ; H, 3-1% ; M, 190). In 

the preparation of this disulphide, the use of ferric chloride should 
be avoided owing to the formation of complex iron derivatives of the 
mercaptan which contaminate the product. Oxidation of the 
disulphide readily ensues in presence of hydrogen peroxide in acetic 
acid; a study of the process has shown that it proceeds beyond 
the thiolsulphonate and that successive oxidation products are 
generally formed simultaneously. The separation of these was not 
satisfactorily accomplished with the amount of material available. 

Kino’s Collboe, London. [Received , July 1928.] 
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CCCXIV . — Certain Aryl Arsenoxides and the Corre- 
spending Dichloro- and Di-iodo-arsines. 

By George Newbery and Montague Alexandra Phillips. 

In the course of chemo-therapeutic studies proceeding in these 
laboratories, a number of dichloro- and di-iodo-arsines and the 
corresponding arsenoxides were prepared, and some of their chemical 
properties are now recorded. Some phenyl-arsine derivatives, 
prepared for comparison, are also described. 

In general, the dihalogeno-arsines are hydrolysed by water to give 
the corresponding arsenoxides, and can be regenerated by the action 
of the halogen acid. The hydrolysis is obvious in cases such as those 
of 3 : 6-dia>cetamido-2‘ and A-hydroxypMnyMichloroarsines, where the 
product of hydrolysis is insoluble in the concentration of mineral 
acid simultaneously formed (compare the dicyano-arsines, Grisch- 
kievitsch-Trochimovski, Mateyak, and Zablotski, BtdL Soe. chim., 
1927, 41, 1323), The amino-di-iodoarsine hydriodides are much 
less soluble in water than the corresponding chloro-derivatives, 
from which they can readily be made by addition of hydriodic acid 
or potassium io^de in aqueous solution. In general, the attachment 
of the iodine atom to the arsenic atom appears to be jSrmer than that 
of the chlorine atom in the corresponding chloro-compound ; this 
stability extends to concentrated nitric acid, and in one case, viz,^ 
3 : 5^iamino-4:‘hyiro3syphenyldi4odaaraine dihydriodide, even to 
6iV-sodium hydroxide solution. The di-iodo-arsines are deep 
yellow, crystalline compounds, whereas the pure chloro-compounds 
are white. 

It is noteworthy that 3 : 5-dia4^etamido-^4iydroxyphe7iylarsemxide, 
made either by hydrolysis of the dichloro-arsine or by acetylation 
of S-ami7io-6-acetamidaA’hydroxyp}ienylaTse7ioxide, appears to exist 
only as the arsinous acid, which does not lose water at 100°. In 
this way it differs from the arsenoxide hydrates ” of Lewis and 
C5heetham (J, Amer, Chem, Soc., 1921, 43, 2119) and from 3 ; &-diaceU 
amido~2-hydroQGyphenylarsenoxide, although it resembles the latter 
in its ready solubility in ammonium hydroxide and sodium carbonate 
solutions (compare also benzarsenious acid, La Coste, Annahn, 1881, 
208, 14). 

Attention must also be directed to a curious property of 3-amiw- 
5-ac€icmido-2- and A-hydroxyphenylar$enoxide hydrochlorides and 
hydriodides. These four compound will only dissolve in water 
after standing for a few seconds, and it is possible that they may 
actually be the free bases corresponding to chloro-hydroxy^arsine# 
of the type CeH 2 (NIl 2 )(OH)(ItHAc)'As{OH)C!l, hydrolysed by 
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to give OgH 2 (NH 2 ,HCl)(OH)(NHAc)-AsO. Addition of hydrochloric 
acid to the alkaline solutions until they are acid to Congo-red 
precipitates the original compounds with their characteristic delayed 
solubility in water. 

In attempts to prepare compounds of the type As(OH)ClR by the 
action of methyl-alcoholic hydrogen chloride on the correspond- 
ing arsenoxide, metlwxy-Z‘(LcetamidoA-hyiToxy^ and -^-acetamido- 
2-hydroxy-phenylchloroarsines were obtained. These compounds 
gave the corresponding arsenoxides on treatment with water. 

Experimental. 

Z-Nitro-6-acetamido~2-hydroxyphenylarsinic Acid. — ^This compound 
was obtained by dissolving 100 g. of 5-acetamido-2-hydroxyphenyl- 
arsinic acid (Newbery and Phillips, this vol., p. 116) in sulphuric 
acid (300 c.c.) at 20°, nitrating it at 10 — ^20° with a mixture of nitric 
acid {d 1*420 ; 35 c.c.) and sulphuric acid (35 c.c.), and pouring into 
ice water; the pure nitro-compound separated in 80% yield as 
yellow prisms, giving red solutions in caustic alkalis and alkali 
carbonates (Found : As, 23*5. C 8 H 9 O 7 N 2 AS requires As, 23*4%). 

B-Amino-5-(icetamido-4:- and •2-hydroxypJienylar$inic acids were 
obtained by reduction of the corresponding nitro-aoids (compare 
Jacobs, Heidelberger, and Rolf, J. Amer. Chem. 80c., 1918, 40, 
1580 ; 60% yield in each case), and purified by the method described 
by Christiansen {ibid., 1920, 42, 2403) for 3-amino.4-hydroxyphenyl. 
arsinic acid. The former consists of stout white prisms, readily 
soluble in dilute mineral acids, and in alkali hydroxides and 
carbonates (Found: As, 25*6; N, 9*3. CgHnOgNaAs requires 
As, 25*8; N, 9*7%), whilst the isomeric acid (Pound: As, 25-8; 
N, 9 - 6 %) is only soluble in excess of dilute mineral acids. 

3 : ^-Diacetainido-2-hydroxyphenylarsi7iic acid and 3 : 5 -diacet- 
ainido-4-hydroxyphenylarsinic acid, the latter of which has been 
described by Raiziss and Gavron (ibid., 1921, 43 , 584), were best 
made by the following method : 3-Nitro-5-acetamido-2- or -4-hydr- 
oxyphenylarsinic acid (30 g.) was dissolved in 2A^-sodium hydroxide, 
and sodium hyposulphite (54 g.) was slowly added at 10° with 
stirring. After 30 minutes, 10.y-sodium hydroxide was added, 
the solution filtered, and acetic anhydride (30 c.c.) run in. After 
1 hour the reaction mixture was acidified (Congo-red), and the 
precipitated arsinic acid purified through its alkaline solution. The 
yield varied from 10 to 15 g. in each case. The 2-hydroxy-aoid 
forms white needles, readily soluble in alkalis (Found : As, 22*6 ; 
N, 8*3, C^oH^OgUg^s requires As, 22-6 ; NT, 8 * 4 %), and its orienta- 
tion is shown by its convtoion into 2 : 4-diaminophenol (isolated as 
diacetyl derivative) by boiling with 6 parts of 15% hydrochloric acid. 
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The aminophenyldichloroarsines were prepared by sulphurous 
acid reduction of the arsinic acid in hydrochloric acid at room tem- 
perature, a trace of potassium iodide being present ; some acetamide- 
derivatives were made by addition of a warm solution of the corre- 
sponding arsinic acid in hydrochloric acid to a solution of sulphurous 
acid containing potassium iodide, and passage of sulphur dioxide at 
10® until reduction was complete. The dichloro-arsine was precipi- 
tated where necessary by addition of a suiBScient amount of con- 
centrated hydrochloric acid. The aminodi-iodoarsme hydriodides 
were similarly prepared by use of either an acidified solution of 
potassium iodide or hydriodic acid. 

S-Amirio-S’Cbcetamido-ii-hydroxyphenylarsine Derivcdives . — ^The 

dichloro-arsine hydrochloride, obtained in 60% yield by the general 
method, formed white prisms, soluble in dilute alkali hydroxide 
(Pound: As, 21*5; N,'8*0; Q, 30*5. CgHgOaN^ClgAsjHCl requires 
As, 21*6; N, 8*05; Cl, 30*6%). This hydrochloride (5 g.) was 
suspended in water (30 c.c.) and stirred for 30 minutes ; the resulting 
amorphous solid was collected, washed with water, and crystallised 
by addition of concentrated hydrochloric acid to the solution in 
sodium hydroxide until faintly acid to Congo-red (yield, 2*3 g.). 
^-Amino-Q-cu^tarnidoA-hydroxyphenylarserioxid-e hydrochloride thus 
obtained formed white prisms, soluble in water after a few seconds’ 
shaking, and readily soluble in dilute caustic alkalis (Found : As, 
25*6; N, 9-7; Cl, 12*2. CsHg 03 NoAs,HCl requires As, 26-6; 
N,9*6; a, 12*1%). 

The amorphous arsenoxide, obtained as described above from 
2 g. of dichloro-arsine hydrochloride, was collected, washed with 
water, and stirred into a mixture of hydriodic acid (d 1*7 ; 40 o.c.) 
and water (20 c.c.); the gum formed soon crystallised as prisms 
and was found to be pure 3-amino-6-acetamido-4-hydroxyphenyldi- 
iodoarsine hydriodide (Found: As, 11*9; N, 4-4; I, 61*9. 
CgB[ 902 N 2 l 2 As,HI requires As, 12-0; N, 4*5; I, 61*2%). This 
compound was also obtained by the general method ; its acetyl group 
is remarkably stable to hot mineral acids, and it readily dissolves 
in water to give a yellow solution which deposits crystals of the 
arsenoxide. i-AmiTW-S-a^tarrhidoA-hydroxyphenylarsenoxide hydr- 
iodide forms white prisms, soluble in water only after a few seconds* 
shaking (Found: As, 19*7; I, 32*6. OgHgOgNaASjHI requires 
As, 19-5; 1,33-0%). 

3 : 5-DiaminoA-hydroxypheivyIdichhroarsine dihydrochhride. The 
above dichloro-arsine hydrochloride (30 g.) was boiled for 16 minutes 
with 120 c.c. of 62V^-hydrochloric acid, and sufficient hot watmr to 
dissolve the solid was then added. Addition of an equal volurae.of 
concentrated hydrochloric acid to the hot filtered solution 
4 1 2 ' 
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cooling, a 50% yield of the required dihydrochloride as white plates, 
readily soluble in water (Found : As, 21-7 ; N, 8*1 ; Cl, 41»0. 
C6H70N2Cl2As,2HCl requires As, 21-9 ; N, 8-1 ; Cl, 41-5%)‘ 

To this ohloro-compoimd (5 g.) in water (50 c.c.), hydriodic acid 
(dhl; 30 c.c.) was added; the solid was collected, washed with 
alcohol and ether, and dried in a vacuum over caustic soda and 
calcium chloride, 3 : ^-diamiwA-liydroxypTimyldi-iodoarsine dihydr- 
iodide being thus obtained as yellow prisms, readily soluble in water 
(yield, 7 g.) (Found: As, 10-7; I, 72-0. CeH702N’2l3As,2HI 
requires As, 10*1 ; I, 72*0%). 

Z-Amino-D-axiefamido-2‘hydroxyjpJienylarsine Derivatives . — ^The di- 
iodoarsine hydriodide was obtained by the general method as yellow, 
boat-shaped crystals (Found : As, 11*9 ; N, 4*6 ; I, 62*1%), soluble 
in water to give a yellow solution, which slowly deposits crystals 
of the oxide hydriodide. 

The araenoxide hydriodide forms white prisms, soluble in water 
only after shaking for a few seconds (Found : As, 19*6 ; I, 33*0%). 

3 : 6-Diacetamido-2- and A-hydroxyphenyldichloroarsines. — ^These 
were obtained by the general method, or by the action of alcoholic 
hydrogen chloride on the corresponding arsenoxide, as clusters of 
needles readily soluble in water, by which they were slowly hydro- 
lysed. They could not be obtained sufficiently pure for analysis. 

3 : S-Diacetamido-i-hydroxyphenylarsiTiom acid was obtained (1) 
by hydrolysis of the dichloro-arsine ; (2) by acetylation of 3-amino- 
5-acetamido-4-hydroxyphenyldichloroarsine hydrochloride as des- 
cribed under 5-acetamido-2-hydroxyphenylarsenoxide (see below) ; 
or {3) by acetylation of 3 : 5-diammo-4-hydroxyphenyldichloroarsiae 
dihydrochloride. It was purified by solution in caustic alkali and 
aci<^fication by hydrochloric acid (Congo-red), and consisted of 
white plates or needles, insoluble in water, dilute mineral acids, or 
sodium bicarbonate solution, but soluble in aqueous solutions of 
sodium hydroxide, sodium carbonate, or dilute ammonia (Found : 
As, 23*8; N, 8*9. CioHiaOglfgAs requires As, 23*7 ; N, 8*9%). 

3 : 6-DiacetainidO’‘2-hydroxyphenylarsenoxide, obtained by aqueous 
hydrolysis of the corresponding dichloro-arsine, is an amorphous, 
white solid with solubilities identical with the above arsenious acid. 
It was purified similarly, and dried at 100° (Found : As, 24*8 ; 
N, 9*4. CioHii 04N2 As requires As, 25*1 ; N, 9*4%). 

Derivatives of Z-AminoA-hydroxyphenylarsine. — ^The dichloro- 
arsine was obtained by the general method as a monohydrate. On 
treatment of its aqueous solution with excess of hydriodic acid, it 
gave the corresponding di-iodoarsine hydriodide, which was also 
obtained by the general method ; this formed yellow prisms, giving 
a yellow solution in water. The iodine attached to the arsenic atom 
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showed some resistance to the action of hot SiV-nitric acid, only 
one-third of the total iodine being removed (Found ; As, 13*5 ; 
I, removed by concentrated nitric acid, 68-0. CgHeONIaAs,!!! 
requires As, 13-3; I, 67-5%). 

The hydrolysis of the dichloro-arsine hydrochloride was accom- 
plished by dissolution in water (3 g. in 10 c.c.) ; the solution deposited 
the crude oxide hydrochloride, whilst the filtrate contained approxi- 
mately two-thirds of the total chlorine introduced. 

S-AcetcLMidO’4:’‘hydToxyphB7iyl(iT$Bnoxide. This compound was 
obtained by the methods since given in E.P. 254,186 and F.P. 
606,238, but is best obtained as follows : To 3-amino-4-hydroxy- 
phenyldichloroarsine (26 g.), dissolved in water (80 c.c.), acetic 
anhydride (37*5 c.c.) is added, followed at once by sodium acetate 
until the mixture no longer reacts acid to Congo-red. After acidi- 
fication (Congo-red) by 25% sulphuric acid, the crude acetyl 
derivative is collected and washed. The oxide , purified by acidi- 
fication of its solution in sodium hydroxide by 25% sulphuric acid, 
forms a tetrahydrate consisting of white prisms, which lose water 
at 100®. It is insoluble in water, sodium bicarbonate, or sodium 
carbonate solution, but soluble in excess of caustic alkalis and in 
large excess of ammonia (Found : H 2 O lost at 100®, 23-1. Calc. : 
HgO, 23-0. Found, in dried material : As, 30-9 ; N, 6*7. Calc. : 
As, 3M ; N, 5*8%). 

Derivatives of 5-AminO’-%^hydroxyphenylar$ine . — Sulphur dioxide 
was passed for 90 minutes through a solution of 20 g. of 5-amino- 
2-hydroxyphenylarsmic acid in water (60 c.c.) and hydrochloric acid 
(200 c.c.). The precipitated 5-ari^im-2-hydroxyphenyldichloro* 
arsine hydrochloride, purified by solution in water (80 c.c.) and 
reprecipitation by 160 c.c. of hydrochloric acid (yield, 15*6 g.), 
consisted of anhydrous, white prisms, soluble in four parts of water 
(Pound : As, 25-5 ; N, 4-8 ; Cl, 37-0. CeH60Na2As,HCl requires 
As, 25-7 ; N, 4-8; Cl, 36-8%); the basified solution is much more 
stable to aerial oadation than that of its isomeride. 

S-Amino-2-hydroxyphenylarsenoQside hydrochloride, white prisms 
soluble in water, was obtained by dissolving the above dichloroarsine 
hydrochloride (2 g.) in water (8 c.c.) and collecting the crystals 
which separated after some hours (Pound: As, 31-6; Cl, 16-L 
CgHfiOgNAsjHCl requires As, 31*9 ; Cl, 16*1%). 

5-Amino-2-hydroxyphenyldi-iodoarsine hydriodide, made by the 
general methods, consisted of yellow prisms, soluble in water to give 
a yellow solution (Found : As, 13*5; N, 2*7. I, removed by hot 
8if -nitric acid, 22*8 ; I, removed by concentrated nitric acid, 67*7. 
CeHeONIaAs,^ requires As, 13*3; N, 2*5; I, 67*5%). 

o-AminO’2-hydroxyphenylmsenoxide hydriodide was obtained ^ an 
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stout, white prisms, by shaking the above di-iodoarsine hydriodide 
(1 g.) with water (10 c.c.) ; it resembles its isomeride in properties 
and solubilities (Found : As, 22-7 ; I, 40’0. CgHgOgNASjHI 
requires As, 22-9; I, 38-9%). 

5’Acetumido~2-hydroxyphenylarse7ioxide was best prepared by 
dissolving the corresponding aminodichloroarsine hydrochloride 
(15 g.) in water (50 c.c.), cooling during addition of acetic anhydride 
(25 c.c,), and adding sodium acetate. The acetyl compound which 
separated was purified as in the case of its isomeride, and formed 
white anhydrous prisms having similar solubilities (Found ; As, 31*3 ; 
N, 5-7. CgHgOgNAs requires As, 31-1 ; N, 5-8%). 

d-AceiamidoA-hydroxy- and 5-Acetamido-2-hydroxy-phenyldichloro- 
arsines . — ^These derivatives were obtained by trituration of the 
correspondiug arsenoxide with excess of alcoholic hydrogen chloride. 
On spontaneous evaporation, crystals of the dichloro-arsine were 
obtained, which were purified by solution in alcohol and precipitation 
by ether. They formed white or pale yellow needles, soluble in 
cold alcohol and in cold water ; the latter hydrolysed them slowly 
to give the corresponding arsenoxide (Found, for S-acetamido- 
4:‘hydroxyphenyldichloroarsine : As, 25-1 ; N, 4-7 ; d, 24*1 ; for 
$-a^tamido-24iydToxypJimyldi€M^ As, 25*1; N, 4*8; 

d, 24*0. CgHgOgNdgAs requires As, 25*1 ; N, 4*76 ; d, 24*0%). 

Z-NitroA-JiydroxyS-aminophenyldi-iodoarsine hydriodide, made 
from the corresponding arsinic acid (compare Fourneau, Zoc. oit.) by 
the general method, consisted of yellow prisms, dissolving in water 
to give a yellow and in alkali carbonate or hydroxide to give red 
solutions (Found : As, 12*1 ; N, 5*0 ; I, 58*5. CgH503N2l2As 
requires As, 12*3 ; N, 4*6 ; I, 62*4%). On acetylation in alkahne 
solution, it gave S-nitroA-hydroxy’^d-acefamidop^nyloTsenoxide, an 
amorphous, white solid, insoluble in water and giving deep red 
solutions with caustic alkalis (Found : As, 26*8. C8H7O5N2AS 
requires As, 26*2%). 

3-AcetamidoA~hydroxy-‘ and 5’’Ace£cmidO’2’hydroxy-phenylinethoxy- 
cMoroarsines . — ^To the corresponding arsenoxide (4*8 g.), dissolved 
at room temperature in methyl alcohol (90 c.c.), 15% methyl- 
alcoholic hydrogen chloride (2*4 c.c.) was added, the solution kept 
for SO mins., and concentrated under reduced pressure to 10 c.c. ; 
the methoxychloro-compound then crystallised out (yield, 70% 
in each case). Z-AcekLmidoA-hydroxyphenylmetJwxycMoroarsine 
(Found: As, 26*8; N, 4*8; Cl, 12*2%) and ^‘a<^1xmido*2-hydT- 
oxyph^nyliin^hoa^clthrmTsi^ (Found : As, 25*7 ; N, 6-0 ; Cl, 12*2 ; 
MeO, 10*3. CgHiiOgNCLAs requires As, 25*7 ; N, 4*8 ; d, 12-2 ; 
MeO, 10*6%) each consisted of white prisms, readily converted by 
warm water into the corresponding arsenoxide. 



THE APPARENT HYDEATIOH OP lOKS. PART H. 


2381 


Z-AutamidoA-hydroxy^he^^ — mixture of 3 : S'-diamino- 
4 : 4'-diliydroxyarse]iobenzene (5 g.) and zinc dust (16 g.) was added 
to concentrated hydrochloric acid (70 c.c.) and water (50 c.c.) at 
90 — 100® ; after cooling, the clear supernatant liquid was filtered 
into a solution of sodium acetate (20 g.) in water (20 c.c.) containing 
acetic anhydride (15 c.c.) in suspension. On shaking, Z-acetamido~ 
4:-hydroxy'phenylar8ine separated in 90% yield (Found; As, 33*0; 
N, 6*3. requires As, 33-0 ; N, 6-2%) ; it formed white 

plates, insoluble in water but soluble in excess of caustic alkalis. 

5‘Acetamido-2‘hydroxypJienylxir8ine, similarly prepared from the 
corresponding arsenobenzene, also forms white plates (Found : 
As, 32-8 ; N, 6*3%). Both arsines are readily oxidised by air to the 
corresponding arseno-compound. 

Beseauch Laboratobies, Messes. May & Baxee, Ltd., 

Wandsworth, S.W. 18. [Received, May 31si, 1928.] 


CCCXV, — The Apparent Hydration of Ions. Part II. 
The Densities and Viscosities of some Mixed 
Aqueous Solutions of Lithium Chloride and 
Hydrochloric Acid. 

By JoHH Wir^UAM Ingham. 

The methods described in Part I {this vol., p. 1917) for the investig- 
ation of the hydration of potassium and sodium chlorides in con- 
centrated aqueous solutions containing hydrochloric acid have now 
been applied to certain mixed solutions of Hthium chloride and 
hydrochloric acid. The densities and viscosities at 25® have been 
determined for a series of solutions containing different proportions 
of the acid and the salt with approximately the same total solute 
concentration as a saturated solution of sodium chloride, such a 
concentration being chosen so that a direct comparison might be 
made of the behaviour of the two salts under similar conditions. 

The experimental work was carried out in the same way as for 
Part I, but, since the solutions were not saturated, they were made 
by mixing stock solutions of known concentration. The oppor- 
tunity was taken of further testing the Scarpa method for measuring 
the viscosities by carrying out determinations in an Ostwald tube 
upon the same solutions. The same viscometers were used as for 
Part I. The results confirmed the previous conclusions as to the 
accuracy of the Scarpa method. In Table I, col, 1 shows the 
densities calculated from the formula 

df = 0*997071f71F - 0*0012(F' - W)IW; 
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cols. 2 and 3 the coefficients of viscosity in c.g.s. units; cols. 4, 5, 
and 6 the concentrations (mols. /litre) of acid, salt, and water, 
respectively; and col. 7 the hydration numbers, x. The total 
solute concentrations varied between 6469 and 5402, that previously 
found for saturated sodium chloride solution at 25° being 64325. 


“ 4 a 

Tj (Scarpa). 

Table I. 

7 ) (Ostwald). HCl. 

LiCl. 

H 2 O. 

x. 

1-1176 

0-01951 

0-01944 

0 

5-407 

49-20 

2-49 

2-36 

1-81 

2-12 

1-91 

1-89 

1-72 

1-82 

1-80 

1-1147 

0-01849 

. 0-01839 

0-546 

4-913 

49-20 

1-1116 

0-01748 

0*01746 

1-001 

4-364 

49-20 

1-1087 

0-01667 

0-01664 

1-635 

3-799 

49-29 

l-lOoO 

0-01581 

0-01579 

2-176 

3-248 

49*29 

M019 

0-01509 

0-01508 

2-702 

2*708 

49-34 

1-0985 

0-01440 

0-01435 

3-246 

2-160 

49-32 

1-0957 

0-01384 

0-01384 

3-789 

1-635 

49-30 

1-0920 

0-01320 

0-01318 

4-330 

1-072 

49-34 

1-0893 

0-01267 

0-01263 

4-890 

0-540 

49*29 


Except in the case of the first two solutions, the agreement 
between the viscosities obtained by the difierent methods was good. 
The viscosity of the stock lithium chloride solution (5407 Jf) as 
found by the Scarpa method was in better agreement with Green’s 
data for that salt (J,, 1908, 93, 2023) than was the value given by 
the Ostwald method. Any errors in density determinations are 
reflected in the latter method and do not affect the Scarpa values. 

Discussion of Results. 

Densities and Solution Volumes . — It is found that, although the 
densities can be calculated by means of the formula =; jP + 
previously applied to the potassium chloride (or sodium 
chloride)-hydroehloric acid solutions, yet some adjustment of the 
constants is required. The solution volume of either the acid or the 
water is different, and if the value of K is retained at I '01275, the 
expression 

djr = 1-01275 + 0'01356 g + 0-01936 . . . (i) 

gives fair agreement for the calculated densities (see below). The 
corresponding solution volumes of the acid and the salt are 22-62 
and 22-80, and the lithium ions show only a small apparent volume 
in solution. The apparent density of the water in the solutions is 
then the same as in those containing sodium chloride or potassiun 
chloride. This result, in the light of Masson’s work (J., 1911, 99, 
1132), can only be regarded as conclusive if no other constants satisfy 
the expression. Examination of the data shows that the solution 
volumes of the lithium chloride and the acid are nearly equal. 
Assuming equality, and taking the value HCl = 22-43 as found in 
Part I, the values of the constants for the density expression may be 
deduced from this value together with that obtained for the water 
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from the equation uy + aa + = 1000, where a, p, and y are the 

molar solution volumes of acid, salt, and water, and a, 6, and w 
the molar concentrations per 1000 c.c. (Masson, loc. ciL). The mean 
value of y is 17*82 (a = p = 2243), and hence = 1*0110 ; 

and k^ are then calculated from k-^ = [M^ — acf^)/1000 and 
k^ = (Jfb — pd^)/1000, Jfa being the molecular weight of the acid, 
and ifb that of the salt, and it is found that = 0*0138 and 
*2 = 0*0197. The equation 

= 1*0110 + 0*0138a + 0*01976 . . . (ii) 

gives at least as good agreement as is obtained with the other values 
for the constants, as is shown by the following comparison. 


df (obs.) M176 M147 1*1116 M0S7 M060 

(calc.,i) M171 1*1160 M116 1*1082 1-1049 

(calc.,ii) 1*1176 1*1153 MllS 1*1084 1*1050 

df (obs.) 1*1019 1*0985 1*0957 1*0920 1*0893 

(calc., i) 1*1016 1*0984 1*0957 1*0921 1-0894 

(calc., ii) 1*1016 1-0984 1*0955 1-0919 1-0891 


It seems that this type of calculation is in the nature of a com- 
promise, involving an assumption of constant solution volumes for 
the series of solutions, which is probably not strictly justifiable. 
The variations in the solution volumes, as calculated from the 
different constants, are, however, not very great, and are unim- 
portant for the subsequent discussion of viscosities. The solution 
volumes may now conveniently be reviewed in tabular form and 
compared with values calculated from ionic radii. Calculations 
have been made in two ways : (1) The expression is used to 
obtain the ionic volume for the g.-ion, r being the radius as given by 
Wasastjerna {Soc, Sci. Femu Comm. Phys. Math,, 1923, 38, 1) and 
N the Avogai*o number. (2) It is assumed that the ionic volumes 
bear the same relationship to the solution volumes as does the 
bivalent oxygen atom (or ion) 0" to the water molecule, taken as 
18; the molar volumes are then obtained by summing the ionic 
volumes. Conversely, the experimental solution volumes of the 
salts and the acid may be divided into the respective ionic solution 
volumes, the hydrogen ion in the case of the acid having no 
appreciable volume. 

Ionic volumes. 



Li\ 


K-. 

cr. 

0" (HaO). 

r, in A.U 

0*72 

1*01 

1*30 

1*72 

1*32 

r*, „ 

0*373 

1*030 

2-197 

5*088 

2*300 

in C.C 

0*946 

2*616 

5*578 

12-92 

5*84 

fs X 18/2*300 

2*921 

8*063 

17*60 

39-83 

18-00 

^{foucnd} (i) 

0-18 

— 

— 

22-62 

— 

(ii) 

0*0 

— 

— 

22*43 

17*32 

(ifi) 



1*58 

12-26 

22*43 

17-795 

(iv) 

0*33 

— 


22*5$ 

17*795 
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The solution volumes found (^) are those obtained according to 
the values adopted for the constants in the density calculations ; 
thus (i) and (ii) are based on the values used in equations (i) and (ii) 
respectively, (iii) is based on the values used in Part I, and (iv) on 
the values Z = 1-01275, = 0*0136, k^. = 0*0192. 


Molar volumes. 


6 (found) (ii) 

(iii) 

HQ. 

22-43 

LiCL 

22-43 

NaCl. 

KCI. 

HaO. 

17*82 

22*43 

— 

24-00 

34*66 

17-795 

(iv) 

22-58 

22-91 

— 

— 

17-795 


12-921 

13-87 

15*54 

18-60 

5-84(0") 

^ for solids 

— 

20-64 

26-96 

37-44 

— 


The values for the solids are derived from density data due to 
Baxter {Amer, Chem, J., 1904, 31, 558). Green {loo. ciL) obtained 
values for the solution volume of lithium chloride ranging from 
17*53 to 20*94 according to the concentrations, the values in con- 
centrated solution being in close agreement with Baxter’s figure 
for the solid. Since Green’s calculations involve the use of the 
density of pure water, no change in this value being allowed for in 
the concentrated solutions, it need not necessarily be concluded that 
the actual solution volume is the same as the solid volume. On the 
other hand, it is diSScult to see why the solution volume obtained 
by the author (22*43) is higher than that of the solid — ^in the case of 
sodium and potassium chlorides the solution volumes are less than 
the solid volumes. The table shows also that the voliunes deduced 
from the lattice radii are considerably less than the apparent 
solution volumes. 

Viscosities , — ^The empirical method of calculating the degree of 
hydration of ions, as used in Part I, has been applied to the results 
for lithium chloride and leads to values which are comparable with 
those obtained for potassium and sodium. As expected, lithium 
chloride is more highly hydrated and the generally accepted series 
relationship Li* > Na* > K* is indicated. The fall in viscosity which 
occurs when hydrochloric acid replaces lithium chloride is accounted 
for by assuming that the lithium ions are hydrated, whilst the 
hydrogen and chlorine ions are not solvated to any marked extent. 
Changes of viscosity due to changes of chlorine-ion concentration are 
expressed by the equation X 2-6^, where ^ is 

the volume of ions added to or removed from 1 c.c. of solution, and 
is given by ^ — C^) X 22*43/1000. The volume 22*43 is that 

of the chlorine ion in solution. If the hydrogen ions have no 
specific effect, as appears to be the case for solutions of pure acid, 
then on comparing a solution of hydrochloric acid with one of lithium 
chloride of equal chlorine-ion concentration, complete dissociation 
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being assumed, any difference in viscosity may be attributed to the 
solvated lithium ions. It is further assumed that their effect is 
proportional to their volume, as with the chlorine ions, and the 
volume of hydrated lithium ions is calculated from the above 
equation. The <f> value so obtained is divided by the concentration 
of lithium chloride in solution, and this gives the effective volume 
of 1 g.-ion of .lithium ions, from which the volume of water accom- 
panying the 1 g.-ion is deduced. From the following data, viz,, 
C = 5407, '/j(LiCl) = 0-01951, tjCEQ) == 0-01220 (from Green’s data), 
^ = 0-1829 c.c. (or 182-9 c.c. per litre), one obtains in this way 
33-82 c.c. per g.-ion of lithium, corresponding to a hydration with 
practically the same amount of water, since the lithium ion has an 
almost negligible solution volume ; thus x, the hydration number, 
is 1-88. This value is decidedly higher than that obtained for 
sodium ions {x = 1*44) in the same way and at practically the same 
concentration. 

A more trustworthy result is probably obtained by calculating the 
hydration numbers for each successive pair of solutions in the series 
of salt and acid mixtures. The values so obtained are given in the 
last column of Table I. Any changes of chlorine-ion concentration 
are allowed for in making the calculations. 

The above methods of calculating the degrees of hydration can 
only be regarded as trustworthy if it is shown that viscosity changes 
can be related to changes in the mean sizes of the molecules com- 
posing a liquid mixture. The original equation of Einstein 
7 ] = 73q( 1 2*5^) is not concerned with the actual size of the 
suspended particles, but deals with their total volume. Smolu- 
chowski’s extension of this equation (Kolloid-Z., 1916, 18 , 194), 
introducing a correction for the charge upon the suspended particle, 
involves the radius ; but in the present state of the knowledge of the 
applicability of this formula, it seems hardly possible to extend its 
use to the salt and acid solutions here considered. The problem 
may be approached from another point of view. Dunn {Trans. 
Waraday Soc.^ 1926, 22, 401) has developed a kinetic theory of 
viscosity of liquids, which, whilst it is primarily concerned with the 
effect of change of temperature, is of interest in that it deals with 
the attractive forces between the molecules and the factors governing 
the slipping between the planes. One of these factors is the pos- 
session by some of the molecules of a certain critical energy in virtue 
of which they are subject to negligible cohesion, and hence represent 

loose spots ” in the adjacent planes. It seems that the number 
of such molecules in a given liquid wiU depend partly upon the 
amount of free space. The question of the relation between 
space and viscosity has been iuTestigated by McLeod 



2386 


INGHA3f : 


19, 6), who suggested that for normal liquids viscosity should be 
inversely proportional to free space. It is of interest, therefore, to 
see how this bears upon the problem of the salt and acid solutions. 
It is essential to show that the variations of free space alone cannot 
account for the viscosity effects. 

The molar volumes obtained by calculation from the lattice radii 
are taken as the limiting volumes of the various species, and for a 


Fig. 1. 



Ooejflciera of viscosity (in c.g^s. unita)^ tj. 


given solution the free space is calculated from the molar concen- 
trations of salt, acid, and water 1000 — space occupied). Even 
if the resulting values are not numerically equal to the actual free 
space, they should be comparable amongst themselves. They are 
plotted against the viscosities in Kg. 1, the curve for hydrochloric 
acid being derived from Green’s data {loo. cit.). The curves are 
very similar to those obtained by plotting total solute concentration 
against viscosity (see Fig. 3, Part I). 
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If the free space alone governed the viscosity, the changes would 
be in the direction of lower viscosity for greater free space. As 
acid displaces salt in the sodium chloride-acid solutions, the free 
space increases at first and the viscosity falls. The rate of fall is, 
however, much more rapid than for corresponding free-space change 
in pure acid solutions. At a later stage in the mixed solutions, free 
space decreases with increase of total solute concentration, and the 
curve finally becomes identical with that for pure acid. 

The curve for the potassium chloride-acid mixtures shows that 
the free space at first increases whilst viscosity rises, and this is in 
accord with the idea that the latter effect is partly due to the 
substitution of larger water molecules for smaller potassium ions. 
The subsequent increase of viscosity may be more largely due to the 
decrease in free space. 

Lithium chloride solutions have much higher viscosities than 
potassium chloride solutions of equal free space. The total solute 
concentrations are, however, also higher in this case. 

When lithium chloride is compared with sodium chloride, it is 
seen that whilst the viscosities are comparable for solutions of 
approximately the same total concentration and the same relative 
amounts of salt and acid, yet those containing lithium chloride have 
more free space. The effect of the greater free space has been more 
than counterbalanced by the presence of the more highly hydrated 
lithium ions. 

Summary avd Conclusions. 

1. Densities and viscosities have been determined at 26® for a 
series of concentrated mixed aqueous solutions of lithium chloride 
and hydrochloric acid. The methods of Scarpa and Ostwald for 
measuring viscosities have been again compared and found to agree. 

2. Formulae of the type K can be used to 

calculate the densities with fair accuracy. The assumption of the 
strict constancy of the molar solution volumes is not, however, 
justifiable. The packing of the ions amongst the water molecules 
may be supposed to involve a reduction of the free space depending 
upon the numbers and sizes of the various ions. The apparent 
volume of the water in solution may therefore vary from one 
solution to another. 

3. The replacement of lithium chloride by hydrochloric acid 

results in a fall in viscosity which is interpreted as being due to the 
higher hydration of the lithium ions than of the hydrogen ions. 
Hydration numbers are calculated which indicate (i) a greater 
degree of hydration for Kthium than sodium under similar con- 
ditions, (ii) a fall in the degree of hydration as the proportion oi add 
in the solution increases, ’ 
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4- The influence of “ free space ” upon the viscosities in mixed 
solutions of lithiumj sodium, or potassium chloride and hydrochloric 
acid is discussed. 

The author wishes to record his thanks to Professor A. A. Boon 
for his kind interest and encouragement during these researches. 

Hebtot-Watt Coixeqb, 

Edinbttboe. [Received^ July 1928.] 


CCCXVI . — The Reduction of Selenious Acid. 

By Leslie Maeshall Claek. 

It has long been known that when selenious acid is reduced in the 
presence of copper or other heavy metals, the precipitate obtained 
does not consist of selenium alone but contains in addition some 
metallic compound of selenium (compare Keller, /. Amer. Chem. 
Soc., 1897, 19, 773). This point has been particularly exemplified 
by examination of the solutions obtained after estimation of nitrogen 
by the Kjeldahl method in certain organic selenium compounds, 
copper having been added in the sulphuric acid-potassium sulphate 
treatment as usual to aid the destruction of the organic material. 
It was found if the alkaline solutions remaining after the distillation 
of ammonia were made very slightly acid with hydrochloric acid 
and reduced with sulphurous acid, a black precipitate was obtained 
which had the composition of cuprous selenide. Moreover, it is 
of interest that in all cases a very considerable loss of selenium had 
occurred during the destruction of the organic matter. 

The reaction has now been further examined by reducing selenious 
acid by sulphurous acid in solutions containing copper sulphate and 
hydrochloric acid. The precipitate obtained varies from pure 
selenium, in solutions containing much hydrochloric acid, to cuprous 
selenide in dilute acid solutions, a mixture of the element and salt 
being formed intermediately (see table, p. 2391). The hydrochloric 
acid concentration is evidently the factor determining the com- 
position of the precipitate (Expt. A). As a possible explanation 
of this phenomenon the following has to be considered. Selenious 
acid may be reduced by sulphurous acid with intermediate form- 
ation of hydrogen selenide, which reacts with a further amount of 
unchanged selenious acid to give selenium : 

2H2Se + SeOg = 2 H 2 O + 3Se . , . . (1) 

In the presence of cuprous ions, the hydrogen selenide will form 
cuprous selenide, but the amount of this compound formed will 
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depend on the hydrogen-ion concentration of the solution. This 
is largely determined by the hydrochloric acid concentration, which 
will also affect the rate of the reaction (1), increase of acid favouring 
the separation of selenium. The suggested intermediate reaction 
has been found to take place, for when hydrogen selenide is passed 
into an aqueous solution containing selenious acid, selenium is 
precipitated in the amount required by equation (1) (Expt. D). 
The mechanism which has been suggested above for the reduction 
of selenious acid may therefore be the correct one, but the experi- 
ment on the reaction between selenious acid and hydrogen selenide 
is not crucial, for the following reason. When finely ground 
metallic selenium is kept in contact with a hot solution of sulphurous 
acid containing copper sulphate, the selenium increases in weight 
owing to the formation of cuprous selenide (Expt. B). It has not 
been found possible to achieve complete conversion of the element 
into cuprous selenide, presumably owing to the arrest of further 
chemical action by the formation of a coating of selenide on the 
individual grains of selenium. 

There is thus a secondary reaction between selenium, sulphurous 
acid, and copper sulphate in which cuprous selenide can be formed, 
and this makes it unnecessary to postulate the intermediate form- 
ation of hydrogen selenide when selenious acid is reduced. The 
fact that complete conversion of selenium into cuprous selenide 
cannot be brought about in Expt. B, whereas the theoretical amount 
of cuprous selenide can be obtained in the reduction of selenious 
acid when the proper hydrochloric acid concentration is present 
(see table), cannot be used as an argument against the hj^othesis 
of this secondary reaction, for the red modification formed by the 
reduction of selenious acid possesses a higher degree of chemical 
reactivity than the metallic selenium powder used in Expt. B and 
is, moreover, in a much more finely divided condition, 

Reinsch (Fresenius, “ Qualitative Chemical Analysis,” 10th Edtn., 
p- 118) observes that “ metallic copper when placed in a warm 
solution of selenious acid containing hydrochloric acid becomes 
immediately coated black ; if the solution remains long in contact 
with the copper it turns light red from the separation of selenium.” 
These results are explicable on the theory that selenious acid is 
reduced to selenium by the cuprous ions formed at the copper- 
hydrochloric acid interface, and that this selenium is further reduced 
by cuprous ions to give cuprous selenide, the dark coating referred 
to by Reinsch. These reactions may be represented by the equa- 
tions ’ 

SeOg “h 2Cu2CIg -4” 4B[C3. == Se -f- 4CuCl2 4" 2 H 2 O . 

Se + 2 OU 2 CI 2 = CugSe + 2CuCl2 , . . ■ .^.^0 
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The experiments on the formation of cuprous selenide already 
described suggested that the nature of the deposit produced on 
the copper would depend on the hydrochloric acid concentration. 
This was found to be the case (Expt, C), since when strips of copper 
are immersed in selenious acid solutions containing varying amounts 
of hydrochloric acid, the precipitate formed varies from pure 
selenium in high concentrations of acid to a black deposit of cuprous 
selenide adhering to the copper in low concentrations. The 
selenium formed in the most concentrated hydrochloric acid solution 
examined was slowly reduced to cuprous selenide, evidently by the 
cuprous chloride present. 

The facts described in this communication may therefore be 
explained as follows : when selenious acid is reduced by sulphurous 
acid, reduction to the element probably occurs without intermediate 
formation of hydrogen selenide. The selenium so formed can be 
further reduced to cuprous selenide should cuprous ions be present 
in the solution, but the extent to which this can take place is deter- 
mined by the hydrochloric acid concentration. It is probable 
that the hydrochloric acid affects the cuprous chloride concentration 
by formation of the known cuprous chloride-hydrochloric acid 
complex. 

Evidently there is a close parallelism between these experiments 
and those described by Wardlaw and Pinkard (J., 1922, 121, 216), 
who found that, in the reaction between sulphur dioxide and 
cuprous chloride dissolved in hydrochloric acid, there is some definite 
concentration of acid above which cuprous chloride and sulphur 
dioxide react with the separation of sulphur only, an intermediate 
concentration of acid in which both sulphur and cuprous sulphide 
are precipitated, and a stage in which sulphide only is produced* 
These authors also showed that if the concentration of hydro- 
chloric acid fell below 35 c.c. of concentrated acid to 215 c.c. of 
water, no reduction of sulphur dioxide by cuprous chloride took 
place. In the present case, however, reduction of selenious acid 
was found even when less than 1 c.c. of concentrated acid was present 
in 75 c.c. of water [Expt. C (1)]. 

It had been intended to obtain further tests of the theory now 
put forward (c.^., by studying the reduction of selenious acid by 
various concentrations of cuprous chloride), but the work has had to 
be abandoned. 

Experimental. 

ExpL A. — ^To a solution of sodium selenite (5-000 g.) in boiled, 
distilled water, 10 c.c. of concentrated hydrochloric acid were 
added, and the volume was made up to 500 c.c. ; 25 c.c. of this 
solution gave 0*1053 g, of selenium when reduced with sulphurous 
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acid in the presence of hydrochloric acid according to the usual 
method. Copper sulphate (1*25 g.) in water (75 c.c.) was added to 
each of a number of 26 c.c. portions of the selenite solution together 
with various amounts of hydrochloric acid ; 30 c.c. of freshly pre- 
pared, saturated aqueous solution of sulphur dioxide were then 
slowly poured into the hot mixture, which was kept gently boiling 
for J hour. Almost immediate precipitation occurred in each case, 
the colour of the precipitate with the higher concentrations of 
hydrochloric acid being reddish brown, changing to black . A further 
30 c.c. of sulphurous acid solution was added, and the mixture 
kept on the steam-bath for J hour longer. The precipitate was 
filtered on an asbestos mat in a Gooch crucible, well washed with 
sulphurous acid and water, dried in the steam oven, and weighed. 
(Moist cuprous selenide is quite stable to such a drj^ing process, 
since when 0*2778 g. of the pure compound was moistened with 
water and dried as described, the residue was unchanged in weight.) 
The results are shown in the following table : 


25 C.c. of the solution contain 0'1053 g. Se, equivalent to 
0-2740 g. CujSe. 


HCl added. 

Wt. of 

CugSe in 

HCl added, 

Wt. of 

Cu^Se in 

c.c. 

ppt., g. 

ppt., %. 

c.c. 

ppt., g. 

ppt., %. 

1 

0-2712 

99 

5 

0.1680 

61 

2 

0-2240 

86 

10 

0-1266 

27 

3 

0-2099 

81 

20 

0-1076 

3-6 

4 

0-1827 

69 

30 

0-1050 

0 


Expt, B . — Rmciion betwmi selenkm, copper sulphate, and sul- 
phurous acid. Finely powdered selenium (0*1500 g.) was gently 
boiled for J hour with copper sulphate (2*0 g.) in water (100 c.c.) 
to which hydrochloric acid (1 c.c.) and saturated sulphurous acid 
(30 c.c.) had been added, 3 c.c. of ethyl alcohol having been added 
before addition of the sulphurous acid, so that the solution could 
wet the selenium powder, which otherwise made a film on the 
surface. Another 30 c.c. of sulphurous acid were added, and the 
mixture was kept on the steam-bath for 1 hour. The residue 
after filtration and drying weighed 0*3054 g. (Calc, for complete 
conversion into CugSe, 0*3900 g.). A qualitative test showed that , 
the precipitate contained selenium and copper, but no sulphur. 

No change in the weight of another sample of selenium was 
observed when the above experiment was repeated without addition 
of sulphurous acid. 

Expt. C. — Reduction of selenious acid by cuprous chloride. 25 C.c. 
portions of a solution of 5*00 g. of sodium selenite in 260 c.c. of 
water containing 10 c.c. of hydrochloric acid were diluted with 60 c*c. 
of water, and vaiying amounts of hydrochloric acid were addf^ 
A piece of thin copper sheet (about 4 cm. square) was then 
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into each solution; reaction began almost immediately, but the 
delay was longest in the solution containing least hydrochloric 
acid : 

(1) No extra hydrochloric acid added. The copper was rapidly 
completely coated with a black film. 

(2) 1 C.c. of acid added. A black film was formed which flaked 
away after standing for some hours. After 24 hours some selenium 
was also being deposited. 

(3) 6 C.c. of acid added. A reddish-brown deposit was formed, 
which clearly contained some red selenium, as well as cuprous 
selenide. 

(4) 20 C.c. of acid added. Selenium was precipitated in a red 
cloud at the copper surface, but did not adhere thereto. After 
24 hours the precipitate had darkened in colour, and then contained 
copper, but the filtered solution contained no selenium, complete 
reduction having been effected. 

The formation of a mixture of red selenium and cuprous selenide 
described in Expts. C (2) and (3) would not be expected were the 
solution homogeneous. If the hydrochloric acid-cuprous chloride 
concentrations were such that selenium was partially reduced to 
cuprous selenide, then each particle of selenium would have a coating 
of the selenide and no red selenium would be distinguished. In the 
experiments in question, the results are ascribed to the presence of 
layers of solution which are not homogeneous in the vicinity of the 
copper plate. The hydrochloric acid and cuprous chloride contents 
of such layers will naturally vary with the distance of the layer 
from the metal and with time. The product of the reduction may 
then be non-homogeneous as described. 

Expt D . — Beaction between selenium dioxide and hydrogen ^ 
selenide. A carefully dried, round-bottomed flask containing 
aluminium selenide was fitted with a funnel incorporating a three- 
way tap in order that water or hydrogen might be admitted at will. 
A tube from this flask dipped below a solution of selenium dioxide 
in cold, dilute, oxygen-free hydrochloric acid contained in a conical 
flask, from which a tube passed to a trap containing cadmium 
acetate solution for removal of uncombined hydrogen selenide. 
Dry hydrogen was passed through the apparatus for an hour to 
remove air, the gas was cut off, and cold, boiled, distilled water was 
admitted to the aluminium alloy. When sufficient water had been 
added, a slow stream of hydrogen was started to sweep the evolved 
gas through the reaction flask and thence into the cadmium acetate 
trap. Inunediate reaction took place and selenium was deposited 
in the reaction flask. A rather colloidal precipitate of red selenium 
formed at first, but this slowly coagulated, leaving a clear aqueous 
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liquid in which flocculent masses of the element were suspended. 
After If hours, the selenium formed was rapidly filtered through a 
Gooch crucible, washed with water, dried, and weighed. 

The reaction flask initially contained 60 c.c. of water, 10 c.c. of 
concentrated hydrochloric acid, and selenium dioxide corresponding 
to 0*0696 g. of selenium, and at the conclusion of the experiment 
0*2168 g. of selenium was obtained from it. According to equation 
(1), selenious oxide corresponding to 0*0696 g. of selenium should 
react with hydrogen selenide to produce 0*2088 g. of the element. 
The error in other similar experiments was never greater than 4% 
and the agreement between the calculated and observed figures is 
sufficiently close to be accepted as confirmation of the equation. 

I wish to thank Mr. G. C. H. Jenkins for assistance in some of the 
experiments described in this communication. 

Nosthwich Rd., Weavebham, [Received, F^ruary 22nd, 1928.] 


CCCXVII . — The Formation of ^-Substituted 
Benziminazoles. 

By Montague Alexandra Phillips. 

It has been shown {Phillips, this vol., p. 172) that 2-methylbenz- 
iminazoles are readily formed by the action of boiling dilute hydro- 
chloric acid on mono- or di-acetyl-o-diamines and by the action of 
acetic anhydride and hydrochloric acid on o-phenylenediamines, 
and it was suggested that hydrolysis of the diacetyl to the mono- 
acetyl compound constituted a stage in the formation of the ring 
compound from the former. 

These reactions have now been extended to the formation of 
other 2-substituted benziminazoles, and it has been shown that 
o-phenylenediamine on condensation with formic, acetic, propionic, 
glycoUic, lactic, and mandelic acids in the presence of boiling 
dilute hydrochloric acid gives good yields of the corresponding 
cyclic compound. 

In view of the general nature of this reaction, it now seems 
possible, as an alternative to the above suggestion, that the 
mechanism of the formation of 2-substituted benziminazoles from 
mono- and di-acyl-o-diamines involves hydrolysis to the diamine 
with subsequent formation of the ring. Since traces of 4-nitro- 
o-phenylenediamine always seem to accompany 5-nitro-2-methyl- 
benziminazole in the formation of the latter compound from 4-nitro- 
diacetyl-b-phenylenediamine (compare Phillips, loc. cit) and^j^ 
amount of diamine seems to be greater if the heating is v 
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longed, it would seem that, in this case at least, the second view is 
the more correct. Experiments are contemplated which may decide 
between these two views. 

The reduction of o-nitroacetanUide by iron and dilute acetic acid 
(a method which is generally employed for the production of 
o-aminoacylanilides) gives benziminazole only. The effect of a 
y-eyanomethyl group in stabilising the o-aminoformamido-structure 
is shown by the reduction of 3-nitro-4-formamidobenzyl cyanide 
by this method (Maron, Kontorowitsch, and Bloch, Ber., 1914, 47, 
1377 ; D.E.-P. 283,448). 

3-Amino-4-formamidobenzyl cyanide, 3-amino-4-acetamidobenzyl 
cyanide, and 3-amino-4-Iactamidophenetole, which were shown by 
Maron and his co-workers [loc. cit ; Ber., 1914, 47, 718) to pass 
into the corresponding benziminazoles by prolonged treatment with 
formic or glacial acetic acid, readily give the same ring compounds 
by boiling with dilute hydrochloric acid. 3 : 4-Diformaniidobenzyl 
cyanide also gives the benziminazole readily by similar treatment. 

The condensation of o-phenylenediamine and oxalic, malonic, 
and succinic acids requires special notice. o-Phenylenediamine and 
oxalic acid in the presence of boiling dilute hydrochloric acid give 
a quantitative yield of 2 : Z~dihydroxyqmnoxaline, no benziminazole 
derivative being detected, whilst malonic acid and o-phenylene- 
diamine give a mixture of o-phenylenemalonamide (I) (compare 
Meyer and co-workers, Ammlen, 1906, 347, 17) and 2-aminomal(m- 
anilic acid (II), which readily passes into the heterocyclic compound 
on further treatment with boiling dilute mineral acid. No benz- 
iminazole-2-acetie acid was detected. 

06H,(NH2)2 + C%,(CO^)^ 

(I.) + C6Hi(NH2)-NH-CO-CH2-COaH <n.) 

2 : 3-Dihydroxyquinoxaline and o-phenylenemalonamide resemble 
each other in their insolubility in water and organic solvents, in 
their high melting points, and in the formation of very sparingly 
soluble monosodium salts. 

^om succinic acid and o-phenylenediamine (1 mol. of each) 
2 : 2'-diammosuccinanilide (III) and b6nziminazole-2-propionie acid 
(IV) were isolated, whilst with double the proportion of the diamine, 
ap-dibenziminazolylethane (V) and traces of benziminazole-2- 
propionic acid were found. a,8-Dibenziminazolylethane, originally 
obtained by Walther and von Pulawski (J. pr, Chem., 1899, 59, 
249) by the action of succinic anhydride on o-phenylenediamine at 
high temperatures, was also obtained from 2 ; 2'-diaminosuccinanilide 
by treatment with hot dilute hydrochloric acid and by condensation 
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of benziininazole-2-propionic acid and o-plienylenediamine in the 
presence of the same catalyst : 


-OeHtdlHaV 

(1 mol.) 

^Ha-COaH)^ 

(1 mol.) 


(HI.) 

_^9Hj,-CO*NH-C 6H4*NH2 boiling^ 


boiling 


CHj-CO-NH-CeHi-NHa-SF^JL ® 


C, 


ff4<g>C-CSH, 


I^CeH4<^>C-CH2-CH2-C02H 




(V.) 


A 2 


(IV.) 


The synthesis of 2-phenylbenziminazole by the above methods 
has not proved practicable, only traces of this compound having 
been isolated as picrate by treatment of o-aminobenzanilide and 
dibenzoyl-o-phenylenediamine with boiling dilute hydrochloric acid. 
The condensation of o-phenylenediamine with benzoic acid, benzoic 
anhydride, or benzoyl chloride in the presence of the above catalyst 
was also unsuccessful (compare, however, Walther and von Pulawski, 
loc. cit). 

That these reactions are not confined to the aromatic diamines 
is suggested by the ready conversion of aa'-diacetylethylenediamine 
into 2-methyl-4 : 5-dihydroglyoxaline by boiling with dilute hydro- 
chloric acid ; it is proposed to study the formation of glyoxalines 
from diacylethylenediamines by the above methods. 


Expeeimehtal, 

Condensation of o~PhenyUnediamine and Organic Acids in Presence 
of Boiling 43!i-Hydrochloric Acid, 

o-Phenylenediamine (0-02 moL), the requisite acid (0^03 mol.), 
and 20 c.c. of 4JV'-hydrochlorie acid were boiled for 30-~ 40 minutes 
under reflux. On neutralisation of the filtered solution with 
ammonia, the benziminazole separated. In no case except that 
of lactic acid was the benziminazole isolated readily when the 
condensation was attempted in the absence of the mineral acid. 

All the benziminazoles described in the following table are readily 
soluble in dilute mineral acids and in excess of dilute caustic alkalis. 
They wore recrystallised from water except where otherwise indicated. 


Acid. Benziminazole. 

Crystalline 

form. 

M. p. 

Yield, 

%. 

N.%. 

Fomid- Caic. 

Formic. Unsubstituted. 

Plates. 

170° 

60 

23*6 

23-7 

Acetic. 2-Methyl. 

Propionic. 2-Ethyl. 

Prisms. 

176 

60 

21-3 

21-2 

Prisms.* 

177 

70 

19-0 

19-1 

Glycollic. 2-Hydroxymethyl 

Plates.* 

171--172t 

65 

18*7 

18-9 

Lactic. 2-o-Hydxoxyethyl. 

Plates. 

178— 179t 

70 

17-3 

17-3 

Mandelic. 2-a-Hydroxybenzyl, 

Diamond 

202— 203t 

50 

12-4 

12-6 


elates.* 


Benzoic. 2-Phenyl. (Traces isolated as picrate, m. p. 2^^} 

* Recrystafiised from 60% alcohol. 

t Compare Bistrzyoki ana Przeworski, Ber,, 1912, 45, 3483, 
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Benziminazole was also obtained by reduction of o-nitroform- 
anilide, using the method described for the preparation of o-amino- 
acetanilide (Phillips, loc. cit) (Found : N, 23*5%), and by the action 
of boiling 4^-hvdrochloric acid on o-pJienylenedictmine monqformate 
(Found : N, 23-6%). 

3-Nitro-4-lactainidophenetole was obtained by warming a mixture 
of 5 g. of 4-Z-lactamidophenetole (kctophenin) and 10 c.c. of 16% 
nitric acid for 5 minutes at 40® ; the gum formed was poured into 
water (100 c.c.) and the resulting solid crystallised from 50% 
alcohol (4*5 g., yellow needles, m. p. 116®). The nitro-compound 
was reduced by iron and boiling dilute acetic acid as described 
previously; the amino-compound (yield 60%) crystallised from 
water in needles, m. p. 135 — 136° (compare Maron and Bloch, 
Ber., 1914, 47, 718). 6-Ethoxy-2-(a-hydroxyethyl)benziminazole 
was obtained in 50% yield by treating the above amino-compound 
(2 g.) with boiling 4^-hydrochloric acid (10 c.c.) for 30 minutes, 
with subsequent neutralisation. It forms white plates, m. p. 170 — 
171°, from water, and is readily soluble in dilute mineral acids and 
in excess of dilute caustic alkali (Found : N, 13*5. Calc, for 
C11H14O2N2: N, 13*6%). 

3-Nitro-4-formamidobenzyl cyanide was made by cautiously 
adding 4-formamidobenzyl cyanide to ten times its weight of nitric 
acid (d 1*5) at 5 — 6°, The nitration mixture on being poured on 
crushed ice deposited the nitro-compound, which was collected and 
washed within ten minutes to avoid hydrolysis of the formyl group ; 
it crystallised from 60% alcohol in yellow prisms, m. p. 151 — 152° 
(yield 86%). On reduction with iron and acetic acid (Phillips, 
loc. cit.), a 50% yield of 3-amino-4-formamidobenzyl cyanide was 
obtained ; white needles, m. p. 124°, from water (Foimd : N, 23*8. 
Calc, for C^HeONg: N, 24*0%). 

3 : ^-Diformamidobenzyl Cyanide. — 3-Amino-4-formamidobenzyl 
cyanide (1*5 g.) and formic acid (98%, 2 c.c.) were heated under 
reflux for 20 minutes. After removal of excess formic acid, the 
gum was dissolved in alcohol, and the filtered solution allowed to 
evaporate in a vacuum. The semi-solid mass left was crystallised 
from alcohol-ether, 3 : 4:-diformamidobenzyl cyanide being obtained 
as a hygroscopic, micro-crystalline solid, m. p. 92 — 95°, readily 
soluble in water, ethyl and methyl alcohols, and acetic and formic 
acids, but insoluble in ether or benzene (Pound : N, 20*5. Ci aILOoNo 
requires IT, 20*7%). 

Nitration of 4:~Acetamidobenzyl Cyanide. — This nitration was 
studied by Gabriel {Ber., 1882, 15, 836), who isolated only the 

3- iiitro-derivative ; the following method led to the production of 

4- acetaimdophenylacetamide in addition. 4- Acetamidobenzyl cyan- 
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ide (8 g.) was fed slowly into nitric acid {d 1-5, 50 c.c.) at 5 — 10°, 
and then poured on ice ; the gummy solid obtained was collected, 
dried at 50° (7 g.), and crystallised from 300 c.c. of 50% alcohol, 
3 g. of crude 4-aoetamidophenylacetamide, m, p. 212 — ^215°, being 
obtained ; further crystallisation gave the pure amide, m. p. 231° 
(compare Purgotti, Oazzetta, 1890, 20 , 599) (Foimd : IT, 14*8. 
Calc. : N, 14*6%). The mother-liquors on concentration to half 
bulk gave deep golden-yellow plates of the nitro-compound, m. p. 
112—113° (2 g.) (Found : N, 19-3. Calc. : N, 19-2%), slowly 
soluble in excess of dilute caustic alkalis to give an orange solution. 
3-Amino-4-acetamidoben2yl cyanide was obtained by reduction of 
the above nitro-compound by iron and boiling dilute acetic acid. 
It forms white needles from hot water, m. p. 140° (compare Maron, 
Kontorowitz, and Bloch, loc. eit) (Found : N, 224. Calc. : N, 
22 * 2 %). 

6‘Gyan(methylbenzimijiazole. — ^3-Amino-4-formamidobenzyl cyan- 
ide (1-5 g.) or 3 : 4-difonnamidobenzyl cyanide (1*5 g.) was boiled 
under reflux with 4W’-hydrochloric acid (10 c.c.) for 20 minutes. 
The crystals which separated on neutralisation and cooling were 
collected, washed, and crystallised from hot water. The yield was 
approximately 1-0 g. in either case (80%) ; 5-cyanomethylbenz- 
iminazole crystallises from hot water as anhydrous, diamond-shaped 
plates, m. p. 158 — 159° (compare Maron, Kontorowitz, and Bloch, 
he. cit) (Found : N, 26-8. Calc. : N, 26-7%). 

i-Cyanomethyh 2~methylbmzimiiiazole . — ^3 - Amino - 4 - acetamido- 
benzyl cyanide (3 g.) was refluxed for 20 — 30 minutes with 20 c.c. 
of 4^-hydrochloric acid; on neutralisation and cooling, 5-oyano- 
methyl-2-methylbenziminazole separated (yield 65%); it crystal- 
lises from hot water in prisms, m. p. 206° (compare Maron, Kontoro- 
witz, and Bloch, loc. cit), 

Condemation of o-Phenylenediamme and Dibasic Organic Acids in 
Presence of Boiling ASi-Hydrochhrio Acid. 

Oxalic acid. o-Phenylenediamine (5*5 g.), oxalic acid (dihydrate, 
6*5 g.), and 4^-hydrochlorio acid (30 c.c.) were heated to boiling, 
and a crystalline solid formed. Aiter 10 minutes^ further boiling, 
the reaction mixture was cooled and the solid, consisting of almost 
pure 2 : 3-dihydroxyquinoxaline, was collected, washed with water, 
and dried (yield, 8 g.) (Found: N, 174%), The sodium salt 
was obtained as white prisms, sparingly soluble in hot water 
(Found : N, 16-5; Na, 12-15. requires N, 15-2; Na, 

12-5%), and, on acidification with hydrochloric acid, it gave tire 
pure quinoxaline as white needles, insoluble in hot water 
ordinary solvents and not melting below 350° (Found ; Jf, 
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CgHgO^g requires N, 17*3%). That this compound is not the 
isomeric benziminazole-2-carboxylic acid is indicated by its weak 
acidity and by the sparing solubility of its sodium salt. Moreover, 
benziminazole-2-carboxylic acid has been obtained by oxidation 
of 2-methylbenziminazole (Bistrzycki and PrzeworsM, Zoc. cit). 
The analogous 2 : 3-dihydroxyquinoxaline-6-arsinic acid, made from 
3 : 4-diammophenyIarsinic acid by the above method, gives an 
arseno-compound which is insoluble in caustic alkali or alkali 
carbonate solutions, showing that this cannot be a benziminazole 
derivative (unpublished work). 

M(donic acid. o-Phenylenediamine (5 g.), malonic acid (5 g.), 
and 4iV’-hydrochloric acid (30 c.c.) were boiled under reflux for 30 
minutes. A white crystalline precipitate which had separated from 
the hot solution was collected after cooling (A); the filtrate on 
being made alkaline to litmus with 50% sodiiun hydroxide solution 
gave a crystalline precipitate (B). The solid A was further purified 
by means of its mono-sodium salt (compare dihydroxyquinoxaline, 
above), white, sparingly soluble cubes (Found : N, 14*5; Na, 11'4. 
CgH^OgN^Na requires N, 14-1 ; Na, 11*6%), and was proved to be 
o-phenylenemalonamide (Found : N, 16*9. Calc. : N, 16*9%), white 
prisms, m. p. over 300®, insoluble in boiling water and the ordinary 
solvents, resembling dihydroxyquinoxaline in these particulars. 
The solid B (1*5 g.) crystallised from boiling water as white prisms 
of 2-aminormlonanilic aoid^ m, p. 175 — 176® (Found : N, 14*4. 
C9H10O3N2 requires N, 14*4%), an amphoteric substance; when 
its solution in dilute hydrochloric acid is boiled for ^ hour, o-phenyl- 
enemalonamide is formed in quantitative yield. 

Sitccinic acid, (i) o-Phenylenediamine (8 g.), succinic acid (10 g.), 
and 4iV’-hydrochloric acid (60 c.c.) were boiled under reflux for 
40 minutes. On cooling, a crystalline solid (A) separated. The 
filtrate on basification with 50% sodium hydroxide gave an amorph- 
ous precipitate (B); the filtrate from this, on neutralisation to 
Congo-red with hydrochloric acid, gave a crystalline precipitate (C). 
The last precipitate (4'5 g.) was further crystallised from hot water 
and shown to be benziminazole-2-propionic acid, white prisms, m. p. 
224®, sparingly soluble in cold but readily soluble in boiling water, 
in dilute mineral acids, and in ammonia, sodium carbonate, etc. 
The solid A (9 g.) consisted of a mixture of succinic acid with the 
hydrochloride of the base B. The latter (2 g.) was found to be 
2 : 2'-diaminosuccinanilide (compare Meyer, AnnaUn, 1903, 327, 1), 
a white, amorphous solid, m. p. above 300®, insoluble in boili ng 
water and in the ordinary solvents ; its hydrochloride is sparingly 
soluble in cold water, from which it forms white, hexagonal plates 
(Foimd: N, 15*3; 01,19-1. Calc.: N, 15-1; 01,19*1%). 
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No trace of o-pheiiylenesuccinamide or of 2-aminosuccinanilic 
acid was detected. 

(ii) o-Phenylenediamine (4-2 g., 2 mols.) and succinic acid (2-3 g.,, 
1 mol.) were boiled for 1 hour with 4A^-hydrochloric acid (30 c.c.). 
The solid which was precipitated on cooling was collected and 
crystallised from hot water (A) ; the filtrate on neutralisation to 
litmus gave 0-5 g. of benziminazole-2-propionic acid. The solid A 
(1-5 g.) was shown to be ap-dibenziminazolylethane dihydrochloride 
(Found: N, 16-5; Cl, 20-9. Calc.: N, 16-7; Cl, 21-2%), white 
needles, sparingly soluble in water; this was also obtained by 
boiling for 1 hour under reflux a mixture of benziminazole-2- 
propionic acid (2 g.), o-phenylenediamine (1 g.), and 4A^-hydro- 
chloric acid (14 c.c.), and cooling (Found: N, 16-3; 01, 20-9%), 
or by treatment of 2 : 2'-diaminosuccinanilide with boiling 4A^ -hydro- 
chloric acid. The base is a white amorphous solid, m. p. above 
300°. 

2'‘Methyl-i : 5-dihydroglyoxali7te, — ^Diacetylethylenediamine, made 
by reduction of aminoacetonitrile hydrochloride (Fargher, J., 1920, 
117, 1351), followed by acetylation, was boiled for 30 minutes with 
five times its weight of 4A'-hydrochloric acid and gave a 55% 
yield of the above glyoxaline, m. p. 107° (Found : N, 33-0. Calc. : 
N, 33-3%). 

Research Laboratories, Messrs. May and Barer, Ltd., 

Wanbsworth, S.W, 18. [Heceived, JuTie IGth, 1928.] 


CCCXVIII . — The Influence of Intensive Drying on 
Inner Equilibria, Part III, 

By Andreas. Smits. 

The author’s theory of allotropy {CJiem, Weekblad, 1910, 7, 79, 155 ; 
Verd. Akad. WeiemchA}mterdam,\W},l%, 808; Z.'physikal.G'hem.^ 
1911, 76, 421) is based on a hypothesis consisting of two parts. 
The first part states that every phase, and therefore also every 
crystalline phase, of an aHotropic substance is a state which in 
certain circumstances can behave as a poly-component phase. 
The second part states that this behaviour must be attributed to 
complexity, Le., to the existence of difiPerent molecular species; 
when these are in inner equilibrium, however, the behaviour of the 
system is unary, i.e., it behaves as a one-component system. 

When this theory was published, it was pointed out that such a 
single substance would be e:q)ected to behave as a poly-component 
phase under two conditions, during rapid working or by use of a 

n^ative catalyst. 
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In 1912 (J., 101, 2339) H, B. Baker and Mrs. Baker showed that 
intensive drying had the effect of raising the boiling points of nitrogen 
trioxide and nitrogen tetroxide by 44° and 47° respectively. These 
results, which were unknown to me until 1921, seemed to indicate 
that in the moist liquid an inner equilibrium exists between different 
species of molecules (simple and complex molecules), and that 
either this inner equilibrium was fixed or the inner transformations 
were retarded by intensive drying. 

In these experiments it seemed therefore that we had a very 
distinct confirmation of the theory of allotropy, and that intensive 
drying was an excellent method of proving the complexity of a 
so-called single substance {Z, physikaL Chem,^ 1922, 100, 477). 
The results published by Baker (J., 1922, 121, 568), showing a great 
elevation of boiling point in ten liquids that had been intensively 
dried for several years, supplied a further confirmation of the theory, 
since several of these liquids were regarded as quite normal, single 
substances. This increase in boiling point might possibly have been 
ascribed to great superheating (rendered possible in some unknown 
way by intensive drying, see p. 2407), had not Baker found exactly 
parallel effects in the surface tension and vapour density, the latter 
being 2 — 3 times that found with moist liquids (this vol., p. 1051). 

These results seemed to point to an inner equilibrium between 
different species of molecules in the moist liquid, as postulated by 
the theory. To explain the behaviour of the intensively dried 
substances as a whole, the author assumed that intensive drying 
causes first a retardation of the velocity of the establishment of, 
and possibly also a displacement of, the inner equilibrium, and 
finally a fixation of it (“The Theory of AUotropy,*’ 1922, p. 310; 
J., 1924, 125, 1068). 

Although this hypothesis was very j^robable, it still lacked a 
direct proof. The author therefore studied the influence of intensive 
drying on the vapoiu* pressure. If the establishment of inner 
equilibrium is retarded, it will be manifested by a retarded change 
of the vapour pressure with temperature and by a temporary 
decrease of the vapour pressure after partial distillation. 

A displacement of the inner equihbrium, however, will be revealed 
by a change of the vapour pressure at constant temperature, whilst 
a fixation of the inner equilibrium, as the final state of the process 
of intensive drying, should enable us to separate completely the 
different molecular species of the so-called single substance, 

I wish to state emphatically that these studies can give us a proof 
of the explanation of the intensive drying which I have advanced. 
These considerations explain the behaviour of dried substances 
without making any special assumptions about the “ mechanism 
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of the action of the water molecules, as indeed every thermo- 
dynamical consideration does. A theory about that ‘‘ mechanism ’’ 
will undoubtedly be advanced before very long ; it will not displace 
the present theory, however, but will complete it. It is necessary to 
emphasise this point because it seems that some confusion still exists 
on the matter. 

(1) Discussion of Vapour ‘dmsity and Vapour-pressure 
Determinations, 

In an earlier paper we showed that intensively dried hexane in 
rapid evaporation behaved as a mixture, and we will shortly publish a 
detailed conjSrmation of this fact. Also, changes of vapour pressure 
at constant temperature, and without distillation, have been found 
in some cases, but even after several years’ drying these changes are 
relatively small. On the other hand, Baker’s experiments on the 
abnormally high vapour densities (Zoc. cit) seem to contradict these 
results. 

It was most unlikely that our carefully purified liquids, dried in 
either small or large apparatus for 2 — 5 years with a relative very 
large quantity of purest distilled phosphorus pentoxide, would be 
less completely dried than those of Baker ; and it was therefore 
probable that there was some simple explanation of this apparent 
contradiction. Sincestudies of “velocity” phenomena, such as rapid 
distillation and rapid heating, showed rather large effects, whilst 
“ equilibrium ” phenomena, such as the vapour pressure, revealed 
little or no effect, it was obvious that the anomaly would disappear 
if the properties studied by Baker were actually velocity phenomena. 

In reviewing Baker’s experiments, we will discuss first his deter- 
mination of the vapour density by the method of Victor Meyer, 
taking a simple example, such as nitrogen tetroxide; the P-x 
diagram of the pseudo-system at the temperature at which the 
experiment is carried out is given in Pig. 1 (see op, cit, p. 24, 
Pig. 32).* Supposing now that, if in inner equilibrium at the given 
temperature, the coexisting phases are L and 0, these phases will be 
present if the little bulb, used in Victor Meyer’s method, is filled with 
moist .nitrogen tetroxide. Purther, we will suppose that the 
horizontal line p^^, corresponds with a pressure of 1 atmosphere. 
If the bulb is broken, the liquid evaporates, but that evaporation is 
accompanied by a chemical transformation, namely, N 2 O 4 — > 2 N’ 02 , 
and the uhsaturated vapour formed is given by the point lying 
on the vapour curve QG^ of the unary figure, so that the composition 

* The only difference is that the teiuperatdre corresponding with 
isabove the critical temperature of the pseudo-component a. ' ^ 

4k 
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of the vapour formed is not Xj, but and it is to this composition 
that the vapour density found corresponds. 

If, however, the nitrogen tetroxide is so intensely dried that, 
although the inner equilibriuin is not yet fixed, the inner trans- 
formations are distinctly retarded, the result of the vapour-density 
determination will now be quite different. This time, when the 
little bulb is broken, the liquid will to some extent behave as a 
mixture. Let ns suppose, on the one hand, that the liquid behaves as 
a real mixture ; in this case the reaction N20^ — ^ 2ITO2 ^^"*dll not 
take place, and if all the liquid is evaporated, a gas phase will be 

formed, the composition of 
which is equal to the com- 
position of the liquid be- 
fore the bulb was broken. 
Consequently, the vapour 
density found will then 
correspond with the com- 
position Xi. On the other 
hand, it is now evident 
that, if the inner equili- 
brium is not yet fixed but 
the inner transformations 
are only retarded, the com- 
position of the gas phase, 
at the moment of the 
reading, will be given by a 
point between and 0 ^ \ 
consequently in this case 
the vapour density will 
show an abnormally high 
value, notwithstanding 
that the inner transform- 
ations are not yet stopped, 
but only retarded. If it had been possible to wait until the slow 
substance had reached inner equilibrium before the readings were 
taken, the ordinary vapour density would have been found, but in 
this method readings had to be taken quickly, so as to avoid errors 
due to the diffusion of the vapour into the air column. 

Hence, we see that vapour density, as determined by the Victor 
Meyer method, gives a value corresponding to a velocity phenomenon 
and that this method makes it possible to obtain large changes of the 
vapour density, since it enables us to find Urwpomry changes which 
disappear if one waits until inner equilibrium in the gas phase is 
established. Similar results would be obtained by Dumas’ method. 
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The vapour pressure of the same dried liquid, at constant temperature, 
however, is an equilibrium phenomenon, and is still completely 
unchanged. 

It is evident that the determination of the latent heat of vaporis- 
ation or condensation is the determination of the effect of a velocity 
phenomenon, and, indeed, it seems one of the best methods for finding 
.whether a retardation of the inner transformation has already 
occurred. Considering a T-x diagram for constant pressure, say 
1 atm. (Fig. 2 ; see also op. ciL, p. 27, upper part of Fig. 38), we see 
that in the pseudo-diagram the unary figure is given by the curves 
J&oi and OQ' and the 
horizontal line QL\ con- 
sequently L and Q are the 
coexisting liquid and gas 
phases at the boiling point. 

Suppose now that we 
determine the heat of con- 
densation, and the temper- 
ature of the calorimeter 
corresponds with the hori- 
zontal line tctc, we have to 
consider two oases. (1) If 
the substance behaves in 
a unary manner, the vapour 
phase Q will be transformed 
into the liquid phase i', 
lying on the curve and 
the heat of condensation 
therefore contains an 
exothermic heat of reaction 
corresponding with the 
change of composition from 
Xg to (2) If, however, 
the substance has become slow, by intensive drying, and therefore 
behaves to some extent as a mixture, the point representing the 
boiling liquid will move along the curve Lh and that of the vapoxir 
phase along the curve Ob in such a way that the coexisting phases 
always He on the same horizontal line — ^if the boiHng point is 
increased, for instance, from f to the coexisting phases are 
and 0^. Now it is evident that the condensation of the vapour phase 
0^ in the calorimeter will give rise to a smaller heat of condensation, 
since the composition of this vapour phase % is nearer to than is 
xq, so that, although the composition of the condensed vapours IkSli 
between Xg and the exothermal chemical reaction is smaller 


Fig. 2. 
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in the first case, in which the substance was assumed to behave in a 
unary manner. 

The following observations may be made on the enormous increase 
in the boiling points of intensively dried liquids observed by Baker. 
The apparatus contained two distilling flasks, each with two side 
tubes, and to one of these tubes was sealed the side piece of the 
other. In the determination of the boiling point, the liquid was 
distilled by heating the containing flask in an oil-bath, the other 
flask being cooled in water or in ice. When sufficient liquid had 
collected in the second flask, this was heated in the oil-bath while the 
first was cooled. That, after ten years’ drying, the inner equilibrium 
was not yet fixed and the liquid behaved, on evaporation, as a 
mixture, follows from a remarkable fact mentioned by Baker himself 
(J., 1922, 121, 568), namely, that when the condensed liquid from the 
distillation was again heated, it did not enter into a state of ebullition 
until the abnormally high temperature had been reached. Further, 
speaking of his result obtained with benzene, he says (Zoc. cit), 
“ The liquid boiled at 106® quite steadily. Some of the liquid was 
distilled from the apparatus into a distilling flask and left for a day 
exposed to moist air. Its bofling point was found to be 105°.” The 
boiling point of the distillate was consequently the same as that of 
the residue and was still unchanged after a day in contact with 
moist air. If the inner equilibrium had been fixed, a distillate with 
abnormally low boiling point would have been formed, whereas both 
experiments indicate that just the opposite occurred, thus proving 
that the inner transformations had been merely retarded, so that the 
liquid on distillation behaves as a mixture. But since the trans- 
formations are not stopped, the inner equilibrium will after some 
time be re-established in the distillate, which will then show the same 
behaviour as the initial liquid. The second experiment proves that, 
notwithstanding the contact with moist air, the liquid was still slow. 

The following experiment indicates the same thing. 

I wrote to Prof, Baker that I was very anxious to know what the 
vapour pressures of his dried liquids were, and he kiadly deteimined 

thatofdriedether,usingadriedbarometertubeof mercury, surroimded 

by a water jacket. On being admitted to the tube, the ether gave at 
20® a vapour pressure of 374 mm. Hg instead of 442 mm., but this 
value rose slowly. This also is completely in agreement with a slow 
establishment of the inner eq;uilibrium, which can be understood 
most easily by using a diagram (Fig. 3) in which the molecular 
volume F is plotted against the composition x (expressed, for 
instance,, as mols.%). The temperature considered is that at which 
the vapour-pressure deterznination is carried out. 

At this temperature, a w the volume of % g.-mo]s. of pure liquid 
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(^235)20, i.e., liquid consisting only of the first pseudo-component 
I the single molecules (OaH5)aO], or the completely dissociated second 
pseudo-component, under its own vapour pressure, and c is the 
volume of n g.-mols. of gaseous (02115)20 in equilibrium with this 
liquid phase. The points b and d have the same significance with 
respect to 1 g.-mol. of the second pseudo-component, [(C2H5)20]ra. 
The vapour pressure of pure liquid (02115)20 will be much larger 
than that of pure liquid [(02H5)20]w, and the molecular volume of 
the coexisting vapour is therefore much smaller than that of the 
vapour coexisting with r(^2®5)2®ln- 3 it is supposed that 

the difference is so large 
(which is quite possible) 
that n times the mole- 
cular volume of the 
vapour coexisting with 
liquid (02H5)20 is even 
smaller than the mole- 
cular volume of the 
vapour coexisting with 
liquid [(0aH5)2O]„, but 
this is not essential. 

The line ab, the binodal 
for the liquids, gives the 
jnolecular volumes of 
the liquid mixtures, 
whilst cd, the binodal 
for the vapours, gives 
the molecular volumes 
of the gaseous mixtures 
of the pseudo-system. 

If the system of all 
these liquids and 
vapours behaves in a 
unary manner only one liquid and one vapour coexist, namely those 
given by the points L and G, From the situation of these coexisting 
phases we see that the liquid phase is rich in the polymeric or 
complex molecules, whilst the vapour phase is rich in the single 
molecules. This coexistence corresponds to a definite pressure, the 
vapour pressure of the liquid in inner equilibrium. 

Suppose now that the bulb with dried ether was nearly completely 
filled, i.e., the volume of vapour was relatively very small. Drawing 
the nodal line LG, we can conclude from this that the state of the 
mixture must be represented by a point on this line and quite 
to i, so that the total composition corresponds with for i^ 


Ftc. 3. 
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case the quantities of the phases L and 0, which together form the 
S 3 ^tem are in the ratio OpjLp, After the bulb is broken, the system 
attains a relatively large volume, given, say, by the horizontal line 
; then we see that, if in the first moments the substance behaves 
as a mixture, owing to its sluggishness caused by intensive drying, the 
point q can teU us what the state of the coexisting phases will be 
during the first moments. For the state of a mixture of composition 

at a volume is given by the point q on the nodal line and 
from the position of this point we see that the quantities of the 
coexisting phases are largely changed and the the ratio has now 
become Oiq/L^q, This nodal line is situated in the region of lower 
pressures, so that the vapour pressure will be abnormally low. But 
as the inner equilibrium is not yet fixed, the inner transformations, 
which are only strongly retarded, are taking place in the direction of 
the inner equilibrium, which will be reached after some time, 
i.e., the vapour pressure will increase. 

Li the experiments of Prof, and Mrs. Baker on nitrogen trioxide 
and nitrogen tetroxide a similar phenomenon took place. Dicectly 
after the bulb is broken the liquid must evaporate strongly, changing 
the composition of the coexisting phases in the direction of lower 
vapour pressure, i.e., higher boiling points, and as the boiling liquid 
slowly (fistils, the behaviour as a mixture is continued. 

(2) Discussion of Surface-tension Determinations, 

We have now to deal with the determination of the surface 
tension; it is true that this is not a velocity phenomenon but this 
property is not trustworthy in this case for the following reasons. 
Baker (this voL, p. 1066) describes experiments in which a tube of 
1 cm. diameter was prepared with two platinum plates 7 cm, long 
fixed facing each other at the lower end of the tube, and having a 
thermometer placed between them. Benzene was introduced just 
to cover the plates, which were connected with a 400-volt battery 
for some hours, and its boiling point was thus raised to 91°. This 
effect was not destroyed when the apparatus stood for a few days 
with the plates disconnected from the battery— the boUing point was 
88° and the boiling was steady, not violent. While the boiling was 
proceeding, the voltage was again applied and within 2 minutes the 
evolution of bubbles was stopped. Measurements of the sm'face 
tension of the liquid indicated a 2 — 3-fold increase in molecular 
weight. 

I had previously carried out sparking experiments and had been 
impressed by the efficiency of strong electric fields in drying 
dideetrics, but had delayed their application in this direction. I 
therefore repeated Baker’s experiment (in collaboration with my 
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assistant Mr. Bruin), using an apparatus of exactty the same 
dimensions. Before the platinum plates were connected with the 
400-volt battery, the boiling point of the benzene was 80-5°, and 
after the current had passed for 4 hours the boiling point had risen to 
95® but then sank to 88® under steady boiling, even if the platinum 
plates were disconnected from the battery. The electrodes were now 
connected together, and after 2 days the boiling point was again 
determined, without applying an electrical field : it was still high 
{viz,, 93®), but sank again to 88® under steady boiling. The bubbles 
originated from a small part of the platinum wire, fixed to one of the 
plates. 

Now it is known that the most favourable condition for super- 
heating is to heat in a bath, and the best way to prevent super- 
heating is to heat with a small flame applied at a point on the bulb 
containing the liquid. When heating was effected in the latter way, 
with application of the electrical field, the benzene boiled at 80-5® and 
the phenomenon mentioned by Baker had disappeared completely, 
thus showing that his high boiling points may be affected to an 
unknown degree by superheating. 

At the same time we determined the influence of an electrical field 
on the vapour pressure, since if such a field had any influence on the 
position of the inner equilibrium, it would also change the vapour 
pressure. A similar tube with platinum plates was connected to a 
glass-spring indicator and to a little bulb containing phosphoric oxide. 
Benzene was introduced in the tube so as just to cover the plates. 
The apparatus was highly evacuated, and, without application of an 
electrical field, the vapour pressure was determined over the range 
40 — ^90®. The experiment was then repeated, applying an electrical 
field, first of 400 volts and then of 800 volts. The result was that 
the vapour-pressure lines coincided completely. From this we may 
conclude that the electrical field does not effect any change in the 
inner equilibrium, and that the increase in boiling point is most 
probably due to the removal of electrically charged dust particles 
by the field, in which case superheating occurs more easily when 
heating is carried out in a bath. Hence we must infer that, had 
Baker heated the liquid with a very small flame (micro-burner), 
instead of in a bath, he would have found a normal boiling point f ot* 
his dust-free liquid. 

From his surface tension measurements, Baker calculated that the 
molecular weight was 2 — 3 times the normal, but the vapour- 
pressure determination, and, we may now add, also the boiling-point 
measurements, showed that the inner state of the liquid is not 
changed at all. Therefore it seems most probable that, if a liquic^^l 
long standing in a sealed tube has become free from dust pa3G|iN®i» 
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the surface tension may be changed, and is therefore no longer a 
trustworthy criterion as to the state of the inner equilibrium. 

Condusions. 

Consequently, my conclusions are : (1) That as yet neither Baker 
nor I have stopped the inner transformations in the Zigwid phase of a 
single substance but we have succeeded, as shown especially by 
Baker’s determination of vapour density and latent heat, in retarding 
the velocity of the inner transformations by intensive drying of 
liquids, so that the substance behaves as a mixture with regard to 
what we have termed velocity phenomena. (2) Moreover, we have 
realised a fixation of the inner equilibrium in the mlid phase and in 
the coexisting gas phase of a single substance by intensively drying 
sulphur trioxide, and our continued investigation of phosphoric 
oxide points to the same result. (3) With regard to the gaa phase 
of a single substance, it is most probable that Baker, using small 
quantities, has realised a fixation. 

In answer to the question whether intensive drying can effect a 
displacement of the inner equilibrium, we can say that in some cases 
relatively small displacements are found with liquids, that Baker 
most probably has realised a very strong displacement with gases, 
and that we have found a very distinct change in the case of 
ammonium chloride (preliminary paper, iJec. trav, chim,, 1927, 46, 
445). 

Summary, 

The present state of our knowledge of intensive drying is discussed. 
It is pointed out that intensively dried hexane in rapid distillation 
behaves as a mixture, but that the changes oi v^/ppur pressure j^t 
constant temperature, without distillation, are relatively small even 
after several years’ drying. This appears tP h® ^ conflict with 
experiments in which Baker obtained abnormally high vapour 
densities for perfectly dry liquids. In seeking an explanation of this 
anomaly, it is seen that rapid evaporation and distillation are 
“velocity” phenomena, vrhereas vapour pressure is an “equil- 
ibrium ” phenomenon, and that large effects are to be expected in 
the former case and negligible or zero effects in the latter. The 
two types of result are therefore reconciled. 

Baer’s surfaee-teiasion experiments alone appeared to present a 
difficulty, but it has now been shown that this property is not a 
trustworthy criterion for internal equilibrium, for it may be altered 
by removal of dust particles from a liquid during long standing. 

Further, it has been demonstrated experinxentally that an electric 
field has no influence on the vapour pressure of benzene qr on its 




Fig. 1, 
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boiling point, provided that, during the determination of the latter, 
superheating be avoided by the use of a small flame instead of a bath. 
Our recent results will be published shortly. 

University, Amsterdam. [Beoeivedt June 25M, 1928.] 


CCCXIX. — The Densi-Tensimeter. 

By Aitdreas Smits. 

Ever since Abegg {Z. physikaL Chem., 1908, 61, 455) emphasised the 
anomaly that ammonium chloride has the same sublimation pressure 
when perfectly dry as when moist, whilst the dried vapour was found 
undissociated and the moist almost Completely dissociated, I have 
desired to repeat Johnson’s experiments {ibid., p. 457), but in a more 
trustworthy apparatus. The problem was to measure the vapour 
pressure and the vapour density simultaneously, but the insertion of 
a small baroscope into a vapour-pressure apparatus, with a glass- 
spring indicator, appeared to present insuperable difficulties, and it 
was not until the need for such an apparatus became imperative 
during our experiments on intensive dr 3 dng, that one of my glass- 
blowers succeeded in the task. He introduced a quartz baroscopes 
with a quartz knife-edge and also a graduated glass scale into a bull) 
of high-melting Jena glass of about 10 cm. diameter, so that this 
bulb formed part of a vapour-pressUre apparatus having a glass- 
spring indicator, and a preliminary investigation was conducted on 
the ammonium chloride ” problem (i?ec. trav, chim., 1927, 46, 445). 

The apparatus has now been improved in certain directions, lu 
the first place the pan on which the knife-edge rests was made from a 
tube which Avas cut in two lengthwise and turned up at the ends, to 
prevent the knife from slipping from the pan. This is seen in Fig* J , 
which also shows a cross-piece in the right arm of the baroscope, the 
vertical tube of which is provided with a small steel rod embedded in 
powdered iron oxide ; this steel rod serves to make the baroscope 
swing with the aid of a magnet, whereby it can be scon whether the 
deviation is reproducible* 

The difficulty, however, was that in this form of the apparatus 
the pan could not be ground, whereas the knife-edge was. This was 
unfavourable, and I therefore changed the construction slightly 
(see Fig. 2). 

Just above the knife-edge two thin quartz arms were sealed and 
bent down, so that these little arms prevented the baroscope from 
islipping from the pan, and consequently the pan could have an 
V-form and thus be well ground, which was a great ^dvanl^^fa 
<The firm of Beckerson, Keren, Holland, carried out the 
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the knife-edges and pans very efficiently.) The baroscope moved 
as regularly as a fine balance, and the calibration showed that the 
readings were exactly reproducible. 

Another improvement was then made to ensure that, on cleaning, 
the baroscope is not removed from its place and made to float on the 
cleaning liquid. For this purpose the ends of the two little side arms, 
mentioned above, are bent horizontally, and a glass rod is sealed to 
the pan holder in such a way that, if the bulb of the baroscope is 
lifted by the cleaning liquid, the horizontal ends of the side arms are 
caught by this rod ; the knife-edge now cannot be lifted up from the 
pan and the baroscope remains in the right position (see Fig. 2). 

Although the apparatus was now very satisfactory, I thought that 
possibly the accuracy could be increased a little by changing the 
baroscope once more. In order to eliminate a possible source of 
slight error, caused by adsorption of vapour on the quartz surface of 
the baroscope, it was necessary to have, as accurately and sym- 
metrically as possible, the same area of quartz surface on each side 
of the knife-edge. To ensure this, the baroscope of the latest 
construction contains two bulbs, but whilst the left one is closed, the 
right one has two or more holes, so that it can serve to enlarge the 
surface of the right part of the baroscope without impairing its 
function in the apparatus ; moreover, since both the inner and the 
outer surface of the open bulb are exposed to the vapour, this bulb 
must be smaller than the other. 

This principle is embodied in the baroscope shown in Fig. 3, from 
which w'e see also that the tube with the small iron rod is now sealed 
into the open bulb, that the needle is sealed at the middle of the arm of 
the baroscope, and that the scale is at the upper part of the apparatus. 

Fig. 4 shows the bulb, containing the baroscope, sealed to the 
glass-spring indicator. The whole apparatus has been called a 
‘‘ Bensi-Tensimeter.** 

The Univebsity, Amsterdam. [Received^ June 25tht 1928.] 


CCGXX . — The Action of Substituted Aromatic Amines 
on Camphoric Anhydride. Bromo- and lodo- 
camphoranilic Acids and Camphor o-bromo- and 
iodo-phenylimides. 

By Mahan Singh, Ram Singh Ahuja, and Kishen Lal. 

When a substituted aniline is condensed with camphoric anhydride, 
a camphoranilic acid and the corresponding imide are formed, the 
relative quantities depending on the nature of the substituent (R) 
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and its position in the amine (Singh and Singh, J., 1927, 1994; 
see also J., 1926, 127, 1966). The order in which the o-, m-, and 
^-substituted amines affect the 3 deld of the camphorimide is, how- 
ever, not consistent for R = 01, Br, I, Me, and OO 2 H. 

The results obtained from the condensation products of camphoric 
anhydride with bromoanilines and iodoanilines are now reported. 
Table I gives the approximate percentage yields of the respective 
camphorimides, formed together with carboxy-, methyl-, chloro-, 
bromo-, and iodo-camphoranilic acids. 

Table I. 

Percentage yields of the imides. 

COaH. Me. CL I. Br, 

Nil Traces 16—20 25—30 40 

„ — 6 31 26 

„ — 6 — 6—10 

Except for the position of chlorine, the order for the p-substituted 
amines corresponds to the order which indicates the relative influence 
of the substituents on the nitration of a monosubstituted benzene. 
The ratio acid/imide produced is also dependent on the temperature 
at which the reaction is carried out, though the order in which the 
substituents affect the ratio is the same as that given in Table I, 
All the condensations except that of o-iodoaniline (vide infra) were 
carried out at a temperature between 145® and 160® and the reaction 
mixture was heated for 3 — 4 hours. 

With regard to the optical rotations of these compounds, (a) the 
o-bromo- and o-iodo-acids give negative values in acetone and 
methyl ethyl ketone; (6) the ^-isomeride has in all cases the 
maximum rotation, which is in accordance with Prankland’s rule 
(J., 1896, 69, 1583). These observations also support Cohen’s rule 
(Frankland, J., 1912, 101, 667) ‘Hhat the rotatory effect of the 
ortho-grouping differs more from that of the phenyl than do those 
of the meta- and para-groupings ” ; (c) the molecular rotatory 
powers of the acids do not follow the order of the dielectric constants 
of the solvents used. 

Table II gives the molecular rotatory powers of camphoranilic 
acid and some of its 2 '-substituted derivatives in methyl alcohol, 
ethyl alcohol, acetone, and methyl ethyl ketone. 

As regards their effect in diminishing the molecular rotatory 
power in acetone and in methyl ethyl ketone, the order of the sub- 
stituents is that of their effect on the optical activity of menthyl 
and 56c.-p-ootyl esters of monosubstituted acetic acids and benzoic 
acids (Rule and Smith, J., 1925, 127, 2188; Rule and MitcheU, 
J,, 1926, 3202; Rule and collaborators, this vol., p. 178). This 
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Table II. 

[M],. 


Substit. MeOH. EtOH. MegCO. MeEtCO. 

H +150° +131° +ior — 

COaH -5S4 -574 -551 -390° 

Me +146 +144 + 98 + 90-75 

I + 50-9 — 82*8 - 70-17 

Br + 36-0 + 21-9 - 61-1 - 31-96 

Cl + 57-8 + 35-6 - 40-3 - 28-5 

OMe * + 29-6 + 27-6 - 16-3 - 9*55 


* Private communication. 

corresponds to the relative polarity of the groups as deduced from 
molecular inductive capacities. For methyl- and ethyl-alcoholic 
solutions there is a small displacement in the order of the sub- 
stituents. 

It is remarkable that the above order of substituents is followed 
when the solvents are ketones and not when they are alcohols. 
The substances examined by Rule and his collaborators (loc. cU.) 
were all liquids and the question of the efiect of solvents did not 
arise. The authors have not been able to find in the literature 
mention of any series of optically active, ortho-substituted sub- 
stances examined in ketonic solution with a view to correlating the 
molecular rotation with the nature of the o-substituent. It seems 
probable that such optically active substances show the same 
relative changes in rotatory power in ketonic solvents and in the 
pure state. Work is in progress to determine whether the effect 
on the optical activity of substituents in the ortho-position follows 
the above order only when the substances are dissolved in ketones. 

For the meta- and the para-substituted derivatives the effect of 
the substituents accords with what Rule and others {loc. ciL) have 
called their general effect, i.e,, C 02 H>halogenB>Me>H, 

ExPEEI MENTAL. 

Condensation of Camphoric Anhydride with Brorrio- and lodo^ 
anilines. — ^The method was that described for the condensation of 
o-chloroaniline (J., 1927, 1996). Sodium carbonate was used to 
separate the camphoranilic acid from the imide. They can also be 
separated by fractional crystallisation from alcohol. 

Camphoro-o-bromophenylimide crystallised in short needles, 
m. p. 142° (Wootton, J., 1910, 97, 415, gives 139—140°) (Found : 
Br, 23*9. Calc. : Br, 23-85%), and the m-bromodsomeride in 
silky needles, m. p. 1^° (Wootton gives 184—185°) (Found : Br, 
23-9%). 

2'-BromocamphoraniIic acid crystallised in silky needles, m. p. 
168°, [M}o — 61-1° in acetone (Wootton gives m. p. about 78°, 
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\M]o — 41-1°) (Found Br, 22-8 ; equiv., by titration with NaOH, 
353'3. Calc. : Br, 22'6% ; equiv., 354). The 3'-bromo-acid 
crystallised in prisms, m. p. 224° after shrinking at 220° (Wootbon, 
216 — 217°) (Found : Br, 22-8%; equiv., 3634). 

i'-Bromocamphoranilie acid crystallised in stout needles, m. p. 
206 — ^207° (Found: Br, 22-7%; equiv., 352-5), and camphoro-p- 
bromophenylimide in prismatic needles, m. p. 182-6° (Foimd : Br, 
23-9%). 

The condensation of camphoric anhydride and o-iodoaniline was 
carried out at 1 16° ; at higher temperatures a viscous oil was obtained 
and the yield of the acid was seriously diminished. The alcoholic 
solution of the condensation product was precipitated with water, 
and the acid dissolved by addition of dilute aqueous ammonia. 
The residue was probably unchanged material containing a small 
quantity of camphoro-o-iodophenylimide, which could not be 
separated and purified. The ammoniacal solution was acidified, 
yielding an amorphous spongy mass, which was redissolved and 
reprecipitated several times. 2'-Iodocamp}ioraniUc acid was thus 


Tabde hi. 

Rotations of Bromo- and lodo-camphoranilic Acids and Cam phoro- 
bromo- and -iodo-phenylimides (I = 2). 

Temp. 33° (25° for values marked *). 
Oamphoranilic Acids. 


Cone. Cone. Cone. 

Solvent. (g./26o.o.). [a]u. (g./26c.c.). [oln. (g./26e.e.). [alo. 

2'-Bromo-. 3'-Bi-omo-. 4'-Bi’omo>. 


MeOH 

0-2823 

+ 10-18° 

0-3040 

H-44-3° 

0-2664 

461-3® 

Eton 

0-2820 

6*2 

0-2870 

+37-7 

0-3806 

+46-7 

Me2CO 

0-3029 

>~17-3 

0-3902 

-h31-4 

0-2770 

+3S-4 

MeEtCO 


- 9-03 

0-3007 

+37-4 

0-3012 

+42-3 


2'-Iodo-. 

S'-Iodo-. 

4'.Iodo-, 

MeOH 

0-2660 

+ 12-7°* 

0-2788 

-MI-GO® 

0-2887 

+44-16“ 

EtOH 

. 


0-29S0 

-1-36-60 

0-1964 

442-20* 

Me,00 

0-3639 

20-2* 

0-2900 

*h29-00 

0-3061 

436-30 

MeEtCO 

0-1849 

-17-6* 

0-3000 

431-00 

0-3016 

441-80 


Oaraphorohalogenophonylimides: 




o-Bronxo-. 

w-Bromo-, 

jp-Bromo-, 

MeOH 

0*2616 

H-}6-77'^ 

0-3030 

417-70® 

0*3066 

416-5® 

Eton 


-h 13-37* 



— 

— 

MeoCO 

MeEtCO 


H- 0-26 

0-3012 

414-10 

0-2826 

416-87 

0-2900 

H- 10-70 

0-3048 

+ 9-84 

0-2998 

410*67 




m-Iodo-* 


MeOH , 



0-2670 

4X6*60® 

0-2810 

410-07® 

EtOH 



0-2606 

421-68 


MeaCO , 



0-3046 

410-2 

0*2858 

+ fMW 

MeEtCO , 



(I-30S4 

412-27 

0*2996 

+ 
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obtained as a somewhat sticky powder, which was dried in a vacuum 
desiccator for 48 hours; m. p. 147 — 149° (Found : 1, 31*2 ; equiv., 400. 
CieHaoOgNI requires I, 31-7%; equiv., 401). 

crystallised as a light fluffy mass, 
m. p. 172° (Found : I, 33-0. Ci^HigOgNI requires I, 33*2%), and 
S'-iodocamphoraniUc acid in light prismatic needles, m. p, 226 — ^227° 
(Found : I, 31*7%; equiv., 402, 406). 

Camphoro-‘p4odopJhenylimide crystallised in needles, m. p. 197° 
(Found: I, 33*1%), and 4/ -iodocamphoranilic acid in short needles, 
m. p. 221° (Found : I, 31*8%; equiv., 399). 

In general, the preceding imides are readily soluble in acetone and 
methyl ethyl ketone, fairly readily soluble in methyl alcohol, and 
sparingly soluble in ethyl alcohol, and the acids are soluble in the 
common organic solvents. 

4'-Methylcamphoranilic acid (compare Wootton, Zoc. ciZ. ; Singh 
and Puri, J., 1926, 604) and only a trace of the imide were obtained 
by the general method. 

The rotatory power of 2'-methoxycamphoraniIic acid was deter- 
mined in methyl ethyl ketone for comparison : 0*1989 g. dissolved 
in 25 c.o. gave Ojj — 0*50°, whence [Jtf]D — 90*75°. 

The authors wish to express their indebtedness to Professor 
H. B. Dunnicliff for his interest and advice in this work. 

Goveknment College, Punjab University, 

Lahore (India). [ Beceived ^ May lUh , 1928 .] 


CCCXXI . — Stvdies in the Nitration of Substituted 
Tertiary Aromatic Amines. 

By George Roger Clemo and James Muir Smith. 

Although the literature contains a great number of papers on the 
subject of nitration, this major reaction is still imperfectly under- 
stood. The preliminary experiments which led to this investigation 
were carried out several years ago by one of us (G. R. C.) and C. M. 
McLeod, but at the time it was not possible to pursue the subject. 
It has been pointed out by, amongst others, Noeltmg and Collin 
(jBer., 1884, 17, 261) and Pinnow (jBer., 1894, 27, 3161), that the 
products of the nitration of certain aniline derivatives vary with the 
amount of concentrated sulphuric acid used to dissolve the base. 

It has now been found that variation of the strength of the 
sulphuric acid used as the medium for the nitration has in many 
cases a striking effect on the particular nitro-compound formed. 
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The experiments of Fltirscheim and Holmes on the nitration of 
benzyldiethylamine (J., 1926, 1662), and of Pollard and Robinson 
on benzylpiperidine (J., 1927, 2770), which showed that the addition 
of certain salts to the reaction medium had a marked effect in reduc- 
ing the proportion of the m-nitro-compound formed, are of interest 
in this connexion. 

The bases selected for our experiments were, in the first instance, 
p-chloro-, p-bromo- , andp-methyl-dimethylaniline, and subsequently 
more complicated dialkylanilines, including tetramethylbenzidine 
and 4 : 4'-tetramethyldiaminodiphenylmethane, were employed. 

Fia. 1. 

Compo8itionHf)ieUmg point curve for mixtures of 4-c^?oro-2-m>o- and 
4‘eMoro-Z-nitro-diinetkylamline. 



Thus, p-chlorodimethylaniline on nitration in concentrated sul- 
phuric acid gives a good yield of the almost pure m-nitro-derivative 
(Ber,, 1898, 31, 2984), whilst in dilute sulphuric acid (75% H 2 SO 4 
by weight) a good yield of the pure o-nitro-compound results — 
this compound was prepared by Heidlberg (J5er., 1887, 20 , 161) by 
the action of nitrous acid on the base. With p-bromodimethyl- 
aniline, approximately parallel results have been obtained, and in 
both cases the presence of urea inhibits ortho-nitration in dilute 
sulphuric acid, whilst improving the purity of the wi-nitro-derivative 
when concentrated sulphuric acid is used. That the ortho- and 
meta-nitrations involve essentially different mechanisms for the two 
reactions is seen also from the fact that, in the latter case, when tfe 
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nitration mixture is removed from the cooling bath, the temperature 
quickly rises some degrees above that of the room, during which time 
the reaction is completed, whilst, in the former, nitration only 
occurs with rapid rise of temperature and slight effervescence some 
1 — 4 hours after room temperature has been attained. 

It was then decided to submit ^-chloro- and ^-bromo-dimethyl- 
anilines to a series of nitration experiments in sulphuric acid of 
various strengths. The analyses of the resulting nitration products 
were carried out according to the well-known method of HoUeman 
(see Figs. 1 and 2), and, contrary^to expectations, it has been found 

Fio. 2. 

Compositiori'-onelting point cwrve for mixtures of 4c-bromo-2-nitro- and 
i-bromo-Z-nitro-dimethylaniline, 

90 ° - 


80 


70 

a, 

60 


60 


40 


that the change over from the o- to the «»-iutro-coiapound is not a 
gradual process. Thus the chloro-base in sulphuric acid (86% 
H^SOj) gives a product containing 92% of the o-compound, whilst 
in 92% acid a theoretical yield of the »»-nitro-oompound results. 
With 88 and 90% acid, however, the product is an oil containing 
both of the nitro-compounds and unchanged hase (eutectic tem- 
peaature of the two nitro-compounds, 36*1®). 

The pure materials necessary for the oonsteuetion of Kgs. J and 2 
were made by the above methods and crystallised from alcohol. 
The results of the nitrations are summarised in the foUowii^ 
tables. 



0 20 40 60 80 100 

Percentage of ^-nitro-cotnpound. 
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Nitration of 4-ChlororUinethylaniline in Snlphurlo Acirl of Various 

Concentrations. 


Cone, of H 2 SO 4 

Total yield of nitro-com- 

Proportion of 2- to 3-nitro- 

(% by weight). 

pound from 6’2 g. of base. 

compound in product. 

50 

7*4 g. 

95 : 5 * 

70 

6*6 

85:15 

70 (Urea present) 

Nil 

— 

74*5 

6*5 

100:0 

79*4 

6*6 

100:0 

83-9 

6*3 

100:0 

86-0 

6 'Q 

92:8 

88-3 

Oil 

Indefinite 

90-0 

9* 

tf 

92-0 

8*0 

9:91 

93-8 - 

7*5 

6:94 

98-0 

7*4 

6:94 

98*0 (Urea present) 

7*2 

3*6 : 96*6 


* All nitrations were effected by the general method described on p. 2420. 
with the exception of that in 60% sulphuric acid which took two weeks for 
completion at room temperature. 


Nitration of 4-Bromodimeth.ylaniline in Sulphuric Acid of Various 

Concentrations. 


Cone, of H 2 SO 4 

Total yield of nitro-corn- 

Proportion of 2 - to 3-mtro- 

(% by weight). 

pound from 6 g. of base. 

compound in product. 

70 

7-0 g. 

88 : 12 

70 (Urea present) 

Nil 


76 

6*4 

92:8 

79-4 

6*4 

97:3 

83-9 

5*5 

92:8 

90*0 

3*2 

Indefinite 

98*0 (Urea present) 

7*0 

4 : 96 


Although no special accuracy is claimed for the figures in column 3 
of the above tables, a test in which known amounts of one of the 
pure isomerides were added to the product of nitration gave com- 
position values from the graph which were within 0*5% of the 
calculated ones. In marked contrast to the two previous cases, 
however, p-methyklimethylaniline gives a good yield of o-nitro- 
produot (Ber., 1895, 28, 3041; 1897, 30, 3119) in dilute sulphuric 
acid in the presence of urea, whilst nitration in concentrated acid 
gives the normal ^Miitro-derivative (D.R.-P. 69188; J, jpr. Cliem,, 
1902, 65, 247). It is therefore clear that the nature of the para- 
substituent plays an important part in ortho-nitration. 

Attention was then turned to bases having a para-substituent 
more powerfully op-directing than either 01, Br, or CH 3 , and p-di- 
methylaminobenzyl alcohol was the first selected for study, A 
difficulty was encountered here, however, as the literature records 
no suitable method for its preparation (see, however, followiJJ|| 
paper), and hence a detailed study of its nitration has not yet 
carried out. Nevertheless, it has been found in preliminary 
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ments that this alcohol undergoes nitration in 70% sulphuric acid 
in presence of urea so readily that the reaction is difficult to control 
at — 5°. The benzoyl derivative of j>-dimethylaminobenzyl 
alcohol, on the other hand, is recovered largely unchanged under 
these conditions. Tetramethylbenzidine readily undergoes ortho- 
nitration in 70% sulphuric acid in the presence of urea {Ber,^ 1881, 
14, 2164; J., 1926, 2712), whilst in concentrated sulphuric acid 
meta-nitration proceeds equally easily [Ber,, 1904, 37, 29), and 
parallel results are obtained with 4:4' -tetramethyldiaminodiphenyl- 
methane (£cr., 1894, 27, 3161). 

The explanation at present accepted for the meta-nitration of 
bases dissolved in concentrated sulphuric acid is that it is the 
kation of the ionised ammonium salt, [R'NMeaH]^, which undergoes 
nitration. It is somewhat difficult to understand, however, why 
such a reaction should proceed smoothly in 92% sulphuric acid, 
but not in 90 or 88% acid, whilst with 86% acid ortho-nitration 
occurs, involving a different mechanism. The above explanation, 
if correct, leads to the curious inference that no ammonium ions are 
present in the 86% acid (H2S04,H20 corresponds to 84‘5% H2SO4), 
since it has been shown for p-ohloro- and p-bromo-dimethylaniline 
that the meta-nitration is more rapid than the ortho. 

The inhibition by urea in the cases of the two bases just mentioned 
suggests strongly that nitrous acid plays a fundamental part in the 
nitration process. This contention is supported by the fact that 
many such nitro-compounds have been prepared by the action of 
nitrous acid on a dilute acid solution of the para-substituted dialkyl- 
aniline (JSer., 1887, 20, 161, 2460; 1898, 31, 2982; 1918, 51, 1036; 
J., 1926, 1896). In these cases, however, it is usual to obtain con- 
siderable quantities of nitrosoamines on account of the partial 
dealkylation of the tertiary amino-group, and the fact that these 
products are not formed in the cases under consideration seems to 
preclude the explanation that ortho-nitration is due solely to the 
action of nitrous acid. The best explanation which can be offered 
is that shown by the following scheme, which involves the prior 
addition of nitrous acid, followed by ionisation to give the ammon- 
ium ion, and oxidation of the nitroso- to the nitro-group, which 
then migrates into an unoccupied ortho-position. 
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The fact that urea prevents the reaction when X is Cl or Br, but 
not when it is * 0113 , -CHg-OH, •CH 2 *CeH 4 *NMe 2 (^), or •CgH^-NMegC:??), 
may be ascribed to the more acid character of the first two bases, as 
it is probable that urea will not react with concentrations of nitrous 
acid sufficient to start the process of ortho-nitration for the other 
(stronger) bases. 

Attention was turned finally to the problem of the further nitration 
of some of the aforementioned mono-ortho- and -meta-nitro- 
compounds, and it has been found that, generally, a second rdtro- 
group can be introduced into the m-nitro-derivative by nitration in 
sulphuric acid at 60°, and that the same dinitro-compound is formed 
directly when the base is treated in concentrated sulphuric acid at 
60° with 2 mols. of nitric acid. In the case of jj-bromodimethyl- 
aniline, the resulting dinitro-compound has the same melting point 
as the compound obtained by the bromination of 3 : 6-dinitrodi- 
methylaniline (Forster and Coulson, J., 1922, 121, 1995), and hence 
the second nitro-group in all probability occupies the 6-position. 
The final stage of the reaction is the production of a trinitro-nitro- 
amine as shown below. The further nitration of the o-nitro- 
derivatives also results in the introduction of a second nitro-group 
in the 6-position, and the end stage in the nitration of 4-bromo-2- 
nitrodimethylaniline is tetryl, whilst with the corresponding chloro- 
base the last stage of the above reaction cannot be carried out, for 
the chlorine atom is not removed by boiling with fuming nitric 
acid. ' 


NMeo 



Me-N-NO Me-N-NOg Me-N-NOg 

0, NO,/N]sro2 no/Nno. no/^o. 



Bolling 

HNO, 


^ V 

NO, 


'tuitraaonln, 
70% acid 

NMeg 


NMe, 


NMe, 


3r 


^ llitxationin 
98% aoid+ 



NO., 

Og H, 804,60^ 



0, 


Br 


Me-N'NOg 

NOo/NnO, 

Bt 


couu. 

HNO. 


ExPEBIMEN T AL. 

The following general method of nitration was used in the experi- 
ments recorded in the tables on p. 2417, with the exception that all 
the nitration mixtures were allowed to stand together over-night at 
room temperature, before being poured on ice and worked up. 

4-CT7oro-2-m^rod!imei%ZamZi?ie.*— 4-Chlorodimethylaniline (6^2 g. ; 
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0*04 mol.) was dissolved in sulphuric acid (20 c.c. ; 75% H 2 SO 4 by 
weight*), cooled in an ice-bath, and stirred whilst a mixture of 
nitric acid (2*9 c.c.; 66 % HNO 3 ) and sulphuric acid (10 c.c. ; 
75% H 2 SO 4 ) was run in during ^ hour, the temperature meanwhile 
being kept at 3 — 5®. The reaction mixture was allowed to warm to 
room temperature ( 21 ®), and then about hours later a rapid rise 
of temperature to 35® occurred, whereupon nitration took place with 
slight effervescence. After the temperature had fallen again, the 
mixture was poured on ice, neutralised with caustic soda, the red 
precipitate collected, well washed with water, and dried in a vacuum 
(6*5 g.; m. p. 56°). The product was crystallised from methyl 
alcohol, giving 5 g. of red prisms, m. p* 56® (corr.). If urea (2 g.) was 
added to the above experiment, and the nitration mixture left over- 
night at room temperature, 5*8 g. of chlorodimethylaniline were 
recovered unchanged. i‘CMoro-2-aminodimethylanili7ie was obtained 
as an oil, b. p. 158®/22 mm., by reducing the nitro-eompound with 
iron and hydrochloric acid (Found : N, 16*6. CgHiiNgCl requires 
N, 16*5%); it forms an acetyl derivative, colourless plates from 
ligroin, m. p. 90® (Found : N, 12*9. CiQHjgOKTgCl requires N, 
13-1%). 

— ^This compound was prepared 
by substituting an equal volume of concentrated sulphuric acid for 
the 76% acid used above, and nitration was completed with slight 
rise of temperature as soon as the mixture had reached room tem- 
perature. The yield from 6*2 g. of 4-chlorodimethylaniline was 
7*5 g., which gave yellow needles (7 g.) from methyl alcohol, m. p. 79® 
(ooir.). The same 5 deld of rather purer nitro-compound was formed 
when urea was present. 4i-ClilorO‘Z-aminodimethyUniUm^ obtained 
by the reduction of the nitro-compound with iron and hydrochloric 
acid, forms colourless plates from ligroin ; m. p. 64° (Found : 
N, 16*3. CgHiiNgCl requires Hf, 16*5%) ; this compound, whicli 
darkens after a time in air, forms an acetyl derivative, colourless 
prisms, m. p, 97° (I^ound : IT, 13-0. OjoHiaOlToCI requires N, 
13*1%). 

4z‘£rmno-2~nitrodimethylaniUne. — 4-Bromodimethylaniline (8 g. ; 
0*04 mol.), when nitrated as described above for the corresponding 
ehloro-base, gave 7*2 g. of product containing 92% of the 2-nitro. 
compound, which crystallised from methyl alcohol in orange- 
coloured prisms, m. p. 64® {Ber., 1887, 20 , 2460) (Found ; N, 11*6, 
Calc, for CgHgOgNgBr : IT, 11-4%). In this case reaction set in one 
hour after the nitration mixture had reached room temperature 
( 21 °), but if urea was present nitration was inliibited. 4-J5ro?no-2- 
amimdimetAylamUm was obtained as an oil, b. p, 166®/23 mm,, by 

,* 411 subsequent acid percentages are by weight. 
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reduction of the nitro-compound with iron and hydrochloric acid 
(Found: IS, 13*06. OgHuNgBr requires N, 13*0%) ; its acetyl 
derivative formed colourless, glistening prisms from ligroin, m. p. 
nr (Foimd : TS, 10*7. G^qE^^OTS^Bv requires N, 10*9%). 

4-Bromo-i-nitrodimethylaniUne . — ^Nitration was carried out in the 
presence of urea as for the corresponding ohloro-compound, and the 
product gave orange-coloured needles from methyl alcohol, m. p, 
93*5® (Found : N, 11-5. CgHgOgNgBr requires N, 11*4%). 

‘3 : 3'-Dim^ro-4 : 4c* - tetr(methyMiamimdipMnylmeihane » — 4 : 4'- 
Tetramethyldiaminodiphenylmethane (10*2 g.) and urea (4 g.) 
were dissolved in sulphuric acid (60 c.c. ; 70%), and a mixture of 
nitric acid (5-8 c.c. ; 66%) and sulphuric acid (20 c.c, ; 70%) was 
added at — 6°, After standing for 1 hour at room temperature, the 
mixture was worked up in the usual way tod gave 9*2 g, of red 
prisms, m. p. 121® after crystallising from acetic acid. 

3 : W-Dinitrotetmmethylbenzidim . — ^Tetramethylbenzidine (9*6 g.) 
was nitrated as in the preceding case and gave 7*4 g. of red needles, 
m, p. 188®, from acetic acid. 

4-Bromo-2 : Q-dinitrodimethylaniline. — 4-Bromo-2-nitrodimethyl- 
aniUne (3 g.) was added in portions to nitric acid (35 c.c. ; 62% 
HNOg), the temperature being maintained meanwhile at 10®, and 
subsequently raised to 35® for \ hour. The resulting acid solution 
was then gradually diluted with water until the dinitro-compound 
began to septate, and when precipitation was complete the solid 
was collected and reorystalKsed from alcohol, giving orange- 
coloured diamond-shaped plates (1 g,), m. p. 118® (Found : N, 14*2. 
C8B[g04N‘3Br requires N, 14*4%). 4-Bromo-2 : 6-dinitrophenyl- 
methylnitrosoamine (see below) was also isolated from this reaction. 

4-jBromo-2 : 6 - — 4 - Bromodi- 

methylaniline (14 g.) was dissolved in sulphuric acid (66 c.c*; 
^0%) by warming on a water-bath. Water (48 c.c.) was then added, 
the solution cooled to 12®, and a mixture of nitric acid (80 c.c. ; 
66% HNOg) and sulphuric acid (120 c.c.; 96%) added. After a 
short time a vigorous reaction set in, and the temperature was kept; 
under 40® by cooling; thenitrosoamine then separated as small, pak 
yellow needles, which were collected and recrystaUised from alcohol 
(18 g.; m.p. 124®) (Found: 0,27*9; H,l*55; N,18*7. 07H505N4Br 
requires 0, 27*6; H, 1*6; N, 18*4%). 

4“jBrcwwo-2 : 6~dinitromono9nethylamline . — ^This was prepared as 
orange-coloured needles, m. p. 104 — 105®, by refluxing the above 
nitrosoamme for 6 hours with methyl-alcoholic hydrogen chloride 
(Found : N, 16-8. C7H804N3Br requires N, 16*2%). 

4-jBr(?mo-2 : — 4-Bromo*2 : 
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acid (15 c.c.) and heated on a water-bath for ten minutes. Water 
was then added, and the precipitated nitroamine collected and re- 
crystallised from alcohol, giving pale yellow needles, m. p. 113 — 114® ; 
yield 0*8 g. (Found : C, 26'3; H, 1'9. Calc, for CyHjOjNjBr: 
C, 26-2; H, 1'6%) (Blanksma, Bee. trav. (Mm., 1902, 21, 272). 

2:4: Q-Trinitr(>phenylmet}iylnikoamim {Teiryl), — 4-Bromo-2 : 6-di- 
nitrophenyhnethylnitrosoamine (3 g.) was boiled under reflux with 
fuming nitric acid (26 c.c.) for 6^ hours, and the resulting solution 
cooled and poured into water. The ydlow solid was collected and 
crystallised from alcohol, 1 g. of diamond-shaped plates being 
ohtaiaed, m. p. 127®, not depressed when mixed with an authentic 
specimen of tetryl. The compound gave 2:4: 6-trimtroaniline 
(m. p. 186®) when treated with ammonia. 

4:-Br(mo-Z : S-dinitrodimetliylaniline. — 4 - Bromodimethylaniline 
(6 g.) was dissolved in sulphuric acid (20 c.c. ; 96%) at 40®, the 
solution stirred, and a mixture of nitric acid (4 c.c. ; 66%) and 
concentrated sulphuric acid (10 c.c.) slowly added. The reaction 
mixture was allowed to stand over-night, then poured on ice, and 
neutralised with caustic soda. The precipitate consisted of a 
mixture of the 3-nitro- and the 3 : 6-dinitro-compound, and was 
separated by dissolvii^ it in concentrated hydrochloric acid and 
gradually dfluting the solution with water, the less basic dinitro- 
compound being precipitated; it crystallised from alcohol in deep 
red plates, m. p. 107® (compare Forster and Coulson, J., 1922, 121, 
1995). 

i-BromO‘2 : 3 : ZdrinitropJmyhnethylnUrocmine . — ^Fuming nitric 
acid (20 c.c.) was added all at once to 4-bromo-3-nitrodimethyl- 
aniline (3 g.) ; a vigorous reaction took place, and when it had 
subsided the solution was heated for J hour on a water-bath and 
then poured on ice with stirring. The resulting yellow soUd was 
collected, extracted with a small volume of alcohol, and the residue 
recrystallised from alcohol, pale yellow needles being obtained, 
m. p. 158® (Found : N, 19-2. Calc, for C^H^OsNsBr : N, 19-1%) 
(compare Forster and Coulson, loo. cit., who, however, give m. p. 
166®). 

The authors are indebted to the Research Fund of the Chemical 
Society for a grant towards the expenses of this investigation. 

Umivbesity or Dubeam, Ahmssbong Coxubob, 

NEWOASoraiE-upoN-TYNB. [Received, July M,, 1928.] 
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CCCXXII . — The Beduction of 'p-Dimetkylaminobenz- 
aldehyde^ and the Preparation of p-Dimethylamino- 
benzyl Alcohol. 

By Georoe Roger Clemo and Jambs Mum Smith. 

In the course of the experiments described in the preceding paper, 
^-dimethylaminobenzyl alcohol was needed, but it was found that 
there is some confusion in the literature dealing with this compound, 
and that no satisfactory method is recorded for its preparation. 
Thus, Rousset [BuLh Soc. chim., 1894, 11, 318) claimed to have 
prepared the alcohol, colourless needles, m. p. 63°, by refluxing the 
corresponding aldehyde with caustic potash. Braun and Kruber 
(Rer., 1912, -K, 2978), however, could not repeat this work, and the 
present authors have also failed to obtain the alcohol by this means. 
Geigy andCo. (D.R.-P., 105,105) state that jp-dimethylaminobenzyl 
alcohol can be isolated from the action of formaldehyde on dimethyl- 
aniline, but Cohn (Ghem,-Ztg., 1900, 24, 564) contradicts the claim. 
Braun and Kruber, however, uphold Geigy and state that they have 
thus isolated the alcohol in a 2% yield as an oil which gave an oily 
benzoyl derivative; a m-nitrobehzoyl derivative, m. p. 51°; a 
methiodide, m. p. 126° ; a picrate, m. p. 130° ; and a chloroplatinate, 
m. p. 181°. 

Rousset (toe. cit,) investigated the reduction of the aldehyde by 
sodium amalgam in alcohol, but instead of the alcohol obtained a 
solid, m. p. 155°. It has now been found that this sohd is a mixture 
of two stereoisomeric s-6^5(p-d^me^Aytomine'pAewyZ)e^%to^le glycols 
(I and II), one constituting about two-thirds ; and that ’^•dimethyl- 
aminobenzyl alcohol can also be isolated from the reaction mixture in 
a 20% yield of the theoretical. The derivatives of j9-dimethyl- 
aminobenzyl alcohol given by Braun and Kruber do not correspond 
in a single instance with those now obtained. Thus, it is found that 
the benzoyl derivative has m. p. 91°, the m-nitrobenzoyl derivative 
m. p. 76°, the methiodide 232°, and that the chloroplatinate^ which 
these authors state to be insoluble in alcohol, crystallises from this 
medium with solvent of crystallisation, m. p. 100° (decomp.). It 
has not been found possible to prepare a crystalline picrate from the 
alcohol, but it is significant (see below) that dimethyl-^-toluidino 
gives a picrate corresponding in properties and m. p. to that given 
by Braun and Kruber for p-dimethylaminobenzyl alcohol. 

The action of acids on the stereoisomeric glycols is of a complex 
nature and the pinacolin transformation has not yet been effected. 
Further, it has not been possible to prepare acetyl or benzoyl 
derivatives from (I) and (II). The glycol produced in 
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amount, m. p. 113®, gives a dimetModide, wliilst the other, m. p. 178®, 
under similar conditions, gives only a monometUodide. No resolution 
experiments, however, have been attempted with a view to settling 
which glycol has the racemic and which the Tw^^o-structure. 

H()-0-<f~\NMe2 NMej/^Vo-OH 

The electrolytic reduction of p-dimethylamiiiobenzaldehyde has 
been described by Schepss {Ber,, 1913, 46, 2574), who claims to have 
thus obtained a 41% yield of p-dimethylaminobenzyl alcohol as an 
oil which solidifies on cooliug. It has now been found that in this 
reduction a mixture of at least the four following compounds is 
formed : dimethyl-p-toluidine, 15% of the theoretical ; p-dimethyl- 
aminobenzyl alcohol, 20% ; 4 : 4'-tetramethyldiaminodiphenyl- 

methane ; and the glycol, m. p. 178®. In all probability the glycol 
of m. p. 113® is also formed, but it has not been possible to isolate 
it from the reaction mixture. 

Experimental. 

p-X> A Icohoh — ;p-Dimethylaminobenzaldehyde 
(10 g.) was dissolved in ethyl alcohol (50 c.c.), sodium amalgam 
(150 g. ; 4% Na) added, and the mixture refluxed for 4 hours on 
the water-bath. The colourless alcoholic solution was decanted 
into ice and water (250 g.), and the resulting colourless solid (A) 
was then collected, washed with water, and dried in a vacuum 
(7*8 g,). The filtrate was saturated with sodium chloride, extrafccted 
with ether, and after separation, drying, and fractionation, gaVe an 
almost colourless oil (1*6— 1-8 g.), b. p. 123®/! mm. (Found ; 0, 
71*2; H, 8-65; N, 94. OgH^gON requires C, 71-6; H, 8-6; N, 
9-3%). ^^Dimethjlaminobemyl akohohis somewhat soluble in 
water, and when treated with benzoyl chloride in presence of caustic 
soda gives a b&TizodtB, colourless prisms from ligroin, m. p. 91® 
(Found: C, 75^3; H, 6-9; N, 5-7. requires C, 76-3; 

H, 6‘7 ; N, 6’6%). The ixx-nitrobenzoate, on the other hand, can only 
be prepared by reaction in pyridine, and is obtained as pale yellow 
plates, m, p. 76®, by crystaflising rapidly from ligroin (80°) (Found : 
C, 644; H, 5-6. requires C, 64-0; H, 5-3%); it is 

ea^y ^luble in dilute acids, but when its ligroin solution is heated 
fe(f^#*afcde^t %ime decomposition occurs. The metJiiodide is easily 
fcET^ by ti^ealhJg an acetone solution of the alcohol with methyl 
iodide^ and ei^yStfiSiistes frohi ethyl alcohol, in which it is sparingly 
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soluble, in colourless plates, m. p. 232° (decomp.) (Found : 0, 41*4 ; 
H, 5-6; I, 43*4. CioHieONI requires C, 40*9; H, 6-5; I, 43-3%). 
The chlmopUtinaU forms pale browji leaflets from alcohol, con- 
taining solvent of crystallisation, m. p. 100° (decomp.) (Found : 
Pt, 24*8. Ci 8 H 2802 N 2 ClePt, 2 C 2 H 5 ‘ 0 H requires Pt, 24-3%). 

Solid A. The combined material from three experiments (234 g.) 
was extracted with ether, leaving a solid (8 g.) which crystallised from 
alcohol in colourless prisms, m. p. 178° (Pound : C, 72-1 ; H, 8-2 ; 
N, 9-2. C 18 H 24 O 2 N 2 requires C, 72-0; H, 8-0; N, 9-3%). This 
glycol is sparingly soluble in alcohol, and both its alcoholic and 
acetic acid solutions show a blue fluorescence, whilst it gives a blood- 
red solution in sulphuric acid. When a hot acetone solution of 
the compound is treated with methyl iodide, a monomethiodide 
crystallises, and after recrystallisation from aqueous alcohol (1 : 5) 
gives colourless prisms, m. p. 232° (decomp.) (Found: C, 61-9; 
H, 6-3 ; 1, 28-6. requires C, 51*7 ; H, 6*12 ; I, 28*8%). 

On evaporation of the above ethereal extract, a colourless 
crystalline solid resulted (16 g.), which crystallised from alcohol- 
ligroin (80°) (1 : 9) in colourless needles, m. p. 113° (Found : C, 72*5 ; 
H, 8 * 0 ; N, 9-0. CigHgANa requires C, 72-0; H, 8*0; N, 9*3%). 
This glycol is easily soluble in most organic solvents, giving blue 
fluorescent solutions, and a blood-red solution in sulphuric acid. 
When its acetone solution is treated with methyl iodide, the dimeUb- 
iodide separates, which crystallises from alcohol in colourless plates 
with one molecule of alcohol of crystallisation, m. p. 97° (deoomp.) 
(Found : I, 404; 40*0. C 2 oH 3 o 02 ]Sf 2 l 2 >C 2 H 8 -OH requires I, 40*3%). 

Electrolytic Reduction ofi^-Dimethylim,iuob^ — ^A solution 

of p-dimethylaminobenzaldehyde (10 g.) in sulphuric acid (100 c.c., 
20% H 2 SO 4 ) was subjected to a current of 3 amps, in the electrolytic 
cell described in J., 1918, 113, 764. The resulting colourless acid 
solution was made strongly aUcahne, extracted with ether, and the 
extract left over-night, wdiereupon the glycol, m. p. 178° (0-5 g.), 
crystallised. When the ether was removed from the filtrate, and 
the residual oil steam-distilled, an oil rapidly passed over. This was 
extracted with ether, and the solution dried and fractionated, a 
colourless, strongly basic oil (1*3 g.) distilling at 70°/l mm. (p-Di- 
methylaminobenzyl alcohol is but sHghtly volatile in steam.) The 
compound forms a piorate, yellow needles from alcohol, m. p; 130°, 
and a methiodide, colourless prisms from alcohol, m. p. 222 °, and the 
melting points are not depressed when mixed with authentic 
specimens of the correspondiiag dimethyl-p-toluidine derivatives., 
The aqueous solution in the steam-distiUation flask was deoant^^^ 
from the viscid oil, which was again extracted with 
combined extract being saturated with sodium chloride and 
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with ether. On fractionation, ;p-dimethylaminobenzyl alcohol 
(2*0 g.) passed over at 123®/1 mm. On cooling the viscid oil in ice 
for some time, a solid crystallised out and was collected and recrystal- 
lised from ligroin, forming colourless plates, m. p, 88°, not depressed 
by admixture with 4 : 4'-tetramethyldiaminodiphenylmethane. 

UnIVBBSITY op DuBHAM, AbMSTBONG CoiiLEaE, 

Newcastue-ttpon-Tyne. \fiQceived, July SrcZ, 1928.] 


CCCXXIII , — Trypanocidal Action and Chemical Con- 
stitution. Part VIII. Derivatives of ^-Amino- 
ethyl- and y-Aminopropyl-arsinic Acids. 

By George Aleck Crocker Gough and HIarold King. 

The great success which has attended the treatment of diseases of 
protozoal and allied origin with aromatic arsenic compounds arose 
essentially from Ehrlich’s discovery that trypanocidally active 
atoxy] contains arsenic directly linked to the aromatic nucleus, and 
is, in fact, ^-aminophenylarsinic acid. From this starting point 
many aromatic arsenic compounds may be readily synthesised, and 
since these often show the active properties of the parent substance 
in an enhanced degree, the attention of chemists and pharmacologists 
has been directed almost exclusively to this type of compound. 
In the aliphatic series, the position is quite different. Apart from 
the work of the early pioneers, which had no primary therapeutic 
aim, only two important attempts have been made to develop this 
field — one by the French firm of Poulenc Fr&res and the other by 
E. Adams and his co-workers in America. The position, however, 
is still unsatisfactory, since the aliphatic compounds which have 
been hitherto examined for trypanocidal action are without the 
amphoteric characteristics which so often accompany activity in 
the aromatic series . Thus it is important that any new investigation 
in this field should include the synthesis of a series of amino-ahphatio 
arsinic acids, which, by reason of their small molecular weight and 
their similarity to the amino-acids derived from the tissues, should 
possess a greater power of penetration and a more favourable 
distribution. It was therefore decided to prepare a series of com- 
pounds of the general type EiE^-[CH 2 ]„-As 03 H 2 , where Rj and R^ 
are hydrogen, aKphatic, or alicychc radicals. Two methods of 
synthesis of such compounds suggest themselves : (a) the action 
of sodium arsenite on chloroamines of the type RiR 2 ]Sr*[CH 2 ]„*Cl 
(Meyer’s reaction), and (b) the action of amines on ohloro-acids of 
the type pl*[CH 2 ]w*As 03 H 2 . Since no acids of the latter type have 
been described, an initial examination of the first method was made, 
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but the use of p-ohloroethyldiethylamine, CHgCbCHg’NEtg, P-bromo- 
etbyldiethylamine, and methyl-^-chloroethyUiethylammonm 
chloride, [CHaCbCHg'NMeEtgjCl, under various conditions, gave no 
indication of the formation of arsinic acids. It occurred to us, 
however, in view of the similarity between >p-toluenesulphonic esters 
of aliphatic alcohols and the corresponding halide esters, exemplified 
from several aspects by Ferns and Lapworth (J., 1912, 101, 286; 
compare Kenyon, Phillips, and Turley, J., 1925, 127, 405) and by 
Clemo and Walton’s extension (this voL, p. 723) of their use to the 
Friedel-Crafts reaction, that the reactivity of aliphatic toluene- 
sulphonic esters might be applied to the preparation of aliphatic 
arsinic acids by treatment with sodium arsenite. Such indeed has 
proved to be the case, for methyl p-toluenesulphonate and sodium 
arsenite give a small yield of methylarsinic acid. In order to extend 
the scope of the reaction to two cases in which we were interested, 
an attempt was made to prepare the p-toluenesulphonyl ester of 
diethylaminoethanol and the mono-ester from trimethyleneglycol. 
In the first case the only product isolated was tetraefhylpiperaziniuim 
di-j^‘toluenesulphonate, 



characterised as its di4odide and dichhroaurate, products which 
were identical with those prepared from the product of the polymeris- 
ation of ^-chloroethyldiethylamine. In the second case the chief 
products were tHniethyleneglycol di-p4oluemsulphonate and proparie- 
Qcy’dipyridinium di-^p4olw7mulphmate, 

[C5H5N-CH,-0H2-CH2-C5H5N](C,H^ 
the latter being characterised as its dichhride, dichhroaurate, 
tetramercurichloride, and dipicrate. Meanwhile, further examination 
of this extension of the Meyer reaction has been postponed, as the 
synthesis of the required arsinic acids by method (6) has given the 
desired products. 

This alternative method of preparation raised the problem 
of the synthesis of the chloro-aliphatic arsinic acids. By the 
interaction of ethylene and arsenious chloride in the presence of 
aluminium chloride, Renshaw and Ware (J. Amer. Ohem. Soc., 1925, 
47, 2991) prepared p-chloroethyldichloroarsine, CHgCbCHa'AsCla. 
The yield obtained by following their directions is poor and the 
method, although capable of improvement, was not found con- 
venient for our purpose. As an alternative method, and one which 
would give access to the higher homologues, the synthesis of hydroxy- 
alkylarsinic acids of the type CH 2 OH-[ 0 H 2 ]„*AsO 3 Hjj was investig-, 
ated. P-Hydroxyethylarsinic acid has been prepared by 
action of sodium arsenite on ethylenechlorohydrin (Poulenc 
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B.P. 191028, 1922; Edee, J. Aiiier, OUm, Soc., 1928, 50, 1394) and 
the reaction is also applicable to the preparation of y-hydroxy- 
propylarsinic acid. WTien these syrupy acids were dissolved in 
concentrated hydrochloric acid and reduced with sulphur dioxide 
in presence of hydrogen iodide, yellow oils separated which, when 
allowed to react with a petroleum solution of thionyl chloride, gave 
^ . chloroethyldichloroarsine and y - chloropropyldichloroarsine, 
respectively. The intermediate yellow oils were purified for 
chemical examination by distillation at 0*02 mm., and were then 
found to be the complex arsenious esters resulting from the inter- 
molecular condensation of the primarily formed hydroxyalkyldi- 
chloroarsines . In particular, the di-ester of y-liydroxyjpropyldichloro- 
arsine and y-hydroxypropylarsi7tous acid was obtained pure, 

OH CsHe . 


The higher-boiling fractions, which could not be purified, were 
found to contain an even larger proportion of arsenic to chlorine, 
and thus were probably still more highly condensed compounds of 
the general formula H( 003 HeAs) 2 n~iCl 2 n> where n is the number 
of times that the condensation has been effected in the above 
case, 2 ; in the compound containing 7 arsenic atoms, 3). Analysis 
of a sample of the freshly-prepared oil, which had not been subjected 
to any heat treatment, showed that the first stage of the condens- 
ation had already taken place to a large extent. 

The interaction of y-chloropropylarsinic acid and aliphatic or 
alicyolic amines proceeds normally to yield the corresponding 
substituted amiuopropylarsinic acids. In this way, the arstoic acids 
produced by the action of ammonia, di- and tri-methylamine, 
Tz-propylamine, ?^-hexylamine, piperidine, 2:2: &4rime0iylpiperidimi 
3-oarbethoxypiperidine, 4-hydroxy-2 : 2 : 6-trimethylpiperidine, 
Z-oc-phenylethylamine, and piperazine were prepared, and from 
these a number of substitution products. Owing to the extreme 
solubility of these simple arsinic acids or their hydrochlorides in 
water, their isolation has proved a difficult problem, but almost all 
have been obtained crystalline by the use of appropriate organic 
solvents. A common impurity which complicated the isolation is 
probably the corresponding non-crystaUine y-hydroxypropylarsinio 
acid. 

The reactions of ^-cMoroethylarsinio acid ivere found to be in 
strikij^ contrast to those of its homologue. With an excess of 
sodium hydroxide, dimethylamine, or any other strong base, the 
add deoomposes completely, forming ethylene and the correspond- 
ing arsenate and hydrochloride of the base. In the case of ammonia, 
wh^e the lotion was investigated in some detail, the same decom- 
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position occurred in aqueous and alcoholic solution at the ordinary 
temperature and at 100*^. When, however, ammonia or the amine 
was added in sufficient amount to maintain the reaction mixture 
neutral to litmus, normal, and generally exhaustive, substitution 
took place without the formation of any arsenic acid. Thus, 
although it was not possible to obtain such amino-acids as p-amino- 
ethylarsinie acid, the completely substituted compounds, triethyl- 
amine~^^^^**4narsmic acid, N(CH2"CH2*As03H2)3, and methyl- 
diethylamine-^^^’diaTsinic acid, NMe(OH2*OH2*AsOsH2)2 were easily 
obtained. In the preparation of the former compound, it was 
found that the ammonia could be conveniently supplied by con- 
ducting the reaction in the presence of aqueous solutions of carb- 
amide, acetamide, or ammonium acetate, which slowly yielded the 
ammonia by hydrolysis. The reactive character of p-chloroethyl- 
arsinic acid is shown by the fact that some of the quaternary com- 
pound, dimethyldiethijlammonium cMw^ide ^^'-dmrsinic acid, 

I MeNv,^-^^CH2*CH2*As03ll2l pi 

LMe>^<.CH 2 -CH 2 -As 03 H 2 j^^ ’ 

is formed in the preparation of ^-dimethylaminoethylarsinic acid. 
The substituted arsinic acids from trimethylamine, piperidine, and 
piperazine were also prepared, the last forming the disubstituted 
piperazine, 

As 03 Hj-CH 2-CH2*N<3 hJ;§]^ 2 >n.cH 2 -CHj*As 03H2 . 

Wh^t p-oUoroelihyldicMoroaraine andy-chloropropyldichloroarsine 
are oils, many of the amphoteric arsinio acids of both series (ethyl 
and propyl) form cr3^talline dichloroarsine hydrochlorides when 
sulphur dioxide is passed into a solution of the amphoteric arsinic 
acid in concentrated hydrochloric acid in the presence of a little 
hydriodio acid. 

The instability of p-chloroethylarsinic acid towards bases recalls 
the reactions of p-chlorovinylarsinic acid (Mann and Pope, J., 
1922, 121, 1764), in which acetylene and sodium chloride and 
arsenate are formed by the action of sodium hydroxide. Since the 
use of caustic alkaU in the hydrolysis of y-chloropropylarsinic acid 
yields no arsenic acid, the ease of decomposition must be connected 
in some way with the presence of the chloro-group in the ^-position 
to the arsinio acid grouping. This particular case of instability 
may be explained as an example of a general tendency of all arsinic 
acids. It seems probable that in alkaline solution the arsenic atom 
in arsinic acids tends to exert a higher co-ordination number than the 
normal (four), and yields complex ions by combination with one <^r, 
two hydroxyl ions in which it has an outer electron shell of 10 (*,,^4 


[E-As^O(OH) 3]' and [R-As->0(0H)43" 
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Examples of the formation of stable compounds of a similar type 
are well known; tripyrocatechylarsinic acid 



(Rosenheim and Plato , Ber . , 1925, 58, 2000) . In such complex ions the 
arsenic-carbon linking will be weakened owing to the drift towards 
the carbon atom of the electron pair constituting that lin k ing, caused 
by the negatively charged arsenic atom. If some decomposition 
can now take place which will result in the loss of two electrons from 
the alkyl radical (e.gr., the removal of a negative ion), then the two 
electrons forming the arsenic-carbon linking will move into the 
position between the a- and p-carbon atoms, with the resultant 
production of a double linking at this point. In the case of P-chloro- 
ethylarsinic acid, at this stage the hypothetical co-ordination 
compound, 

H H 

:ci:c : c: as(oh)'3, 

• • •• 

H H :o: 

consists virtually of intramolecularly ionised ethylene (Lowry, 
J., 1923, 123, 822) combined with a chlorine ion and electrically 
neutral arsenic acid — a system which may easily become arranged 
into its components when the chlorine ion is removed under 
the influence of the sodium ions present in the solution. A similar 
explanation applies to the decomposition of p-chlorovinylarsinic acid. 

In the case of y-chloropropylarsinio acid, although the complex 
ion may be formed and the chlorine ion removed from it, the electron 
pair between the arsenic and the a-carbon atoms cannot move along 
the carbon chain to complete the octet of the terminal carbon atom, 
since that movement would involve the formation of a ten-electron 
system around the p-carbon atom. Completion of the y-carbon 
octet therefore takes place in the normal way by the addition of a 
hydroxyl ion, with the consequent formation of y-hydroxy- 
propylarsinic acid. 

Therapeutic Resvlts and Considerations. 

Out of more than two dozen compounds described in this com- 
munication, aU of which contain one of the groups 

>N-CH2-CHa-As03H2 or >N-0Ha-CH2-0H2-AsO3H2, 
only two proved to have any therapeutic activity, and that of a 
trivial nature, when tested on experimental infections of Trypano- 
sonva equiperd/mi in mice. These were triethylamiae-pp'p"-tri- 
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arsinic acid, N(CH 2 *CH 2 *As 03 H 2 ) 3 , and y-piperidinopropylarsinic 
acid, C 5 HioN’CH 2 *CH 2 *CH 2 *As 03 H 2 . For the former the maximum 
tolerated dose is 2*6 mg. per g. of mouse, and with a dose of 2*0 mg. 
the trypanosomes disappear from the peripheral blood of infected 
mice, but relapse occurs in 6 days; whereas for the latter the 
tolerated dose is 1-0 mg., and with 0-75 mg. a similar temporary 
“ cure ’’ is followed by relapse in 7 days. The latter compound 
lends itself to chemical development, but although piperidine was 
replaced by 2:2: 6-trimethylpiperidine, 3-carbethoxypiperidine, 
4-hydroxy-2 : 2 : 6-trimethylpiperidine, and piperazine, and the 
propyl group by the ethyl group, producing structures of similar 
build, there was no sign of any therapeutic activity. The results 
are surprising, for the majority of the compounds prepared and 
tested were amphoteric and extremely soluble in water — ^properties 
which should have ensured a favourable distribution in the mam- 
malian tissues. 

In seeking to arrive at some interpretation of this lack of activity, 
many possibilities arise, but two seem to us to be of predominant 
importance. Accepting the postulate that the main trypanocidal 
activity of active arsinic acids is due to their reduction to the 
corresponding oxides by the tissues, it was pointed out in Part V of 
this series, where another inactive series was encountered (Hewitt, 
King, andMurch, J., 1926, 1355; compare also Durham, Marchal, 
and King, J. PhcCrm. Exp, Ther., 1926, 28, 349), that the evidence 
was all in f avoiir of the view that the inactivity of a series of aromatic 
arsinic acids containing the sulphonamide group, when compared 
with their analogously constituted active acids containing the amide 
group, was due to their non-reduction by the tissues to the corre- 
sponding oxides. In other words, these sulphonamide acids lay 
outside the zone of reduction potential of the tissues. In fact, our 
view is that variation of the chemotherapeutic index of derivatives 
of phenylarsinic acid is in part due to the variation in reduction 
potential produced by various substituents in the o-, m-, and 
p-positions, just as Conant and Fieser (jr. Amer. Ghem, Soc,, 1924,f 
46, 1881) found that the reduction potential of quinones varies with 
introduction of substituents. All the acids described in this com- 
munication contain aliphatically bound arsenic with a chain of at 
least two methylene groups attached to the arsinic acid, and it may 
be that such acids are inherently dij06lcult to reduce and that the 
effect on the reduction potential of wide variation of the remainder 
of the molecule is lost by the buflEering effect of the ethylene or 
propylene chains. 

The other possibility is that these acids are excreted from the 
system too readily, owing in part to their strikingly great aqu60|il^/ 
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solubility, and in part to their lack of substantive properties for the 
tissues. This substantive effect of efficient medicaments, which 
keeps them in the body for long periods and allows them to exert a 
persistent and continuous action, has been emphasised in the case 
of Bayer 205 and its analogues (Balaban and King, J., 1927, 3078), 
and it undoubtedly plays an important part in the action of arsenicals 
(Durham, Marchal, and King, he. cit.). Thus the superior activity 
of arseno-compounds over arsinic acids, of silver salvarsan over 
salvarsan, and of zinc sulpharsenol over sulpharsenol, on experi- 
mental trypanosome infections in mice, is possibly associated with 
such longer persistence in the body. The activity of aromatic 
arsinic acids and the inactivity of aliphatic arsinic acids may be 
due to an inherently great substantivity of the aromatic nucleus. 
It may be, on the other hand, that the substantivity of aromatic 
arsinic acids arises from the fact that, as previously suggested, 
ihey come within the zone of reduction potential of the tissues, 
and are accordingly reduced to the reactive oxides, and stored as 
such by condensation in a reversible form, whereas the aliphatic 
arsinic acids are non-substantive because they are outside the reduc- 
tion potential of the tissues, and cannot therefore be stored as the 
potentially active oxides. 

It is of interest that Castelli {Arch, ScJdjf, Trap. Hyg,y 1912, 46, 
605), working in Ehrlich’s laboratory, found mono- and di-methyl- 
arsittic acids inactive on experimental trypanosomiasis in mice, a 
fact confirmed for methylarsinio acid in our laboratories, and that 
Ritz {Arch, Iniermt. Pharmacodyn., 1923, 27, 67) found allylarsinic 
acid to have no curative action on trypanosome infections in mice. 
On the other hand, Ritz foxmd that the latter effected a temporary 
disappearance of Trypanosoma brucei in rats, on which methyl- and 
dimethyl-arsinic acids were inactive, whereas Voegtlin and Smith 
(J, PMrm. Exp, Ther., 1920, 16, 449) found methyl- and ethyl- 
arsinic acids to possess a definite action on T. eguiperdnm in rats. 

We are deeply indebted to Miss P. M. Durham and Miss M. Hill, 
of this Department, for the painstaking care with which they have 
carried out the whole of the biological experiments on the toxicities 
of the individual arsinic acids. 

Expebimbntal. 

^•Chhroethylarsinic Acid and DerivaAwes. 

P - Hydroxyeihylarsinic Acid, CH 20 H'CH 2 ’As 03 H 2 . — Ethylene 
chlorohydrin (80 g.) was slowly added to a solution of arsenious 
oxide (100 g.) and sodium hydroxide (120 g.) in water (300 c.c.) 
(compare B.P,, 191028, 1922 ; Adams and Quick, J. Amer. Ghem. 
8oc,, 1922, 44, 811 ; Edee, ibid., 1928, 50, 1394). The mixture was 
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cooled and shaken during the addition in order to avoid loss of the 
chlorohydrin as ethylene oxide. After standing for 12 hours, the 
whole was warmed on the water-bath for 30 minutes, diluted with 
water (1500 c.c.), rendered acid with hydrochloric acid (Congo 
paper), and evaporated until a copious deposit of salt and arsenious 
oxide had separated. The solid was removed, washed twice with 
96% alcohol, the united filtrates evaporated to dryness at 50°, and 
the residue extracted with alcohol (100 c.c.). On removal of the 
alcohol, a viscous syrup of crude P-hydroxyethylarsinic acid was 
left. Contrary to the statement of Edee c^^.), this acid on 
treatment with a hot ammoniacal solution of calcium chloride 
yields a sparingly soluble calcium salt, crystallising from dilute 
solution in hexagonal leaflets (Found : Loss at 100°, 9*0 ; Ca, 17*1 ; 
As, 32*7, 33-6, 33-7. C 2 H 504 AsCa,H 20 requires HgO, 8-0 ; Ca, 17*7 ; 
As, 33*2%). 

^-Chhroethyldichloroarsine, CHgCbCHg'AsClg. — Crude P-hydroxy- 
ethylarsinic acid, prepared from 100 g. of ethylene chlorohydrin, 
was dissolved in concentrated hydrochloric acid (350 c.c.), potassium 
iodide solution (4 c.c. N) added, and the solution treated with 
sulphur dioxide below 50° until saturated. After standing for 48 
hours, the lower layer was removed and dried by solution in carbon 
tetrachloride, followed by removal of the solvent by distillation. 
The crude oil (140 g.) was then mixed with an equal volume of light 
petroleum, and thionyl chloride (127 c.c.) added slowly. When 
the reaction ceased, the product was distilled first at ordinary 
pressure and finally under reduced pressure. In this manner there 
were obtained arsenious chloride, b. p. 39 — 41°/30 mm. (44 g.), and 
P-chloroethyldichloroarsine, b. p. 92 — 93°/32 mm. (60 g.). Renshaw 
and Ware (J, Amer, Chem. Soc., 1925, 47, 2991) give b. p. 90 — 
93°/30 mm. 

In repeating the preparation of p-chloroethyldichloroarsine from 
ethylene and arsenious chloride by the method of Renshaw and 
Ware (he. cit.), it was found that the yield of product was very 
sensitive to slight alterations in the conditions of experiment. In 
one case in which freshly-distilled arsenious chloride (220 g.) and 
powdered, freshly sublimed aluminium chloride (29 g.) were treated 
with ethylene at 0°, an increase in weight of 27 g. was recorded with 
formation of p-chloroethyldichloroarsine (15 g.). Similar experi- 
ments were tried (a) with twice the above amount of aluminium 
chloride, and (6) with absorption of the ethylene at 60 — 60°. Whilst 
in both these cases a larger increase in the volume and weight was 
observed, the yield when the product was worked up by Renshaw 
"and Ware’s method was not appreciably altered. It was found,* 
how^ever, that a consistent yield (30 g.) could be obtained by 
4l 
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the condition (6), provided the method of isolation was modified 
(compare Green and Price, J., 1921, 119, 449). The reaction mixtm'e 
was poured into ice-cold 4iV -hydrochloric acid and evaporated under 
reduced pressure, the excess of arsenious chloride and the dichloro- 
amine volatilising without hydroljTsis. The last portions of the 
dichloroarsine (often considerable) may be removed from the tarry 
residue by distillation in a current of the vapour of 4iV’-hydrochloric 
acid at 100° and 30 mm. The carbon tetrachloride extract of the 
total distillate was distilled to remove traces of water, and the 
residue distilled in a vacuum. The carbon tetrachloride extracts 
and the arsenious chloride underwent the curious sequence of colour 
changes noted by Renshaw and Ware ; it is of interest that no trace 
of these coloured compounds was formed in the preparation of 
p-chloroethyldichloroarsine from g-hydroxyethylarsinic acid, 

^-Chloroethylarsinic Acid. — Oxidation of the above dichloroarsine 
with nitric acid, by the method used by Pope and Mann (J., 1922, 
121 , 1754) for the corresponding vinyl derivative, causedconsiderable 
decomposition; oxidation with chlorine in the presence of water, 
however, gave the chloro-acid in good yield, P-Chloroethyldichloro- 
arsine (57 g,) was suspended in water (228 c.c.) and dissolved by the 
passage of chlorine below 50°, On repeated evaporation of this 
solution with water at 60°, followed by crystallisation of the residue 
from acetone, ^-chlaroethylaTsinic acid, m. p. 134 — 135° (35 ^.), "was 
obtained as pearly plates (Pound : As, 39*5. C 2 He 03 AsCl requires 
As, 39*8%). The maximum tolerated dose per g. of mouse is 0*2 mg. 

Triethylamine-^^'^*'4riwrsinic Acid. — p-Chloroethylarsinic acid 
(5 g.) and carbamide (6*3 g.) were heated on the water-bath with 
sufficient water to render the whole liquid. More water was added 
from time to time to liberate ammonia by hydrolysis of the carb- 
amide. The reaction was discontinued when a sample contained 
no im-ionised chlorine (detected by treating a sample with excess of 
silver nitrate and nitric acid, filtering from silver chloride, and 
boiliag the filtrate with excess of potassium hydroxide to hydrolyse 
any unreacted chloro-acid; this test was employed throughout the 
preparations). After excess of carbamide had been removed by 
extraction with boiling ethyl alcohol (30 c.c,), the residue was 
dissolved in water (15 c.c.) and made neutral to Congo paper. On 
cooling, clusters of needles of tnethyhmim-^^'^''4riarsinic acid, 
m. p. 184 — 185®, separated (4-1 g.) (Found : As, 47-7 ; IST, 2*7. 
CgHi^O^NAsg requires As, 47'6; N, 2*9%). The acid yields 
erystaJliie calcium and barium salts on treatment in ammoniacal 
solution with calcium and barium chlorides ; the magnesium salt 
is more soluble and is amorp^us. The acid is also obtained by the * 
use of acetamide or ammonium acetate as sources of ammonia. 
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MethyUiethyT^7nine-^^'-diarsinic Acid. — p-Chloroethylarsinic acid 
(3 g.) and water (2 o.c.) were heated to 100®, and methylamine (33% 
aqueous solution) added from time to time to keep the whole neutral. 
When all the chlorine was ionised (15 hours), the mixture was neu- 
tralised with hydrochloric acid (Congo paper), evaporated to 
dryness, and freed from methylammonium chloride by boiling with 
ethyl alcohol. The residual gum soMified after prolonged manip- 
ulation and was crystallised from a mixture of water and alcohol. 
Metihyldiethyhmim-^^**diarsinic acidy m. p. 192 — 194®, thus obtained 
forms rectangular plates (1*9 g.) (Found : As, 42-5 ; N, 3*8 ; loss 
on heating at 90®, 5-2, 5*1. C5H3^506NAs2,H20 requires As, 42*5; 
N, 4*0 ; HgO, 5*1%). The maximum tolerated dose is 1*6 mg, 

^•Dimefjkylammoethylarsimc Acid and DimethyMiethylammoniu7n 
Chloride pp'-Dmmmc Acid, — P-Chloroethylarsinic acid (6 g.) was 
treated with dimethylamine in a similar manner to that employed 
in the previous preparation. When the reaction was complete 
(20 hours), the mixture was acidified with hydrochloric acid, evapor- 
ated, and freed from dimethylammonium chloride by boiling with 
chloroform. The residue was dissolved in the minimum volume of 
water, and alcohol added so long as a precipitate formed. Crystal- 
lisation of this precipitate (0*5 g.) from a mixture of alcohol and water 
yielded compact masses of dimethyUiethyla/inm>mu'm chloride 
pp'-diamme acidy m. p. 178® (Found : N, 3*8 ; Cl, 9*4. CgHigO^NAsgCl 
requires N, 3*8 ; 01, 9*2%). The maximum tolerated dose is over 
3 mg. 

The alcoholic filtrate from the above was concentrated to a small 
volume (10 c.c.), and acetone (120 o.c.) slowly added. The precipi- 
tate, on crystallisation from ethyl alcohol, yielded ^-dirmthylammo^ 
ethylarsinic acid hydrochloride^ m. p. 138 — 140® (4*9 g.) (Found : 
N, 6*0; Cl, 15*2. 04 Hi 203 NAs,HCl requires N, 6*0; 01, 15*2%). 

The above quaternary ammonium compoimd is more readily 
prepared by the direct interaction of the appropriate reagents. 
P-Dimethylaminoethylarsinic acid (0*23 g.) and p-chloroethylarsinio 
acid (0*4 g.) were melted together at 100® by the addition of a few 
drops of alcohol and heated for 2 days. Solution of the melt in 
water, followed by the addition of alcohol, yielded the required 
compound (0*3 g.), identical with that previously prepared. 

^’DirnMhyUmimethylarsinic Acid Methochloride, — P-Chloroethyl- 
arsinic acid (4*9 g.) was treated with trimethylamine according to 
the method used above. When the reaction was complete, the 
mixture was dried, the trimethylammonium chloride removed by 
boiling ethyl alcohol (20 c.c.), and the residue crystallised from 
methyl alcohol. ^-DimethylaminoethylarsiniG acid melkocMoride^ 
m. p. 187—188® (evolution of gas), thus obtained forms elongated 
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plates (Found: N, 5-7. C 5 H 15 O 3 NASCI requires N, 5*7%). The 
maximum tolerated dose is less than 0*05 mg. 

^’Piperidinoethylarainic Acid, — P-Chloroethylarsinic acid (7 g.) 
was dissolved in ethyl alcohol (15 c.c.), and piperidine added until 
the mixture was neutral to litmus ; it was then refluxed, and after 
3 hours the reaction again adj usted to neutrality. When interaction 
had ceased ( 6 hours), the excess piperidine was removed by basification 
with sodium hydroxide, followed by evaporation under reduced 
pressure at 60® until the distillate contained no amine. The residue 
was made acid with hydrochloric acid, dried, and extracted with 
boiling ethyl alcohol. Upon concentration of the extract, ^-piperi- 
diiwethylarsinic acid hydrochloride, m. p. 155 — 157°, separated as 
lustrous plates (7*5 g.) (Found: Cl, 13*0; N, 6*2. C 7 Hie 03 NAs,HCl 
requires Cl, 13*0 ; N, 5*1%). 

For the preparation of the corresponding dichloroarsine, the 
piperidino-acid (1*5 g.) was dissolved in concentrated hydrochloric 
acid (4 c.c.) containing a trace of potassium iodide and reduced by 
passing in sulphur dioxide for 15 mins. The copious precipitate was 
removed and recrystallised from 2 ^-hydroohloric acid. p-Pi^en- 
dinoethyldichloroarsme hydrochloride thus obtained forms square 
plates, m. p. 126 — 127° (evolution of gas), soluble in water and in 
ethyl alcohol (Found : As, 26*1. C^HigNAsClg requires As, 25*6%). 
By treatment of this dichloroarsine, dissolved in water (0*9 c.c.), 
with a saturated aqueous solution of potassium iodide ( 2*5 c.c.), 
added drop by drop, bright yellow crystals of ^-piperidinoethyldi- 
iodoarsine hydriodide, m. p. 158 — 159°, were obtained (Found : 
As, 13*1. C 7 H 15 NASI 3 requires As, 13*2%). This substance 
dissolves in either water or ethyl alcohol with formation of a 
colourless solution. 

'Piperazinedi-^^^ •‘Cthylarshiic Acid, — p- Chloroethylarsinic 
acid (3 g.) was treated with piperazine hydrate until neutral to 
litmus, and the resulting mixture heated on the water-bath. The 
reaction was readjusted to neutrality after 5 hours. A slight trace 
of im-ionised chlorine persisted after 20 hours’ heating. The 
liquid was concentrated to 10 c.c. and acidified with hydrochloric 
acid. When the sides of the vessel were rubbed, hexagonal plates 
of WS'-pipera^m^i-^^^’Cthylm acid dihydrochloride separated. 
For analysis and physiological assay, they were reorystaUised from 
15 C.C. of boiling water; yield, 2*3 g. (Found : As, 32*2 ; Cl, 16*4. 
C 8 H 2 o 06 N 2 -^ 2 > 2 HC 1 requires As, 32*4; Cl, 15*3%). This salt is 
unmelted at 280°, but darkens progressively from 220 ° upwards. 
The maximum tolerated dose is 2-6 mg. 

^-Ghhfoe&yldiefhylmiine, OH 2 Cl-CH 2 -N'(C 2 Hs) 2 , was prepared by 
a modification of the method given in B.P., 167781 of 1921. 
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P-Diethylaminoethanol (69 g.), dissolved in chloroform (100 c.c,), 
was added slowly to a mixture of thionyl chloride (120 g.) and 
chloroform (600 c.c.) cooled to —5®. After standing for an hour, 
most of the chloroform was removed on the water-bath, and the 
residue evaporated twice with alcohol under reduced pressure. 
Crystallisation of the product from alcohol-ether gave stout needles 
of p-chloroethyldiethylamine hydrochloride, m. p. 210 — ^211® (69 g.). 
Concentration of the mother-liquors gave a further quantity (13 g,). 
Treatment of the amine hydrochloride (0*6 g.) in water (5 c.c.) with 
a hot saturated solution of picric acid ( 0*68 g.) in water yielded the 
picrate, m. p. 116 — 117®, which crystallised in a compact form from 
hot solutions, and in needles from cooler solutions. The chloroaurate, 
m. p. 68 — 71° (somewhat indefinite), crystallises from .W-hydrochlorie 
acid in hexagonal tablets (Found: Au, 41*1. CgHi 4 NCl,BLAuCl 4 
requires Au, 41*4%). When the free amine, b. p. 51 — 52®/16 mm., 
was kept with an equal volume of absolute alcohol, crystals of 
1 : 4-tetraethylpiperazinium dichloride (1 g.) separated, which, when 
treated with saturated potassium iodide solution (2*5 g. KI), yielded 
elongated plates of the corresponding di-iodide, identical with that 
obtained by the interaction of P-diethylammoethanol andp-toluene- 
sulphonyl chloride (see below). No indication of the formation of 
arsinic acids was obtained by the treatment of p-chloroethyldiethyl- 
amine with sodium arsenite under the conditions employed for the 
preparation of p-hydroxyethylarsinic acid (see above). The amine 
was largely unattacked, but small amounts of p-diethylaminoethanol 
and of an unsaturated amine were detected. 

Methyl -p- chloroethyUiethylammonium Iodide. — Upon mixing 
P-chloroethyldiethylamine (26*3 g.) with methyl iodide (3*6 g.) an 
immediate turbidity was produced and after \ hour the whole 
became solid. The excess of methyl iodide was then removed and 
the residue (51 g.) crystallised from methyl alcohol. 

iodide thus prepared crystallises in 
colourless plates, m. p. 219 — ^220®, which are slightly deliquescent 
and tend to become yellow or red on exposure to air, when wet with 
solvent (Found: I, 46*1. C 7 H 17 NCII requires T, 45*7%). When 
treated with sodium hydroxide solution (60%), a concentrated 
solution of the quaternary salt (80%) yielded an oil, which became 
soKd when the alkali was added in excess. This was found to be 
the original quaternary iodide liberated unchanged from solution 
by the salting out ’’ effect of the sodium hydroxide. Saturated 
solutions of sodium carbonate and of potassium acetate, but not 
those of calcium or barium chloride, exert a similar effect. 

chloride was 

treating a solution of the iodide (23*6 g.) in water (100 
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fresUy prepared silver chloride (28 g.) for 20 minutes. The silver 
iodide was then removed and the liquid stirred with a further 
quantity of silver chloride (12 g.) for 1 hour to ensure complete 
conversion. Removal of the water and the silver halides yielded 
the chloride as a mass of highly deliquescent needles, part of which 
was converted into the cMoroaurate, m. p. 202 — ^204®, which crystal- 
lised from O-SiT’-hydrochloric acid in fine needles (Found : Au,40‘3. 
C^HiyNCIjAuCI^ requires Au, 40*3%). No arsinic acid could be 
isolated by interaction of this chloride and sodium arsenite. 

Reaction betioeen Sodium Arsenite and Methyl-p-Toluenesulphoriate, 
— ^Methyl jp-toluenesulphonate (14-2 g.) was stirred at 100® with arsen- 
ious oxide (7*2 g.) dissolved in 22 c.c. of lO.ST’-sodium hydroxide for 
3 hours, li^en cool, the sodium ^-toluenesulphonate was removed, 
and the filtrate treated with just insufficient alcohol to precipitate 
an oil. On keeping, a small crop of sodium methylarsinate separated 
in rhombs mixed with fine needles of sodium toluenesulphonate. 
These could be separated mechanically, and the sodium methyl- 
arsinate agreed in all its properties with a specimen prepared from 
methylarsinic acid. It is, however, preferable to isolate methyl- 
arsinic acid as its calcium salt. After removal of .sodium toluene- 
sulphonate, the reaction mixture was made slightly acid to Congo 
paper and evaporated to dryness. On dissolving the residue in 
water, arsenic trioxide remained undissolved and could be com- 
pletely eliminated by repetition of the process. Wholly crystaUine 
calcium methylarsinate (1*5 g.) could then be precipitated from a 
hot ammoniacal solution by excess of calcium chloride. For 
analysis, the product was dissolved in hydrochloric acid, treated with 
calcium chloride and reprecipitated from hot dilute solution by 
excess of ammonia. It then crystallised in microscopic plates 
(Found : Ca, 20‘3, Calc, for CH 303 AsCa,H 20 : Ca, 20*6%) having 
the formula given by Klinger and Kreutz {Anryalen^ 1888, 249, 152). 

Interaction of 'p-Toluenesulphonyl Chloride and ^-Diethylamino- 
ethanol. — ^Dry diethylaminoethanol (5*8 g.) was treated with a 
solution of p-toluenesulphonyl chloride (9-5 g.) in benzene (30 c.c.) 
at After standing over-night, the solid which had separated 
was removed and crystallised from ethyl alcohol. In this way there 
were obtained elongated, hexagonal plates of tetraethylpiperazmium 
di-p-toluenesulphonate, m, p. 300^ — 301® (decomp.) (Found ; N, 6’4. 
C 26 H 42 OSN 2 S 2 requires N, 6*2%). Upon treatment of this salt 
(1 g.) with a saturated solution of potassium iodide ( 2*6 g.) in water, 
long needles of the corresponding di-iodide, unmelted at 300®, 
separated (Found : I, 55*7 ; N, 6*1. Oi 2 H 2 gN 2 l 2 requires I, 66*9; 
N, 6 * 2 %). Treatment of the di-j9-toluenesulphonate (0*1 g.), 
dissolved in hot 2^-hydrochloric acid (40 c.c.), with auric chloride 
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gave large, square plates of tetraethylpiperazinium dichloroaumte 
(Found : Au, 46-0. Ci 2 H 28 N 2 Au 2 Clg requires An, 44-9%). Both 
this substance and the iodide were found to be identical with the 
corresponding derivatives prepared from the tetraethylpiperazinium 
dichloride (see above) formed by the polymerisation of free p-chloro- 
ethyldiethylamine. The specimen of the chloroaurate prepared 
in this way gave similar figures on analysis (Pound : Au, 44*9%). 

y>>€MoTopropylar8inic Acid and Derivatives. 

y'^TrimethyUne Ohlorohydrin. — ^Preparation of the chlorohydrin 
from trimethylene glycol and hydrochloric acid by the method of 
Hultman, Davis, and Clarke (J. Amer. Ohem. Sac., 1921, 43, 369) 
was found not as satisfactory as the following process based on the 
method used by Carius (Annalen, 1862, 124, 257) for the preparation 
of ethylene chlorohydrin: Sulphur monochloride (2200 g.) was 
added with vigorous stirring to trimethylene glycol (1000 g.) heated 
to 70°, at such a rate that the evolved gases could be easily absorbed. 
After stirring for a further 2 hours, the mixture was cooled and 
filtered jErom suspended sulphur. Distillation of the filtrate yielded 
impure trimethylene dichloride (40g.) and trimethylene chlorohydrin, 
b. p. 74_76°/23 mm. (850 g.). 

y-Hyd/roxypropylarsinic Acid. — ^Trimethylene chlorohydrin (95 g.) 
was stirred with sodium arsenite solution (100 g. AS 2 O 3 and 120 g. 
NaOH dissolved in 300 c.c. of water) at 60—60° until homogeneous. 
The liquid was then diluted with an equal volume of water, neu- 
tralised to Congo paper, and evaporated to dryness at 60°. Extrac- 
tion of the residue with hot alcohol (160 c.c.) yielded, after removal 
of the alcohol, a syrup of impure y-hydroxypropyla/rsinic acid. This 
acid yields a crystalline calcium salt (Found : As, 33*2. C 3 H 904 AsCa 
requires As, 33-8%). 

y-ChloropropyUichloroarsine. — y-Hydroxypropylarsinic acid (from 
95 g. of trimethylene chlorohydrin) was dissolved in concentrated 
hydrochloric acid (250 c.c.), containing potassium iodide (0-3 g,), 
and sulphur dioxide passed to saturation, the temperature being 
kept below 40°. After standing for 2 days, the lower layer (85 g.) 
was separated and dried by distilling carbon tetrachloride from it. 
It was then mixed with light petroleum (90 c.c.), and thienyl chloride 
(56 c.c.) added with cooling and agitation. After refluxing for 2 
hours, the petroleum was removed and the residue distilled. In this 
manner there were obtained arsenious chloride, b. p. 46° /32 mm. 
(13 g.), and y-cMoropropyUicMoToa/rsine, b. p. 120 — 122°/16 mm. 
(70 g.) (Pound : As, 33‘5. CgHgAsClg requires As, 33*6%). 

y-Ohhropropylarsinic Acid. — Chlorine was passed into a suspenlslcto 
of y-chloropropyldichloroarsine (40 g.) in water (160 g.) until soltitl^ 
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was complete. By repeated evaporation of the solution with water, 
followed by crystallisation of the residue from water, elongated 
hexagonal plates of y-chloropropylaTsinic acid, m. p. 146 — 148®, were 
obtained (Found: As, 37-1. CgHgOgAsCl requires As, 37*0%). 
This acid yields crystalline barium and calcium salts with ammoniacal 
barium and calcium chlorides. The maximum tolerated dose is 0*1 mg. 

The Reaction between y-Hydroxypropylarsinic Acid and Sulphur 
Dioxide, — ^The oil which separated when the hydroxy-acid was 
treated with sulphur dioxide in hydrochloric acid solution was dried 
as already described. Complete decomposition occurred at 140® 
when the oil was heated at 15 mm. ; at 0*15 mm., however, there was 
little decomposition and the crude product (16 g.) gave a very 
volatile substance (arsenious chloride), a light yellow, mobile liquid, 
b. p. 34 — 35® (8*5 g.), a darker liquid, b. p. 35 — 76®, and a residue 
(5*2 g.). The second fraction was redistilled, b. p. 35®/0*l& mm., and 
left only a minute residue. Analysis showed it to be the di-ester of 
y-hydroxypropyMichloToarsme and y-hydroocypropylarsinous acid, 
(AsCl 2 'C 3 Hg- 0 ) 2 As*C 3 H 6 ' 0 B[ (Found: As, 41*3; Cl, 26*6. 
C 9 H 19 O 3 AS 3 CI 4 requires As, 41*5; Cl, 26*2. y-Hydroxypropyl- 
dichloroarsine, C 3 H 7 OASCI 2 , requires As, 36*6; Cl, 34*6%). The 
third fraction and the residue appeared to contain small amounts of 
more complex condensation compounds (Found : In the third 
fraction. As, 41*3 ; in the residue, As, 42*3%). The ester, b. p. 
35®/0*16 mm. (10 g.), on treatment with thionyl chloride (8 c.c.) at 
0° yielded finally y-chloropropyldichloroarsine (4*9 g.). 

y-Aminopropylarsinic Acid, — y-Chloropropylarsinic acid (7 g.) was 
found to react completely with ammonia {d 0 - 88 ; 60 c.c.) without 
the production of arsenic acid, when heated at 110 ® for 8 hours. 
After the excess of free ammonia had been removed by warming 
imder reduced pressure, the product was made alkaline with sodium 
hydroxide and distilled at 50® until the distillate was neutral. The 
residue was then made acid (Congo paper) with hydrochloric acid, 
evaporated to dryness, and the organic matter separated from the 
salt by extraction with alcohol. After removal of the alcohol, the 
residue was dissolved in water, neutralised to litmus paper with 
sodium hydroxide, evaporated to dryness, and extracted with pure 
methyl alcohol. Gradual addition of acetone to the extract yielded 
the amino-acid which was now sparingly soluble in methyl alcohol. 
It was freed from a trace of a substance containing ionic chlorine 
by boiling with a little methyl alcohol. y-Aminopropylarsinic acid, 
m. p. 212 — ^214® (evolution of gas), obtained in this way, forms 
compact, microscopic prisms which are extremely soluble in water, 
but insoluble in ethyl alcohol (Found: ST, 7*5. C 3 H 10 O 3 NAS 
requires N, 7*6%), The maximum tolerated dose is 0*4 mg. 
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y-DimethylmfiiiMpropyl^^ Acid, — y-Chloropropylarsinio acid 
(6 g.) was heated with a methyl-alcoholic solution of dimethylamine 
(6 c.c. of 33%) at 110° for 8 hours and the excess of amine removed 
by distillation with sodium hydroxide solution under reduced pres- 
sm'e. The residue was acidified with hydrochloric acid, evaporated 
to dryness at 50°, and extracted with alcohol. Gradual addition 
of acetone to this gave a precipitate, which was removed and 
reorystallised from ethyl alcohol (6 c.c.). y-Dimethylamimpropyl-- 
arsinic acid hydrochloride, m. p. 108 — 110°, thus obtained forms 
slightly deliquescent nee^es (Found : Cl, 14*4 ; N, 6*7 ; As, 30*4. 
C 5 Hi 403 NAs,HC 1 requires 01, 14*3; N, 5*7; As, 30*3%). The 
maximum tolerated dose is 0*4 mg. 

y-Dimethylamiiwpropyla/rsiriic Acid Methochloride, — ^The chloro- 
acid (6 g.) was heated with trimethylamme (30 c.c. of 33% aqueous 
solution) at 100°. After 3 hours the water and excess of amine were 
removed and the residue extracted with chloroform (30 c.c.) to 
remove trimethylammonium chloride. The residue, which solidified 
on being kept for 2 days, was dissolved in the minimum volume of 
water at 70°, and ethyl alcohol added at that temperature until a 
turbidity was produced. On cooling, compact prisms of y-dvmethyh 
aminopropylarsinic acid methochloride separated, m. p. 174 — 176° 
(Found : Cl, 13*6 ; N, 6*4. CgHi^OgNAsCl requires Cl, 13*6 ; 
N, 6*4%), which did not yield a sparingly soluble picrate or chloro- 
aurate. The maximum tolerated dose is 0*3 mg, 

y-TL-Propylmmrt^ Acid, — y-Chloropropylarsinic acid 

(6 g.) was refluxed with alcohol (40 c.c.) and ?i-propylamine (10 g. ; 
6 mols.) for 12 hours. When the reaction was complete, the excess 
amine and alcohol were removed, first by distillation alone and 
then with sodium hydroxide under reduced pressure. The residue, 
when acidified with hydrochloric acid, dried, and extracted with 
alcohol, yielded y-n’propylmni7i/)propylarsinic acid hydrochloride, 
m.p. 210—212° (Found : As, 28*2 ; N, 6*3 ; Cl, 13*6. 0eHieO3NAs,HCl 
requires As, 28-6; N, 5*4; Cl, 13*6%). The maximum tolerated 
dose is 0*6 mg. The acid, prepared by treatment of the hydrochloride 
(0*47 g.) with sodium hydroxide (1 mol.) followed by evaporation 
to dryness, was extracted from the residue with methyl alcohol 
(2 c.c.) ; on addition of ethyl alcohol (12 c.c.), in which it is insoluble, 
needles of y-n-propylaraimpropylarsinic acid, m. p. 222 — 224°, 
slowly separated (Found : N, 6-1. C^HigOgNAs requires N, 6*2%). 
The acid is neutral to litmus, and yields a white, basic arseno-com- 
pound on warming with hypophosphorous acid containing a trace 
of potassium iodide. 

m-Nitrobenzopropylamidopropylarsinic Acid. — y-w-PropylamiAf^ ^ 
propylarsitiic acid hydrochloride (1*5 g.), dissolved in 
4l2 
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hydroxide (9 c.o.), was shaken with powdered m-nitrobenzoyl 
chloride (1*45 g,). After 10 minutes equal additional quantities 
of the latter two reagents were introduced. After further shaking, 
the mixture was acidified with hydrochloric acid and the resultant 
system of oil, solid, and water extracted thrice with ether. The 
oil and the aqueous portion were then evaporated to dryness and 
extracted with ethyl alcohol. Evaporation of the alcohol left an 
oil which crystallised after long contact with ethyl acetate. Crystal- 
lisation of this solid from aqueous alcohol yielded m-nitrobenzo* 
propylcmidopropylarsinic acid, m. p. 132 — 134° (Found : As, 19*9, 
CigHigOgNaAs requires As, 20*0%). The corresponding benzoyl 
compound is an oil which could not be crystallised. 

y-n-Propylaminopropyldichloroarsim Hydrochloride, — ^A solution of 
the amino-acid hydrochloride (1 g.) in concentrated hydrochloric 
acid (4 c.c.) containing a trace of potassium iodide was treated with 
sulphur dioxide until saturated. The crystals which separated on 
chilling were removed and recrystallised from concentrated hydro- 
chloric acid (5 c.c.) with suflBicient water to complete solution at the 
boiling point. hydrochloride, 

m. p, 196 — 196°, thus obtained forms elongated hexagonal tablets, 
which rapidly reduce a solution of iodine in potassium iodide and 
yield a yellow solid on treatment with saturated potassium iodide 
solution (Found : As, 26*4. CeHi 4 N’AsCl 2 ,HCl requires As, 
26-6%). The maximum tolerated dose is 0*0075 mg. It rendered 
trypanosomes non-inf eotive at a dilution of 1 : 40,000 in horse-serum 
after 4*5 hours’ contact, 

y-n-Hexykmirwpropylarsinic Acid, — ^The chloro-acid (6 g.) and 
n-hexylamine (18 g.) were heated at 100° for 20 hours. After 
removal of the excess of amine, by distillation first under reduced 
pressure and then in the presence of sodium hydroxide, the residue 
was acidified with hydrochloric acid, evaporated to dryness, and 
extracted with ethyl alcohol (15 c.o.). The crystalline product, 
obtained by cooling the extract in ice, was recrystallised from ethyl 
alcohol and then yielded short, flat plates of y-n-hexylcminopropyl- 
arsinic acid hydrochloride, m. p. 221 — ^223° (6*2 g.). The maximum 
tolerated dose is 0*025 mg. The m-nitrobenzoyl derivative, m. p. 
118 — 120°, prepared from the amino-acid hydrochloride (3*5 g.), 
m-nitrobenzoyl chloride (4*4 g.), and 2^-sodium hydroxide (36 c.c.) 
by the method already described, formed white plates (Found: 
As, 18*4. Ci^gOgNgAs requires As, 18*0%). The maximum 
tolerated dose is less than 0''026 mg. The corresponding m-amino* 
benzyl compound, formed by reduction with ferrous hydroxide, 
could not be obtained in a crystalline state either free or as the 
hydrochloride. 
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y~Garbethoxy-n-hexylami7iopro])y1m*sinic Acid. — Ethyl chloro- 
formate (1*2 g.) was added in small amounts with vigorous stirring 
to an ice-cold solution of the amino-acid (1 g.) in iV-sodium hydroxide 
(6 O.C.). When the odour of the chloroformate had disappeared, 
the solution was acidified with hydrochloric acid and the precipi- 
tated oil removed. After prolonged manipulation and keeping at 
—5°, this solidified and was crystallised from ether-light petroleum. 

P* — 60®, thus 

obtained, formed long, flat plates (Found : N, 4*1. C12H26O5NAS 
requires IT, 4*1%). The maximum tolerated dose is 0*005 mg. 

y-Phenylmrbcmyl-DAiexylmrhinopropylarsinic Acid, — Phenylcarb- 
imide (4 g.) was added drop by drop to an ice-cold solution of the 
amino-acid hydrochloride (3 g.) in iV-sodium hydroxide (25 c.c.) 
with vigorous stirring. The diphenylcarbamide that separated 
was removed and the filtrate made acid (Congo paper). The precipi- 
tated oil, which solidified after long keepuig at 0®, was crystallised 
from aqueous alcohol and jdelded y-plienylcarbamyl-nAiexylamim- 
propylarsinic acid, m. p. 118 — 124® (indef.). The maximum 
tolerated dose is 0*01 mg. 

y-Xk-Hexylaminopropyldichloroarsim hydrochloride, prepared in 
a similar manner to that employed for the corresponding propjd 
compound from the amino-acid hydrochloride (3 g.) and concen- 
trated hydrochloric acid (30 c.c.), forms large hexagonal plates, 
m. p. 190 — 192®, when crystallised from 2.N'-hydrochlorio acid 
(100 C.C-) (Found : As, 23*1. CgH^NAsCla^HCl requires As, 23*1%). 

1- a -PhenyUthylmriinopropyMi^^ Hydrochloride. — The 

interaction of Z-a-phenylethylamine (3*1 g.) and the chloro-aoid 
(1*5 g.) was carried out in a manner similar to that employed for the 
preparation of the hexylamino-acid. The product, which remained 
as a glassy gum, could not be obtained pure and was converted 
directly into the dichloroarsine by treatment with hydrochloric acid 
and sulphur dioxide. The precipitate was crystallised from 
2j?T-hydrochloric acid and the l-oL^phenylethylaininopropyldichloro- 
arsine hydrochhride, m. p. 194 — 196®, thus obtained, formed large 
hexagonal plates (Found : As, 21*9. OxiHiglTAsOlajHCl requires 
As, 21*8%). The maximum tolerated dose is 0*005 mg. 

y’Piperidinopropylarsinic Acid. — ^A mixture of the chloro-aoid 
(6 g.) and piperidine (26 g.) was heated for 6 hours at 100®, crystals 
of piperidine hydrochloride being deposited almost immediately. 
When the chlorine was completely ionised, the excess of free and 
combined piperidine was removed, the residue acidified with hydro- 
chloric acid, and evaporated to dryness at 50°. The ethyl-alcoholic 
extract of the residue, when concentrated and chilled, deposited 
crystals which were recrystallised from boiling alcohol. y-Piperidii^ 
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propylarsinic acid hydrochloride thus obtained (5 g.) formed square 
plates, m. p. 162 — 164® (Pound : N, 4*8 ; Cl, 12*4. CgHigOsNAsjHCl 
requires N, 4*9 ; Cl, 12*3%). 

y-Piperidinopropyldichloroarsine hydrochloride was prepared by 
treatment of the acid hydrochloride (3 g.)> dissolved in concentrated 
hydrochloric acid (9 o.c.), with sulphur dioxide. The precipitated 
solid yielded hexagonal plates, m. p. 194 — 196° (2*4 g.), when 
crystallised from 4jN^-hydrochloric acid. The maximum tolerated 
dose is 0*01 mg. 

yA‘Hydroxy’-2 : 2 : Q^rirnethylpiperidiTiopropylarsinic Acid . — ^The 
chloro-acid (2 g.) was heated with vinyldiacetonealkamine (6*9 g.) 
and ethyl alcohol (20 c.c.) for 2 days. After basification with sodium 
hydroxide, followed by evaporation to dryness, the excess of amine 
was removed by exhaustive extraction with benzene, and the 
residue dissolved in water and made neutral to methyl-orange. The 
liquid was then evaporated to dryness and extracted with boiling 
methyl alcohol. On concentration of the extract, white, micro- 
scopic crystals separated. Eecrystallisation of these from methyl 
alcohol yielded deliquescent y-4-Aydroa;y-2 : 2 : 64rimethylpiperidino- 
propylarsinic acidy m. p. 162® (Found: N, 4*7, CHH24O4NAS 
requires N, 4*5%). The maximum tolerated dose is 0*2 mg. 

y-2 : 2 : Q-Trimethylpiperidmopropylarsinic Acid and 2:2: 6-Tn- 
methylpiperidine. — 4-Bromo-2 : 2 : 6-trimethylpiperidine hydro- 
bromide (44 g.), prepared from vinyldiacetonealkamine by the 
method of Pauly and Harries (J5er., 1898, 31 , 667), was reduced by 
heating with glacial acetic acid (240 c.c.) and zinc dust (66 g.) for 
6 hours. The solids were then removed and washed with hot acetic 
acid. The acid was then removed from the combined filtrates 
by distillation under reduced pressure, and the basified residue 
distilled in a current of steam until the distillate was neutral. The 
ethereal extract of the latter distillate yielded 2:2: %4rimefhyh 
piperidinCy b. p. 138 — 139® (20 g.); hydrochloridCy m. p. 236 — ^237® 
(Found; 01,21-6. 08Hi7N,HCl requires 01, 21*7%). The following 
characteristic colour reactions are given by addition of this and 
similar amines (0*02 c.c.) to a 0*6% solution of sodium nitroprusside 
(20 o.c.) containing acetaldehyde (0*02 o.c.) (Lewin, Ber., 1899, 32 , 
3388} : piperidine, initially violet-blue, unchanged after 4 hours ; 
2:2: 6-trimethylpiperidme, initially wine-red, finally magenta ; 
3-oarbethoxypiperidine, initially blue, finally green. The cAZoro- 
auratCy prepared by treating a solution of the amine (0*1 g.) in 
2JV^-hydrochloric acid (4 c.c.) with aqueous auric chloride until no 
further turbidity was produced, followed by crystallisation of the 
oil from JN^-hydrochloric acid, forms octahedra, m, p. 127 — 129® 
(Found: Au, 42-0.' C8Hi7N‘,HAuCl4 requires Au, 42*2%). The 
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picrate, prepared by the action of saturated aqueous picric acid on 
the amine (Od g.), followed by crystallisation of the precipitated oil 
from water, forms well-developed rhombs, m. p. 196 — 196°. For 
the preparation of the substituted aminopropylarsinic acid, y-chloro- 
propylarsinio acid (2*5 g.) was heated on the water-bath with the 
amine (10 g.) and alcohol (10 c.c.) for 6 hours. The solvent and free 
amine were then removed by distillation in the presence of sodiiim 
hydroxide, and the residue acidified with hydrochloric acid and 
evaporated to dryness. The ethyl-alcohohc extract of this yielded 
the amino-acid hydrochloride, which could not be obtained in a 
crystalline state; it was therefore converted into the free acid by 
adjusting the reaction to neutrality to litmus, evaporating the water, 
and extracting the residue with boiling methyl alcohol. Addition 
of dry ether to this extract yielded deliquescent, microscopic crystals 
of y-2 : 2 : 64riinethylpiperidinopropylarsinic acid, m, p. 160 — 160° 
(indef.) (Found: N, 44. Ci;^H2403NAs requires N, 4-8%). The 
maximum tolerated dose is 2*0 mg. 

y-Pip&razinopropylarsinic Acid. — ^The product obtained by heat- 
ing the chloro-acid (4 g.) with piperazine hydrate (24 g.) at 100° 
for 20 hours, was freed from piperazine by distillation in a current 
of steam at 100° under reduced pressure in the presence of sodium 
hydroxide. When the distillate no longer gave a precipitate with 
picric acid, the residue was acidified with hydrochloric acid (Congo 
paper), dried, and extracted with boiling ethyl alcohol. Upon 
concentration and cooling of the extract, a thick syrup separated 
which slowly solidified. GrystaUisation of this from ethyl alcohol 
(30 c.c.) yielded y^piperaziTiopropylarsinic acid dih/y^ochloride 
(Found : Cl, 21-9. GtS^^O^^As,2ILCI requires GI, 21-8%). The 
maximum tolerated dose is 2-0 mg. The benzoyl derivative w'as 
obtained by the Schotten-Baumann method from the amino-acid 
hydrochloride (3*3 g.), benzoyl chloride (3*0 g.), and 22^-sodium 
hydroxide (36 c.c.). After the benzoic acid had been removed from 
the acidified reaction mixture by extraction with ether, the residue 
was evaporated to dryness and extracted with ethyl alcohol. This 
extract yielded a white solid which, when crystallised from aqueous 
acetone, ji^ieAyA-bemoylpiperaziiiopropylarsinic acid, m. p. 204 — 
206° (decomp., eff.) (Found : N, 8*0. Gi 4 H 2 i 04 N 2 As requires N, 
7*9%). The maximum tolerated dose is 0*2 mg. 

y-S-Carbethoxypiperidinopropylarsinic Acid. — ^The chloro-acid (3*1 
g.) was heated with ethyl nipecotinate (15*7 g.) (prepared from 
nicotine by the method of Adams and McElvain, J. Amer. Chem. 
Soc., 1923, 45, 2745) for 16 hours at 90°, The ethyl nipecotinate 
was then removed by adding sodium hydroxide (8 c.c. ; 40%) 
solution of the product in water (30 c.c.) at 0°, followed by 
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with ether. The aqueous residue was then made acid with hydro- 
chloric acid (methyl-orange) and evaporated to dryness at 50°. 
Extraction of this solid with boiling methyl alcohol (20 c.c.), followed 
by the addition of ethyl alcohol, yielded the desired amino-acid in an 
impure condition. For analysis and physiological testing, it was 
dissolved in methyl alcohol (15 c.c.) and poured into dry ether 
(120 C.C.). y-B’CarbetJioxypiperidiTiopropylarsinic acid thus obtained 
was dried in a vacuum in the presence of sulphuric acid and sodium 
hydroxide and ground under dry ether ; it then formed an amor- 
phous, deliquescent solid (Found : N, 4«3 ; As, 22-9. Ci^Hg^OgNAs 
requires N, 4*3; As 23-2%). The maximum tolerated dose is 
1*5 mg. 

Interaction of Trimethyle7ie Glycol and p-Toluenesulphonyl Chloride 
in the Presence of Pyridine, 

^-Toluenesulphonyl chloride (19 g.) was added in small portions 
to a mixture of trimethylene glycol (4 g.) and pyridine (8 g.) at 0°. 
Crystals of pyridine hydrochloride filled the liquid after about 
I hour, but became smaller in bulk after 20 hours, whereapon the 
whole was treated with water (100 c.c.). The oil which separated 
was removed and washed twice with dilute hydrochloric acid and 
with water. Since it possessed a pronounced smell of trimethylene 
dichloride, it was distilled with water under reduced pressure. By 
this treatment a small amount of volatile oil was obtained which, 
when extracted with ether and dried, gave trimethylene dichloride, 
b. p. 120 — 122°. The semi-soKd residue of the steam distillation, 
after being dried in a vacuum, was extracted with ether, and the 
insoluble portion crystallised from methyl alcohol (6 c.c.). It 
separated in hexagonal plates (2-5 g.) which proved to be trimethyhne 
glycol di-’P’foluenesulphomte, m. p. 93 — 94° (Found : C, 52-8 ; H, 54. 

requires C, 534 ; H, 6-3%). The aqueous extract of 
the original reaction mixture was freed from pyridine by distillation 
with sodium hydroxide under reduced pressure, concentrated 
(to 20 C.C.), and made neutral to litmus with hydrochloric acid; 
addition of saturated aqueous mercuric chloride solution then 
yielded a crystalline mercury salt, which in turn afforded an amine 
hydrochloride in the usual way. For examination of the properties 
of this amine the original reaction was conducted under modified 
conditions calculated to favour the production of a quaternary 
compound. Trimethylene glycol (4 g.) and pyridine (8 g.) were 
mixed with jj-toluenesulphonyl chloride (19 g.) in a single addition 
and the reaction was allowed to proceed without cooling. When the 
reaction had subsided, the mixture was warmed on the water-bath 
for 2 hours. The crop of large, crystalline plates which separated 
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on cooling was washed with ether to remove pyridine and crystallised 
from acetone (30 c.c.). The deposited crystals (3*1 g.) were free from 
ionised chlorine and proved to be propane-oLy-dipyridinium di^ 
p4oluenemlph(matei m. p. 118 — 120° (Pound : If, 6-2. C 27 H 3 (jOe]!f 2 S 2 
requires N, 6*2%). When treated with a saturated aqueous solution 
of mercuric chloride, this substance is converted into the correspond- 
ing mercurichloride. Crystallisation of the precipitated salt from 
boiling water gave a product from which the mercuric chloride was 
found to have partly dissociated (Pound : 01, 26*1 ; Hg, 57*5. 
Ci 2 Hielf 2 Cl 2 , 4 HgCl 2 requires Cl, 26*1; Hg, 69*1%); but crystal- 
lisation in the presence of an excess of mercuric chloride yielded 
clusters of radiating needles of the pure mercurichloride (Pound : 
Cl, 26-1; Hg, 69*6%). The combination of four molecules of 
mercuric chloride with one molecule of a diquatemary compound 
has been observed previously in a few cases (e.g., Curtius and Clemm, 
J. pr. Chem,, 1900, 62, 194). Por the preparation of the diquatem- 
ary dichloride the mercurichloride was suspended in warm water and 
decomposed with hydrogen sulphide in the usual way. Evaporation 
of the aqueous product to dryness yielded an oil which, when dried 
in a vacuum, formed a mass of needle-like crystals, and recrystal- 
lisation from alcohol-ether gave pure proparie-txy-dipyridinium 
dichloride (Pound: 01, 26*3» C 13 H 16 N 2 CI 2 requires Cl, 26*1%), 
Treatment of this salt (0*1 g.) in boiling jN’-hydrochloric acid (40 c»o.) 
with aqueous auric chloride yielded, on cooling, elongated rectangular 
plates of the dichhroaurate, which became dark yellow when heated 
and were unmelted at 300° ; on cooling, the original light yellow 
colour is restored (Pound: Au, 44*7. CigHieN^sAugCls requires 
Au, 44*9%). The corresponding dipicrate crystallises from water 
ill long, stout prisms, m. p. 176°. 

NAnoKAii Institute eob Medical Beseaboh, 

Hahfstead. [Beceived, July Uhy 1928.] 


CCCXXIV.— TAe Walden Inversion. 

By Haits NiooiiAi Kellebsian Bp0BI>am. 

The discovery by Walden in 1896 of the stereochemical inversion 
to which his name is now given raised a problem which still remains 
unsolved. Since the optical isomerides always possess the same 
chemical properties, the same energy content, the same solubility, 
etc., and the corresponding reactions consequently have the same 
afSnities, there is no apparent reason why, for instance, silver 
oxide and water should transform 1 -chlorosuccinio acid into Z-ntaMa 
aOid, whilst potassium hydroxide converts it into d-maliei.jMli» 



2448 


R0RDAM : THE WALDEN INVERSION. 


Also, although Senter (J., 1915, 107, 638 et seq.) has shown that the 
nature of the solvent can influence the inversion, and Holmberg 
(e.g., J, pr. Chem., 1913, 87, 456; 88, 553) has demonstrated that 
it is sensitive to the presence of salts and to changes in concentration 
of the reagents, yet no mechanism has hitherto been suggested 
which is capable of explaining all the results or of predicting the 
occurrence of an inversion. 

Holmberg 1926, 59, 125 ; Svensh Kem, Tidskr., 1927, 39, 1) 
has suggested a theory according to which the determining factor 
for a Walden inversion is to be found in what he has termed “ the 
reaction distance,” i,e,, the distance between the two reacting 
parts of the molecule or ion acting upon the optically active com- 
pound, e.g,, the distance between H and OH in a molecule of water 
or, in general, between B and Y in the reacting molecule B — in 
the reaction : 


b^C— X + B— Y 
q/ 


b^.O-X 

I B 

cr 


av 

Y-^O-b + BX. 
c/ 


If the distance B — ^Y is greater than the distance 0 — ^X, then 
inversion must take place, but if the latter distance is the greater, 
no inversion will occur. Since, however, the ratio of these two 
distances must be the same so long as we are considering the same 
reaction, this hypothesis (unless additional assumptions are made) 
is inconsistent with the influence exercised upon the inversion by 
the various factors mentioned above. 

By means of the following conception, it is possible to explain 
the phenomenon and to calculate the fraction n of the reaction 
product which has a steric configuration agreeing with that of the 
initial active substance.. Let C represent an asymmetric carbon 



(I.) (IL) 


atom, and A, B, D, and E the atoms or radicals linked to it. C, D, 
and E are supposed to lie in the plane of the paper, with A above 
and B below this plane. If now the atom E is split off, the con- 
figuration (I) is formed, and the remaining radicals are assumed to 
oscillate as the result of this dkturbance. For simplicity, I shall 
consider the oscfllation of only one radical, say D, between the 
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positions occupied in (I) and (II). Whether inversion takes place 
or not will now depend upon whether the atom, ion, or radical X 
which enters the molecule instead of E is able to do so while J) is 
still upon its original side of the plane AOB, as in (I), or has passed 
it, as in (II). (The above representation is purely diagram- 
matic and makes no assumption as to the actual distribution of 
the four directed valency sources, but merely postulates a dis- 
turbance among them when one is temporarily out of action.) 

From these conceptions we can derive a quantitative theory of 
the Walden inversion based upon the time of oscillation 6 of the 
molecule, the concentrations, and the activity conditions in the 
solution. Of these factors, at present we know nothing of the time 
of oscillation and very little about the activity coefficients in such 
high concentrations as are usually employed in researches on the 
subject. Moreover, most of the experiments bearing on this 
inversion were carried out under conditions in which temperature 
and concentration were varied during the experiment in such a 
way as to preclude any calculation of the result, but Holmberg’s 
experiments upon the reaction between xanthogenates and active 
halogenosuccinic acids (Zoc. cit.) are so precise that it is possible 
to apply to them the equation deduced below. 

We assume that the fraction n of the reaction product which 
retains its original configuration is proportional to the probability 
that the oscillating molecule reacts with the entering ion X while 
still in configuration (I) ; this probability will evidently iaorease 
with the len^h of the time of oscillation and with the speed of the 
reaction between the single oscillating molecule and X. 

Introducing the kinetic activity factor of Bronsted {Z, physikal. 
Chem,, 1922, 102, 169) in the expression for the reaction velocity, 
we get the equation n = where Cx denotes the mean 

concentration of X at the beginning and end of the reaction, and 
/i, /a, and ^ respectively denote the activity coefficients of the 
oscillating molecule, of X, and of the compound resulting from the 
union of these two. We can obtain the same equation from Bron- 
sted’s formula for the velocity of a bimolecular reaction, viz., 
— dojdt ^ if we replace dt by 0/4 and let 

subscripts 1 and X refer to the oscillating molecule and to X respec- 
tively, we have 

n = dcjc-^ = k'cyiif-j^f^lf 1 . x)(Q/4) .... (a) 

If, moreover, for lack of knowledge, we assume that 0 depends 
only upon the nature of the oscillating molecule and is independent 
of the potential in the solution, 0 can be included in the constant 
and the equation takes the form . 

» = 'W'' 
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shall now test the application of equation (6) to Holmberg’s 
experiments, but quantitative agreement with his results cannot 
be expected, owing to the nature of our approximations and to our 
lack of precise data relating to activity coefficients. 

The first reaction to be considered is that between potassium, 
sodium, calcium, barium, and strontium salts of Z-bromosuccinic acid 

and alkali xanthogenates O‘CO'CH2‘CHBr*C0'0 + CS{OEt)*S — > 

6*C0'CH2*CH[S‘CS(0Et)]*C0*0 + Br, which is assumed to, take 
place in two steps, viz.^ (1) a spontaneous splitting off of the bromine 

atom: O-CO-CHa-OHBr-CO-O — > O-0O-CH2*CH-CO-5 + and 
(2) an addition of the xanthogenate ion (denoted by X) : 

O-CO-CHg-CH-CO-O + X — O-CO-CHg-CHX-CO-O 

The activity coefficient/^L for the amphoteric ion O-CO’CHg'CH'CO'O, 
with an excess of one negative electric charge, is assumed to be 
approximately equal to that of an ordinary univalent ion; and 
for both/i and/x we shall use the values of a commoner uni-univalent 
salt, silver nitrate being chosen for this purpose since its values are 
known for high ionic stren^hs (Lewis and Randall, ‘^Thermo- 
dynamics,’’ p. 363), and its structure is not so simple as that of the 
alkali chlorides, which are therefore less comparable with the larger 
ions involved here. 

For the activity coefficient of the bivalent ion 
O-OO-CHg-CHX-CO-O, 

I have chosen the values for magnesium sulphate in pure solutions 
of the same ionic strength (see E 0 rdam, “ Studies on Activity,” 
Copenhagen, 1926) up to 0-6ilf -solutions, and values for higher 
concentrations have been calculated from the freezing-point data 
of Loomis (Landolt-BQrnstein, “ Tabellen,” 6th edition, 3070) 

by use of the equation log/ = — 04343 1^(1 — < 5 ^) + 

/ being the activity coefficient, c the concentration, and ^ = 'Z/2 
(i = van ’t Hoff’s factor). The data thus used are collected in 
Table I, where the ionic strength \i is added. The assumption 
that the activity coefficient of a given electrolyte is the same in all 


Table I. 


MgS04 

(moL/L). 

/. 

fi. 

MgS 04 

(moL/L). 

/- 

/i. 

0-1 

0-212 

0-4 

1-2 

0-077 

4-8 

0-2 

0-152 

,0-8 

1-4 

0-073 

6-6 

0-4 

0-114 

1-6 

1-6 

0-071 

6-4 

0-6 

0-102 

2-4 

1-8 

0*071 

7-2 

0-8 

0-092 

3-2 

2-0 

0-073 

8-0 

1-0 

0-084 

4-0 
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solutions of the same ionic strength (Lewis and Randall, J. Amer. 
Chem. Soc., 1921, 43, 1112) is well known to he strictly valid only 
in dilute solutions, but of necessity we apply it here up to greater 
concentrations. 

In Table II all Holmberg’s data relevant to these experiments 
are collected. For the calculation of n from equation (6), the 
empirical value k = 200 has been employed. (For experiments 
where the ionic strength exceeds 6, no oalcidations have been made, 
the basis for the calculation of the activity coefficients here seeming 


Table n. 

(Bs = BromosuQcinate radical; X =’ Xanthogenafce radical.) 









<f-Acid, 




n. 

ISTo. 


Composition 

of mixture 


found. 

fi “/x* 

/i.x* 

calc 

1. 

0-61 

NagBs ; 

0-61 

NaX 



.36-5 

2-14 

0-273 

0*103 

51 


ii 

tt 

it 

99 9 

6-0 

NaBr 

44-2 

7-14 

0-080 

0*072 

— 

5 ; 

0*12 

tt 

0-14 

99 



20-1 

0-50 

0*520 

0*190 

23 

4. 

0*8 

tt 

0*76 

KX 



40-5 

3-16 

0-202 

0*090 

34 

5. 

0‘5 

tt 

M 

tt 



07-1 

2-60 

0*245 

0*100 

100 

6. 

0-75 

KjBs; 

0*96 

tt n 

1-6 

KBr 

49-2 

4-80 

0*150 

0*077 

36 

7, 

j» 

tt 


f 

4-0 

tt 

50-0 

7-21 

0*080 

0*072 

. — 

8. 

0-11 

tt 

0-18 

»» 



30-3 

0*51 

0*526 

0*190 

38 

9. 

0-08 

CaBs; 

0-10 NaX 



20-1 

0-42 

0*552 

0*205 

19 

10. 

0*4 

tt 

0-6 

KX 



48-4 

2-10 

0-273 

0*103 

42 

11. 

0*08 

tt 

0-10 

tt 



22-8 

0-42 

0-552 

0*206 

19 

12. 

0^8 

BaBs; 

1-0 

tt 



63-8 

4-20 

0-175 

0*080 

46 

13. 

9f 

it 

tt 

tt t 

0-8 

BaBr2 

63-8 

6-60 

0-100 

0*071 

, — 

14. 

0-10 

tt 

0-12 

tt 



23-3 

0-62 

0-526 

0*190 

21 

16. 

0-8 

SrBs; 

1-0 

tt 



69-3 

4-20 

0-175 

0*080 

46 

16. 

>f 

tt 

tt 

tt t 

0-8 

SrBfs 

69-4 

6-60 

0*100 

0-071 



17. 

ft 

tt 

1-7 

tt 



81-7 

4-90 

0*146 

0-077 

71 

18. 

0-10 

tt 

0-12 

tt 



20-1 

0-62 

0-626 

0-190 

21 

19. 

0-27 

tt 

0-29 

tt 



44*2 

1*37 

0*340 

0*120 

31 

20. 

ft 

tt 

0-87 

tt 



70-4 

1-95 

0*280 

0*105 

110 


too uncertain.) The third column of the table contains the per. 
centage of dextrorotatory xanthogenO’Succinic acid foiind by 
Holmberg in the partly active acid resulting from the experiments. 
If the theory now propounded is valid, it affords a means whereby 
to decide which of the two possible optical isomerides that may be 
formed possesses the same sterio configuration as the initial active 
component in a reaction leading to a Walden inversion. Hence 
we may conclude from the calculations that d-xanthogenosuccinic 
acid and Z-bromosuccinic acid have corresponding configurations. 

The results shown in Table II are represented graphically in 
Fig. 1, the calculated (broken line) and experimental (full line) 
values of n being given in connexion with the series number of 
the experiment. These curves show that variation in experiments^ 
values is closely related to that in the calculated values. In 
of the fact that the individual peculiarities of the activity ooeffijsiftSW 
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and the deviations in the “rule of ionic strength ’’ are both very 
marked at the high concentrations used, the agreement seems 
fairly good. 

In spite of the accuracy of Holmberg’s experiments, it is possible 
that the percentages found by him do not agree exactly with the 
total amount formed in the reaction, for the product was obtained 
by spontaneous crystallisation from the more or less concentrated 
salt solutions, and in most cases the solubilities of racemic and 
corresponding active substances are different in, and perhaps also 
unequally influenced by, different salt concentrations. 


Fio. 1. 



In future experimental researches in this field, it would be of 
interest to avoid uncertainty of this sort by determining the com- 
position optically, without isolation of the reaction product ; and 
in order to test the validity of the present theory it will be necessary 
to use reaction conditions such that the activity coefficients can 
be accurately calculated. The theory suggests possibilities for 
planning experiments which may throw more light upon the Walden 
inversion. If valid, it will account for the influence of the concen- 
trations of reagents and of salts present in the solution, as well as 
of the nature of the solvent. 

The literature affords only one other series of experiments suitable 
for testing the present theory, viz,, those of Holmberg {Arhiv. 
Kemi, Min, Qeol., 1916, 6, 1) on the reaction between hydro- 
sulphides and salts of Z-bromosuccinic acid, which is assumed to 
occur in two stages exactly like the foregoing reaction. As the 
SH' ion is considerably less complicated in structure than the 
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xanthogenate ion, its activity coeincient is more appropriately 
represented by that of sodium nitrate than that of silver nitrate ; 
the necessary values are only available up to 0-5^^ (Rordam, op. cit.), 


and values for higher concen- 
trations are therefore obtained by 
plotting these values by the. side 
of those already used for silver 
nitrate and extrapolating the 
curve so that it remains parallel 
to the curve for silver nitrate. 

The value used for h is 200 as 
before. The agreement between 
calculated and observed values is 
not so good in this case, perhaps 
owing to the less definite composi- 
tion of hydrosulphide solutions 
and to their instability . The data 


Fio. 2. 

;==100 
90 



appear in Table III and are repre- 2 3 4 6 6 7 

sented in Pig. 2 as for the former 

reaction. The displacement of the curve when foreign salts are 


present cannot yet be explained. 


Table III. 


No. 


Composition of mixture. 

% 

<2-Acid 

found. 

A** 

fi =/sH. 


n , 

calc. 

1. 

1*0 KoBs ; 

1*0 KSH 


95*9 

4*0 

0-33 

0*084 


2. 

0*5 

99 

0-6 „ 


68*6 

2*0 

0*45 

0*106 

96 

3. 

0*1 

99 

0*1 „ 


36*2 

0*4 

0*66 

0*212 

20 

4. 

0*1 

99 

0*3 „ 


77*7 

0*6 

0-59 

0*180 

97 

5. 

9} 

99 

01 9, 

0*6 K2SO4 

40*3 

1*9 

0-46 

0*107 

20 

6. 

99 

99 

99 99 

1-0 KBr 

42*5 

1*4 

0-50 

0*116 

22 

7. 

99 

99 

99 99 

2-0 KBr 

63*2 

2*4 

0*43 

0*102 

18 

8. 

99 

99 

99 99 

0*5 SrBfg 

66*4 

1*9 

0*46 

0*107 

20 


Finally, it may be remarked that a complete theoretical calculation 
should perhaps take into consideration the possibility that some of 
the oscillating molecules can escape reaction both while in con- 
figuration (I) and in configuration (II) for the first time, and only 
react during a subsequent oscillation. It is also possible that very 
accurate experiments would show that the time of oscillation of the 
molecule is influenced by the potential in the solution. The con- 
ception of the Walden inversion now put forward seems to have the 
advantage that it is capable of experimental verification. 

Polytechnic Institute, 

OOFENHAGEN DENMARK. 


[Beceived, June 5^, 
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CCCXXV . — Derivatives of Tetrahydrocarbazole. Part 
VIL Reactions of Z-Methyltetrahydrocarhazole, 
Q-Ghlorotetrahydrocarhazole^ and their Acyl 
Derivatives. 

By Sydney Glenn Preston Plant and Reginald John Rosser. 

Some of the most interesting reactions observed with tetrahydro- 
carbazole (I ; R = R' = R" = H) are those of its 9-aoyl derivatives 
with nitric acid (Perkin and Plant, J., 1923, 123, 676). Besides 
simple nitro-derivatives in aU cases, the 9-benzoyl compound forms 
a product by the addition of OH and 1^02 to the double linkage, 
and the 9-acetyl, 9-carbethoxy-, and 9-phenylacetyl derivatives 
add two hydroxyl radicals to this linkage. The reason for this 
remarkable difference between 9-benzoyltetrahydrocarbazole and the 
other 9-acyl derivatives investigated has never been explained, 
although, of course, it may be quite fortuitous. The present work 
was therefore undertaken with the view of determining (1) how far 
these additive reactions can be carried out with other tetrahydro- 
carbazole compounds, and (2) the effect of the nature and position 
of substituents upon the reactions. The observations of Manjunath 
and Plant ( J., 1926, 2260) with 9-acetyl-6-methyltetrahydrocarbazole 
indicated that Z-methyltetrahydrocarbazole (I ; E = R" = H ; R' = 
Me), in which the methyl group is in the reduced part of the mole- 
cule, and 6-ohlorotetrahydrocarbazole (I ; R' = R" = H ; R = 
Cl), containing a negative atom, would be suitable for investigation. 
The former has been obtained by Pischer's indole synthesis from 



(I.) (11.) (m.) 


4-me^%ZcyoloAea;a?^07le ^Jienylhydrazone, and, on nitration in con- 
centrated sulphuric acid solution, it yielded a single product, which 
was shown to be Q^nitro-Z-methyltetrahydrocarbazole (I; R ~ NO 2 ; 
R' = Me ; R" =: H). In order to identify some of the derivatives 
obtained in this work, 6-nitro-3-methyltetrahydrocarbazole and 
^-nifrO’-Z-methylt&trahydrocarbazole have been synthesised by eliminat- 
ing ammonia from i-methyhjclohemnone p- and o-nitrophenyl- 
hydrazoTies, respectively. The isomeric 6{or 7)-m>o- and 7(or 5)- 
nUro~Z~methyltetmhydro(XLrb were both obtained from 
(sy<i\ohemMm It is not possible to say 

which of these is really the 5- and which the 7-nitro-derivative, whilst 
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it is interesting to note that ct/cZohexanone m-nitrophenylhydxazone 
yields only one compound, assumed to be 7-nitrotetrahydrocarbazole 
(Borsche, Witte, and Bothe, Annalen, 1908, 359, 53), under similar 
conditions. 3-Methyltetrahydrocarbazole has been converted into 
its Q-acetyl derivative vdth acetic anhydride, but the corresponding 
9-benzoyl and Q-carbeth)xy-Gompoun6B were made by first obtaining 
magnesium 9-B-methyltetrdhydrocarbazyl iodide (I ; R =; H ; R' = Me ; 
R" == Mgl) and subsequently treating this with benzoyl chloride 
and ethyl chloroformate, respectively. When 9-acetyl-3“methyl- 
tetrahydrocarbazole was treat^ with nitric acid in acetic acid solu- 
tion, 5(or lynitro-Q-acetyl-Z-methyltetrahydrocarbazole and 10 : 11- 
dihydroxy-9-acetyl-Z-methylhexdhydrocarbazole (II ; R = H ; R' = 
Me ; R" = Ac) were obtained, but the exact nature of the product 
depended on the conditions used (p. 2458). The position of the nitro- 
group in the former of these two derivatives was established by 
hydrolysis to one of the isomeric nitro-compounds obtained synthetic- 
ally from 4-methylcycZohexanone m-nitrophenylliydrazone. In view 
of the results obtained with tetrahydrocarbazole itself and the 
assumptions then made (Perkin and Plant, J., 1921, 119, 1825), 
it seems advisable to avoid confusion by regarding this nitro-com- 
pound as the 6-nitro-derivative, but to admit the possibility of an 
alternative structure by adopting the designation ‘‘ 6(or 7)-nitro,” 
The dihydroxy-compound obtained in this reaction was found to 
lose water on boiling with acetic anhydride, presumably to give 
^-a(xtyl-Z-methyl-^4ndoxyh'piroojolopentane, by a reaction analogous 
to that observed with the parent substance (Perkin and Plant, 
ho. ciL). 9-Benzoyl-3-methyltetrahydrocarbazole, on treatment 
with nitric acid in acetic acid solution, yielded a mixture of ll-nitro- 
10 - hydroxy - 9 - benzoyl - 3 - methylhexahydrocarbazole (III ; R =: H ; 
R' ~ Me ; R" = Bz) and 5(or iynitro~9-benzoyl-Z-mefhyltetrahydrO’- 
carbazole, whilst under similar conditions ethyl 3-methyltetrahydro- 
carbazole-9-carboxylate behaved like the 9-aoetyl derivative and 
gave a mixture of ethyl 6(or l)-nitro-Z-methyltetTahydrocarbazole-9- 
carboxylate and ethyl 10 : ll-dihydroxy-Z-methylhexahydrocarbazole- 
9 - carboxylate (II ; R = H ; R' = Me ; R" = COgEt), It is 
apparent, therefore, that in general the results obtained with 
3-methyltetrahydrocarbazole are similar to those in the case of 
tetrahydrocarbazole itself, but the addition products were not pro- 
duced quite so readily and were more difficult to isolate. 

The three isomerio mononitro-derivatives of 6-chlorotetrahydro- 
carbazole were obtained synthetically, the 8-miro-oompound from 
cyclohexanone i:-chloro-2-nitrophenylhydrazom, and a mixture of the, 
5(or 7)- and 7(or 6)-m^ro-compoundB from cyclohexamom 
^•nitrophenylhydrazom. When 6-ohlorotetrahydroQairbazote, v 
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nitrated directly in sulphuric acid, 6(or 7)-nitro-6-ohlorotetrahydro- 
carbazole was produced. Q^GMoro-^-ttt^tyltetrahydTocOtTbazole was 
prepared from its parent substance by direct acetylation, but the 
9-benzoyl and 9-car6e^Aoa;2/-derivatives were obtained by employing 
Grignard reactions as in the case of the corresponding products from 
3-methyltetrahydrocarbazole. When nitric acid acted on this 

9- acetyl compound in acetic acid solution, both 6-cMoTo-6{qT 7)- 
nitro-9-acetyltetrahydrocarbazole and 6 - cJiloro-lO : ll-dihydroxy - 9- 
at^tylhemhydrocarbazole (II; R = C1; R' = H; R" = Ac) were 
produced, but the relative amounts could be varied by altering the 
conditions. From 6 - chloro - 9 - benzoyltetrahydrocarbazole both 
6-cAZoro-6(or l)-nitro-Q-benzoyltetrahydrocarbazole and 6-chloro-ll- 
nitro-lO-hydroxy-d-benzoylhexahydrocarbazole (III ; R = Cl ; R' = 
H ; R" = Bz) were obtained, but in the case of ethyl 6-ohlorotetra- 
hydrocarbazole-9-carboxylate unexpected results were observed. 
Ethyl 6-cAZoro - 5(or l)-nitroUtTahydromTbazole-9-mrboxylaie was 
isolated, but the second product proved to be ethyl 6-cAZoro-ll-wi<ro- 

10- hydroosyhexahydrocarbazole - 9 - carboxylate (III ; R = Cl ; R' = 
H ; R" = COgEt), thus providing an example of the addition of OH 
and 1^02 to the double linkage in a 9-carbethoxy-derivative. When 
a solution of this addition compound in alcohol was boiled, a product, 
which appeared on analysis to be ethyl ^-chloro-lO : ll-dihydrozy- 
hemhydrocarbazole-Q’Carboxylate (11 ; R — Cl ; R' = H ; R" 5= 
COgBt), was obtained, apparently by the replacement of NO2 by OH. 
The products resulting from the addition of nitric acid decompose, 
on melting, with the evolution of oxides of nitrogen. The prepar- 
ation of these compounds from 6-chlorotetrahydrocarbazole required 
more vigorous conditions than in the case of tetrahydrocarbazole 
itself. 

Since hexahydrocarbazole has been shown to exist in two stereo- 
isomeric modifications (Gurney, Perkin, and Plant, J., 1927, 2676), 
it follows that theoretically four modifications of 3-methylhexahydro- 
carbazole might appear during the reduction of 3-methyltetrahydro- 
carbazole. Two of these would result from the cis-addition of 
hydrogen at the double linkage and would be less strained than the 
other two, which would result from the ^mwfi-addition of hydrogen. 
From the results obtained in the reduction of tetrahydrocarbazole, 
it might be expected that the former two would be formed in 
relatively great amounts, but that only very small quantities of the 
latter two would be present in the reduction product. This point 
has been investigated, but only one product (presumably one of the 
ci^-modifications) resulted on electrolytic reduction. This, which 
melts at 68-6®, has been called Z-rmthylhexahydrocarbazoU (A). 
When, however, 3-methyltetrahydrocarbazole was reduced with tin 
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and hydrochloric acid in aqueous alcohol, a small quantity of a second 
form, S-methylhexahydroca/rbazole (B), m. p. 128°, was isolated in 
addition to the modification (A), which formed the main product. 
It is hardly possible, on account of the small yield of 3-methyl- 
hexahydrocarbazole (B), to say whether this is the second cis- 
modification or one of the two imiw-forms. It is theoretically 
possible for aU the products formed by addition of OH and NOg, 
ox OH and OH, at the double linkage in tetrahydrocarbazole to exist 
in more than one stereoisomeric modification, but so far in no case 
has more than a single form been isolated. 

Experimental. 

Z‘Methyltetrdhydrocarbazole and its Nitro-derivatives. — ^The crude, 
solid 4:-methylcjclohemnone phenylhydrazone (7 g.), obtained by 
mixing equal weights of 4-methylc2/6Zohexanone and phenylhydrazine, 
was warmed with aqueous sulphuric acid (120 c.c. of 17%) for 16 
minutes on the water-bath, with shaking. Z-Meihyltetrahydro- 
carbazole was isolated from alcohol in colourless, rhombic prisms, 
m. p. 109 — 110° (Found : N, 7-6. C^gHisN requires N, 7*6%). 

IVom a solution of j9-nitrophenyIhydrazine (1*7 g.) and 4-methyl- 
ct/cZohexanone (1*2 g.) in hot alcohol, 4-meZ%ZcycloAemnowe p-mZfo- 
phenylhydrazone separated, on cooling, in yellow needles, m. p. 128*6°, 
and, after treatment with boiling 26% sulphuric acid for a few 
minutes, it yielded Q-nitro-S-methyltetrahydroaMrbazole, which crystal- 
lised from alcohol (charcoal) in brown prisms, m. p, 166 — 166° 
(Found : N, 12*2. requires N, 12*2%). By a similar 

process, 4:~mefhyloyolo}iexa7ione o^nitrophenylhydrazone was obtained 
in crimson prisms, m. p. 69°, and converted into i-niiro-Z-methyh 
tetrahydrocarbazole, wliich separated from alcohol in bright red 
needles, m. p. 188° (Found: N, 12*1%). i-Methyleyoiohexanone 
xa-nitrophenylhydrazone, from alcohol in orange-red prisms, m. p. 
80 — 81°, yielded a mixture with boiling 27% sulphuric acid. The 
filtered solution of the crude product (6 g.) in hot alcohol deposited, 
on cooling and leaving for 24 hours, 5(or l)-7iitro^Z-methyltetrahydrO'‘ 
carbazole in yellow needles, m. p. 188° (Pound : N, 12*0%), whilst, 
on concentration of the mother-liquor, a further quantity, con- 
taminated with a little of the isomeride, was obtained. The crude 
7 (or bynitro-Z^methyltetTahydrocarbazole was then isolated by adding 
water to the mother-Uquor, and purified by crystallisation from 
chloroform, separating in orange-red plates, m. p. 175° (Found : 
N, 12*2%). These two nitro-compounds were formed in approx- 
imately equal amounts. 

A solution of 3-methyltetrahydrocarbazole (10*6 g.) in conQ^f:^^ 
trated sulphuric acid (70 c.c.) was kept at — 10° and treated.^^^l 
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nally with pulverised potassium nitrate (5-9 g.)* '^th continuous 
stirring. After being poured on ice and collected as quickly as 
possible, the product, when dried in a desiccator, melted at 159®. 
It separated from alcohol in brown prisms, m. p. 165 — 166°, and was 
shown to be G-nitro-S-methyltetrahydrocarbazole by a mixed m. p. 
determination. Xo other substance could be isolated from the 
reaction mixture. 

Action of Nitric Acid on ^•‘AcetyhZ'methylMTaliydrocaTbazoh . — 
When a solution of 3-methyltetrahydrocarbazole in times its 
weight of acetic anhydride was boiled under reflux for 3 hours and 
cooled, d’acetyl-Z-metJiylietraJiydrocarbazoh separated, and was 
obtained from glacial acetic acid in colourless needles, m. p. 108*5° 
(Found : X, 6*1. CigH^yOX requires N, 6-2%). When a solution 
of the acetyl derivative (3*6 g.) in glacial acetic acid (50 c.c.) was 
treated with nitric acid (1*8 g., d 1*42, dissolved in a little acetic acid) 
at room temperature, 5{or l)^nitro-9-(icetyl-Z-^methyltetrahydro- 
carbazole separated during 24 hours in clusters of yellow needles, 
m. p. 134° (after recrystallisation from alcohol) (Found : X, 10*3. 
^is^ieOaXg requires N, 10*3%). A mixture of this nitro-compound 
(1-5 g,), sodium hydroxide (9 g-), alcohol (60 c.c.), and water (60 c.c.) 
was boiled for some time and then diluted with water. When the 
product was crystallised from alcohol, 6(or 7)-nitro-3-methyltetra- 
hydrocarbazole separated in orange prisms, m. p, 187°. It was 
shown by a mixed m. p. determination to be identical with one of 
the products obtained from 4-methyk^cfohexanone w-nitrophenyl- 
hydrazone. The m. p. of the mixture with 8-nitro-3-methyltetra- 
hydrocarbazole was much lower. 

When 9-acetyl-3-methyltetrahydrocarbazole (18 g.) in acetic acid 
(66 c.c.) was treated at 50° with nitric acid (9*2 g. ; d 1*42) in acetic 
acid (10 c.c.}, 5(or 7)-mtTO-9-acetyl-3-methyltetrahydrocarbazole 
(3 g.) again separated over-night, but after pouring the mother- 
liquor into water, adding aqueous sodium hydroxide until nearly 
neutral, and stirring, a product was obtamed which could be easily 
collected and after being dried in a desiccator yielded 10 : 
hydroxy~9-acetyhS-inet7iylhexahydrocarbazole on crystallisation from 
benzene. After recrystallisation from alcohol, it was obtained in 
almost colourless plates, m, p. 189 — 190° (Found ; N, 5*4, 
requires X, 5-4%). When a solution of this dihydroxy- 
compound (2*5 g.) in acetic anhydride (40 c.c.) was boiled under 
reflux for 2 hours, cooled, and shaken with water, the product, after 
crystallisation from alcohol, yielded Q-acetyl-Z-methyU^-iTidoxyU 
spirocyclopcTi^nc in colourless plates, m. p. 93*5° (Found : X, 5*8. 

requires X, 6*8%). S-Jfc^A^I-^-twioaig^fspicocyclppewtone, 
obtained frcmi its acetyl derivative by hot aqueous-alcoholic 
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potassium hydroxide and subsequent addition of water, separated 
from alcohol in colourless prisms, m. p. 114'5°. 

Action of Nitric Acid on 9‘Benzoyl-S-metkyltetrahydrocarbazole , — 
3-Methyltetrahydrooarbazole (14-7 g.) was added in portions to a 
solution of magnesium (1-9 g.) in ethyl iodide (12-8 g.) and dry ether 
(180 c.o.)j and, after the evolution of ethane had ceased, benzoyl 
chloride (11-4 g.) was gradually introduced with shaking. After 
some time, ice and dilute hydrochloric acid were added, the ethereal 
solution was dried with calcium chloride, the ether removed, and the 
residual red oil distilled under reduced pressure. The distillate, 
collected at 265 — 265° /II mm., was crystallised from alcohol, from 
which d-benzoyl-S^meikylteiraiydrocc^rbazole separated in colourless 
prisms, m. p. 99° (Found : N, 4-9. C 2 oHi 90 N requires N, 4-8%). 

When a solution of 9-benzoyl-3-methyltetrahydrocarba2iole (2*6 g,) 
in glacial acetic acid (47 c.c.) was treated with nitric acid (0-9 g., 
d 1*42) at 30® and then left for 24 hours, l\-nitro-\9-hydroxy-9~ 
beiizoytS^methylhsmhydrocarbazole separated in pale yellow prisms, 
m. p. 123® (decomp., with evolution of oxides of nitrogen). It 
separated from benzene-petroleum in small prisms, m. p. 123 — 124® 
(deeomp.) (Found : N, 7-6. CgoHoQO^Ng requires N, 7*9%). When 
the solid precipitated by pouring the acetic acid mother-liquor into 
water was crystallised from methyl alcohol, 6(or iynitrO’9-benzoyl- 
S-imthyUetrahydrocarbazole separated in yellow needles, m. p. 142*6® 
(Found : N, 8*4. N, 8-4%). This compound, 

which formed by far the greater part of the product, was hydrolysed 
by aqueous-alcoholio sodium hydroxide to 5(or 7)-nitro-3-methyl- 
tetrahydrocarbazole, m. p. 186®, the identity of which was estab- 
lished by a mixed m. p. determination with the synthetical product. 

ActW7i of Nitric Acid on Ethyl i-Methylt€iT(ihydro<xirbazoi^ 
carboxylaU. — Ethyl Z~methyltetrdhydrocarbazole~9’Carboxylate was pre- 
pared by the Grignard reaction, similar to that used for the 9-benzoyl 
derivative, ethyl chloroformate being used. It was unnecessary 
here to distil the crude product, and the ester separated from alcohol 
in colourless prisms, m. p. 66 — ^67® (Found : N, 5-7. 
requires N, 6*5%). A solution of the ester (9*2 g.) in glacial acetic 
acid (16 c.c.) at 25® was treated with nitric acid (3*6 g., d 1*42), 
dissolved in acetic acid (4 c.c.), the temperature not being allowed to 
rise above 50®. After a short time, the yellow needles, m. p. 101°, 
which separated, were collected and recrystallised from alcohol, 
from which ethyl 6(or iynUro-Z-methyltetTahydrocarbazole‘9-carb- 
oxylate was isolated in yellow prisms, m. p. 104° (Found : N, 9*2. 
^ 16 Hi 8 ® 4^2 requires N, 9*3%). When treated with boiling aqueous- 
alcoholic sodium hydroxide, this product yielded 6(or 7)-nite«^'^ 
methyltetrahydrocarbazole, m. p. 187° (mixed m. p. 
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acetic acid mother-liquor deposited, on being kept for 24 hours, a 
further quantity, m. p. 100°, of this nitro-derivative. When the 
filtrate *vras subsequently concentrated by keeping in a vacuum 
desiccator over solid sodium hydroxide for several days a second 
product, m. p. 121 — 129°, separated, and, after recrystaDising this 
from alcohol, ethyl 10 : ll-d 2 %d 7 *ory- 3 - 7 we<AyZAeraA 2 ^rocar 6 azoZe- 9 - 
carboxylate was obtained in clusters of small, colourless prisms, 
m. p. 135° (Found ; N, 4-7. Gi 6 Hgi 04 N requires N, 4-8%). 

Reduction of Z-Methylteirahydrocarbazok, — mixture of 3-methyl- 
tetrahydrocarbazole (10 g.), alcohol (20 c.c.), concentrated hydro- 
chloric acid (20 c.c.), and granulated tin (20 g.) was boiled under 
reflux for 5 hours, filtered, as much alcohol as possible was distilled 
off, and the residue was made alkaline with sodium hydroxide (20 g. 
in concentrated aqueous solution). The solid product was collected 
on asbestos and extracted with ether, the filtrate being also extracted 
with ether. The solid then remaining was ground with aqueous 
sodium hydroxide and again extracted with ether. The united 
ethereal solutions were dried with potassium carbonate, and the oily 
residue remaining after removal of the solvent was crystallised from 
alcohol, 3-me(hylhexahydrocarbazole (A) separating in colourless 
prisms, m. p. 58'5° (Foimd : 0, 83'6; H, 9d; N, 7-4. O 13 H 17 N 
requires C, 83*4 ; H, 9*1 ; N, 7*5%), On concentrating the alcoholic 
mother-liquor, further quantities of 3-methylhexahydrocarbazole (A) 
were obtained, but ultimately a product, melting at 50 — 90°, began 
to separate. At this point the whole was dissolved in 60% sulphuric 
acid and then diluted with water to precipitate the very small 
quantity of non-basic, unreduced 3-methyltetrahydrocarbazole 
which was present. After filtration and basification by addition of 
concentrated aqueous ammonia, the resulting solid was recrystallised 
from alcohol, and d-methylTiexahydrocarbazole (B) separated in colour- 
less needles, m. p. 128° (Found : C, 83*8 ; H, 9*4. C 13 H 17 N requires 
0,834; H,9-l%). 

A solution of 3-methyltetrahydrocarbazole (10 g.) in 60% sulphuric 
acid (250 c.c.) was submitted to electrolytic reduction in the cathode 
compartment of an electrolytic cell, lead electrodes and a current 
of 5*5 amps. (0-03 amp. per sq. cm. of cathode) for 16 hours at room 
temperature being used, but, on dilution with water, unchanged 
3-methyltetrahydrocarbazole was recovered. The reduction was 
subsequently repeated, the cell bdng immersed in boiling water ; the 
solution was then diluted with its own volume of water, filtered, 
and made alkaline with ammonia. The product was taken up in 
ether, and, after crystallisation from petroleum, 3 -methylhexahydro- 
carbazole (A) was obtained in colourless plates, m. p. 57 — 68 °, its 
identity with the substance previously describe being established ' 
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by a mixed m. p. detennination. The presence of a second stereo- 
isomeride in this product was not observed. 

When 3 -methylhexahydrocarbazole (A) was shaken with an equal 
weight of benzoyl chloride in the presence of dilute aqueous sodium 
hydroxide, and the product was crystallised from alcohol, 
Q-benzoyl-Z-methylhexahydrocarbazoU (A) was obtained in colourless 
needles, m. p. 81-6° (Found ; N, 4-8. CgjoHgiOIT requires N, 4-8%). 
Q-Acetyl-3-methylhexahydrocarbazole (A) was isolated by boiling a 
solution of the base in acetic anhydride for 20 minutes and sub- 
sequently shaking with dilute aqueous sodium carbonate, and was 
obtained from alcohol in colourless, rhombic prisms, m. p. 101 °. 
The picrate of 3-methylhexahydrocarbazole (A) separated from 
toluene in yellow prisms, m. p. 115 — 116°. 

NitrO’derivatives of 6-Chlorotetrahydrocarbazole, — 6 -ChIorotetra- 
hydrocarbazole, prepared as described by Borsche, Witte, and Bothe 
(loc, cit), was obtained from alcohol in colourless prisms, m. p. 144°. 
A solution of this chloro-compound (2 g.) in concentrated sulphuric 
acid (13 c.c.) was treated gradually at — 10 ° with powdered potass- 
ium nitrate (1-15 g.), with continuous stirring, and the whole was 
then poured on ice. When the product was crystallised from alcohol 
and then ethyl acetate, Q-c}iloro-6{oT^ynitrotetrahydrocarbazole separ- 
ated in yellow plates, m. p. 183*5° (Found : N, 11 * 2 . CigHnOgNgCl 
requires N, 11*2%). A mixed m. p. detennination showed this 
product to be identical with the 6-chloro-5(or 7)-nitrotetrahydro- 
carbazole described below. 

4-Chloro-3-nitroanilme (12*5 g.) was dissolved m a warm mixture 
of concentrated hydrochloric acid (21 c.c.) and water (20 c.c.), the 
whole was rapidly cooled in a freezing mixture, and diazotised with 
aqueous sodium nitrite (6 g.). The filtered liquid was then added 
gradually during 10 minutes to a well-cooled mixture of saturated 
aqueous ammonium sulphite (40 c.c.) and concentrated ammonia 
(8 O.C.), and, after | hoxir, concentrated hydrochloric acid (70 c.c.) 
was added, the mixture warmed to 30°, and left over-night. The 
solid product was heated at 80° for a short time with concentrated 
hydrochloric acid (20 c.c.), and, after cooling and standing, the 
hydrazine hydrochloride was collected, dissolved in boiling water 
(200 C.C.), and the filtered solution treated with sodium acetate. After 
crystallisation from methyl alcohol, 4c-cJiloro-3‘nitrophenylhydr~ 
azim separated in orange needles, m, p. 109° (Found : N, 22*1. 
CgHgOgNsCl requires If, 224%). cyoloHexamme A-chloro-3‘nitro^ 
phenylhydrazone separated from a hot alcoholic solution of 4-chloro- 
3-nitrophenylhydrazine (2-5 g.) and cycfohexanone, (1*5 g.), on 
cooling, in red prisms, m, p. 106 — 107° (Found: N, 
C 12 S 14 O 2 N 3 CI requires N, 15*7%), When the mixture obtahirfftli^l 
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treating this hydrazone (7*5 g.) with boiling aqueous sulphuric acid 
(170 c.c. of 25%) for 10 minutes was crystallised from methyl 
alcohol, 6-chloro-5(or 7 )-nitrotetrahydrocarbazole separated in brown 
needles, m. p. 184^, and was found to be identical with the product 
of the direct nitration of 6 -chlorotetrahydrocarbazole. After collect- 
ing a further quantity of the same derivative by concentrating the 
methyl-alcoholic mother-liquor, the remaining filtrate was evaporated 
to di^ess and the residue crystallised from benzene. 6-Chhro- 
7 (or bynitrotetrahydrocarbazole then separated in orange needles, 
m. p. 162'' (Found : N, 11-1. CxgHnOgNaCfl requires N, 11-2%). 
These two isomeric nitro-compounds appeared to be produced in 
approximately equal amounts. 

By a process essentially similar to that described above, 4-chloro- 
2-nitroaniIine was converted into 4L-chloro-2-nitrophenylhydr(izine, 
which was isolated from alcohol in red needles, m. p. 134® (Found : 
X, 22-0%). cjcloHemnone 4:’^c7iloro-2’nUro2)h€iiylhydrazone, which 
separated from alcohol in red needles, m. p. 101 ®, was converted into 
d-cMoro-S-nitroietrahydrocarbazole by treating it for 20 minutes with 
boiling 30% sulphuric acid, the product being obtained from alcohol 
(charcoal) in orange-red needles, m. p. 213° (Found : X, 11*3%). 

Action of Nitric Acid on 6-CMoro-9-acetyltetraJiydrocarbazole . — 
The acetylation of 6 -chlorotetpahydrocarbazole proved to be a slow 
reaction, but when a solution of the substance in four times its 
weight of acetic anhydride containing 2 drops of concentrated 
sulphuric acid was boiled for 24 hours, 6-chloro-9’‘acetyltetrahydro~ 
carbazoU separated, on cooling, in colourless needles, m. p. 136° 
(imaltered by reorystallisation from acetic acid) (Found : N, 5*4. 
O 14 H 14 OXCI requires X, 5-6%). Xitric acid {d 1'42) did not react 
with this acetyl derivative in acetic acid until the temperature 
reached about 80°. A solution of the compound ( 8-8 g.) in glacial 
acetic acid (48 c.o.} at 90° was treated with nitric acid (3'5 g., d 1-42), 
in a little acetic acid. A vigorous reaction took place and the 
solution boiled. During 16 hours a yellow product, m. p. 206 — ^207°, 
separated, and, on recrystallising this from acetic acid, Q-chloro- 
10 : ll-dihydToxy-9-acetylhsxahydTocarbazoh was obtained in colour- 
less prisms, m. p, 222 ° (Found: X, 4*9, Ci 4 Hie 03 XCl requires 
5*0%). if the temperature during this reaction was maintamed 
at 80°, the product, which separated on standing for 24 hours, was 
ckarly a mixture of colourless prisms and yellow needles. After 
several crystallisations from alcohol, a small quantity of 6 -cAZoro- 
5(or 7)>'7Utro-9-aceiyUetrahydrocarbazole was isolated in yellow needles, 
la. p. 184-6— 186*5° (Found : X, 9*6. requires X, 

9*®%)- This product was much more readily obtained by treatiag 
the 9 -aceigrl compound ( 0-8 g.) in acetic acid (16 c.c.) at 65° with 
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fuming nitric acid (0*25 g., d 1*5), whereupon it crystaUised on 
standing. On hydrolysis, by boiling its solution in aqueous-alcoholic 
sodium hydroxide, it yielded 6-chloro-5(or 7)-nitrotetrahydro- 
carbazole, m. p. 184°, identical with one of the products from cyclo- 
hexanone 4 -ohloro- 3 -nitrophenylhydrazone. 

Action of Nitric Acid on 6-Chloro-9-benzoyltetrahydrocarbazole , — 
The benzoylation of 6 -chlorotetrahydrooarbazole was accomplished 
as described for the 3 -methyl derivative, but it was unnecessary to 
distil the crude product. After crystallisation from alcohol, Q-chloro- 
9-bmzoyltetrah^rocarbazole was obtained in colourless needles, m. p. 
122—123° {Pound ; N, 4*4. requires N, 4*5%). When 

a solution of this benzoyl compound (4*1 g.) in glacial acetic acid 
(20 c.c.) at 80° was treated with nitric acid (1*6 g., d 1*42) in a little 
acetic acid, yellow needles, m. p. 142°, separated gradually during 
12 hours. After recrj’stallisation from alcohol, 6-cMoro-5(or 7)- 
7iitro-9-benzoyltetraJiydrocarbazole was obtained in yellow needles, 
m. p. 148° (Pound: N, 7*8. C 19 H 15 O 3 N 2 CI requires N, 7*9%). 
When this product was hydrolysed by means of aqueous-alcoholic 
sodium hydroxide, 6-chloro-5(or 7)-nitrotetrahydrocarbazole, m. p. 
184°, identical with the sjmthetical substance, was obtained. The 
acetic acid mother-liquor, on keeping, deposited first a further 
quantity of the nitro-compound and then a pale yellow substance, 
melting at 142° with evolution of oxides of nitrogen. This was 
clearly different from the first product, since a mixture of the two 
melted at 130 — 133°, and the evolution of oxides of nitrogen on melt- 
ing is characteristic of the nitric acid addition products. The 
latter substance was more conveniently prepared by treating a 
solution of the benzoyl compound ( 1-8 g.) in acetic acid (10 c.c.) 
with fuming nitric acid (0-6 g., d 1*5, in a little acetic acid) at 40 — 
50°. 6 -Chloro - 1 1 - nitro - 10 - hydroxy - 9 - benzoylhexahydrocarbazoh 
immediately separated in colourless prisms, m. p. 147° (decomp., 
with evolution of oxides of nitrogen) (Pound : IT, 7*3. Ci 9 Hi 704 N 20 i 
requires N*, 7-5%). 

Action of Nitric Acid on Ethyl &*Chlorotetrdhydrocarbazole-9- 
carboxylode. — Ethyl 6-chlorotetrahydrocarbazole-9-carboxylatei prepared 
by a process similar to that described for the 3-methyl derivative, 
separated from alcohol in colourless needles, m, p. Ill — 112° (Found ; 
N, 5*1. OjsHigOgNCI requires IT, 5*0%). When the ester (2-0 g.) 
was treated in glacial acetic acid (6 c.c.) at 60° with nitric acid 
(0*7 g., d 1*42), rile product gradually separated as a yellow solid, 
m. p. 120 — 125°. After two crystallisations from alcohol, ethyl 
Q’€hloro-5{oT lynUrotetrahydrocarbazole-Q’-carbossylute was obtained 
in yellow neeffles, m. p. 126° (Found : N, 8 * 7 . C„Hi 50 *N»a 
requires N, 8-7%), which, on hydrolysis with aqueoas-deoly^ 



2464 PATTEESOiff j^jy mcalpine : decomposition of boknyl 

sodium hydroxide, yielded 6-chloro-5(or 7)-iiitrotetrahydrocarl)azole, 
m. p. 184°, identical with the synthetical product already described. 
When ethyl 6-chlorotetrahydrocarbazole-9-carboxylate (2 g.) was 
treated in acetic acid (12 c.c.) at 40 — 45° with fuming nitric acid 
(0*55 g., d I'o), a colourless product immediately separated. This 
melted at 136 — 137° with evolution of oxides of nitrogen and was 
clearly a nitric acid addition product. After crystallisation from 
ethyl acetate, ethyl %-chlaro-ll~nitro-lO-hydroxyhexahydro€arbazole’d- 
carboxylate was obtained in colourless prisms, m. p. 136—137° 
(decomp.) (Found; N, 8*1. CigHpOgJTaCl requires NT, 8-2%). 
When its solution in alcohol was boiled for an hour, the product, 
which separated in colourless prisms, m. p. 132°, appeared to be 
ethyl Q-chloro-lO : 11 - dihydroxyhexahydrocarbazole - 9 - carboxylate 
(Found : C, 58-1 ; H, o-8 ; N, 4-9. Ci 5 Hig 04 NCl requires C, 57-8 ; 
H,o*8; N,4-5%). 

The Bysojt Pebbins Labobatoby, 

OxTOBD. [Rec^ved, July 21**^ 1928.] 

CCCXXVI. — The Decompysition of Bornyl Benzene- and 
Naphthalene-sulphonates by Heat The Products 
of Hydrolysis of Bornyl and Menthyl Benzene- and 
Naphthcdene-sulpho7iates. The Influence of Solvents 
on the Temperature of Decoinposition of these Bornyl 
and Menthyl Sulphonates. 

By Thomas Stewabt Patterson and Irene Mary McAlpinb. 

In a recent paper (J., 1927, 349) we showed that the menthyl esters 
of benzene-, naphthalene-a- and naphthalene-^-sulphonic acids 
decomposed in two different ways according as they were (a) directly 
distilled under reduced pressure or (b) heated for some time before 
distillation. In the first case the main reaction was decomposition 
into menthene and the corresponding sulphonic acid, but in the 
second any menthene originally produced was converted into 
dimenthene and more complex substances. 

These results seemed sufficiently mterestiog to make it worth 
while to extend the investigation to the behaviour of the corre- 
sponding bornyl esters, and for this purpose we have used mostly 
the Z-bomyl derivatives, since d-bomeol is not easily obtained in 
pure condition. We examined first, fairly completely, the 
naphthalene-p-sulphomc ester, as it is rather more easily obtained ; 
the other esters were examined with less completeness, but suffi- 
cdently to establish similarity of behaviour m all three. 
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Decom^sition by Distillation under Reduced Pressure , — ^When 
bomyl naphthalene-p-sulphonate was distilled from an oil-bath as 
rapidly as possible under a pressure of 18 nun., a small quantity 
(15 — ^20% of the theoretical amount) of a clear, optically inactive 
liquid passed over at about 60®. This on redistillation boiled at 
155 — 158® under ordinary pressure and solidified to a white sub- 
stance, m. p. 51® (Found : C, 88*2, 88*1 ; H, 11-85, 11-8; M, cryo- 
scopic in benzene, 137. Calc, for C^QH^g: C, 88*2; H, 11*8%; 
My 136). The substance decolorised bromine and gave, when 
hydrogen chloride was passed through its solution in ether, a white 
precipitate which melted at 125 — 127® after recrystallisation from 
alcohol containing hydrogen chloride. These data indicate that 
the decomposition product is camphene. 

The residue in the flask after the distillation of the camphene 
separated into two layers, the lower of which solidified. We found 
it best to separate these layers by dissolving the whole mass in 
warm water and extracting the solution with toluene. The extract 
was dried with calcium chloride and distilled under reduced pressure 
and after removal of the solvent a viscous, almost inactive liquid 
distilled at 168® /4 mm. (Found: C, 88-1, 88*2; H, 11*8, 11*8. 
Calc, for C20H32: C, 88-2; H, 11-8%). Since Tsohugaev, on 
distilling bomyl methyl xanthogenate, obtained bomylene and a 
little camphene, and analogy seems to exist between the reactions 
of the xanthogenates and sulphonates xmder simitar conditions 
{e,g,y menthyl xanthogenates and sulphonates), the substance we 
have obtained is presumably dibomylene, for which, however, there 
is no veiy satisfactoiy criterion beyond the analytical data. In 
addition to this liquid a certain amount of a gelatinous material of 
indefinite boiling point was obtained, but this we have not been 
able either to purify or identify. 

The aqueous layer after the extraction with toluene was strongly 
acid : by neutralising it with barium carbonate a salt was obtained 
(Pound: Ba, 24-1, 24-15%), showing that the other product of 
decomposition was naphthalene-p-sulphonic acid. 

Bomyl naphthalene-a-sulphonate and bomyl benzenesulphonate 
distilled xmder reduced pressure gave the same volatile products, 
leaving behind naphthalene-a-sulphonic acid and benzenesulphonic 
acid respectively. 

It thus appears that by distilling these sulphonic esters of bomeol, 
a small quantity of camphene and a considerable quantity of di- 
bomylene and a more complex product are obtained, whereas 
Tschugaev by decomposing bomyl methyl xanthogenate obtaihe^i 
mainly bomylene and a little camphene. 

Bomyl naphthatene-p-sulphonate heated in a sealed tuB^ 

4m 
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pressure is developed) at 80 — 90® for 2 — 3 hours was completely 
separated into two layers. On cooling, the lower layer (B) solidified. 
The upper layer (A) on distillation under reduced pressure gave two 
fractions, b. p. 60 — 65® /4 mm. and 140 — ^240® /4 mm. The foimier 
on redistillation boiled at 157—160° under ordinary pressure and 
ultimately solidified; m. p. 85° (Found: C, 86-7, 86-7; H, 13-2, 
13-2 ; J/, cryoscopic in benzene, 136-8. Calc, for : C, 86-9 ; 

H, 13-1%; Af, 138). The substance did not decolorise bromine 
and would appear to be dihydrocamphene, since it corresponds 
closely with the behaviour given for that substance by Vavon 
(Compt rend,, 1907, 149, 997) and by Henderson and Pollock 
(J., 1910, 97, 1620), and, if Wagner's formula for camphene is 

CHg— (?H— CHMe 

accepted, mav be presumed to have the formula CHo 

GHo— CH— (DMe^ 

but no more satisfactory method of identifying this compound 
seems to be available. 

The higher-boiling portion on distillation under reduced pressure 
gave two fractions, one boiling at 168°/4 mm., and the other, a 
gelatinous mass which could not be purified or identified, boiling 
from 240 — 210° ji mm. (Found for the former : C, 88 - 2 , 88 - 2 ; H, 
11-8, 11-8; if, cryoscopic in benzene, 268-7. Calc, for C 20 H 32 : 
C,88-2; H, 11-8%; if, 272). 

Since on decomposition, in sealed tubes, of the corresponding 
menthyl sulphonates, dimenthene was formed, the above substance 
is presumably dibornylene. It has the same physical properties as 
the substance obtained on decomposition by direct distillation. 

The strongly acid, solid layer (B) was dissolved in water and 
boiled with animal charcoal, and a barium salt was precipitated 
by means of barium chloride and recrystallised from water [Found : 
Ba, 24-0, 24-15. Calc, for Ba(S 03 *C 3 jQH 7 ) 2 ,H 20 : Ba, 24-1%]. 
The solid is therefore naphthalene-p-sulphonic acid. 

Bornyl naphthalene-a-sulphonate and bornyl benzenesulphonate 
decomposed in a strictly analogous fashion, yielding also what were 
probably dihydrocamphene, dibornylene, and a gelatinous mass 
of high boiling point, along with the corresponding sulphonic 
acid. 

Decomposition in Solution . — ^When bornyl naphthalene-p-sul- 
phonate was heated to boiling in 10 % benzene solution for 6 hours 
there was no change in the rotation of the solution. If, however, 
toluene was substituted for benzene and the solution heated to 110 °, 
definite decomposition took place and, on cooling, a solid separated. 
This was acid and gave the characteristic barium salt of naphthalene- 
a-sulphonic acid. On distillatioa of the filtrate a liquid, b. p. 285 — 
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290®, or 168®/4 mm., was obtained identical with the high-boiling 
liquid presumed to be dibomylene. 

The two corresponding esters decomposed in the same way, 
giving dibomylene and the corresponding sulphonic acid, when 
heated in solution in toluene. Bornyl benzenesulphonate gave a 
similar result even in boiling benzene. 

Hydrolysis of Bornyl Benzene- and NapMhcdem-sulphy^^ — 
d-Bomeol prepared from camphor by reduction contains a con- 
siderable proportion of Z-isobomeol which renders the preparation 
of pure d-bomeol rather difficult. We found that the bomyl 
naphthalene-p-sulphonate obtained from commercial d-bomeol, 
unlike the naphthalene-a-sulphonate or the benzenesulphonate, 
could be completely purified by recrystallisation, and it seemed a 
comparatively simple matter to obtain pure d-bomeol by hydrolysing 
the ester thus purified. These bomyl esters, however, cannot be 
hydrolysed in any of the usual ways, the products obtained being 
somewhat similar to those got by direct decomposition of the esters. 

(1) Action of vMtr and aqueous potassium hydroxide. When 
steam was blown through bornyl naphthalene-p-sulphonate sus- 
pended in water or in dilute aqueous caustic potash for 20 — 30 
minutes, only water appeared to distil over and the ester seemed 
to be practically unchanged. 

But when the ester was heated on the water-bath for 2 — 3 hours 
with either water or caustic alkali, decomposition took place, and 
steam now removed a colourless liquid. This did not solidify when 
separated from the water, and was ethereal in odour. Itenzene 
extracted from it a liquid, b. p. 165 — ^159°, which was optically 
inactive, gave on analysis results corresponding roughly to the 
formula CjoHie, and from its odour seemed to be mostly camphene : 
it decolorised bromine water. It gave no solid hydrochloride 
when treated in ether with dry hydrogen chloride, but, on evapor- 
ation of the ether, the residue separated into a brown oil and a 
colourless portion. The latter solidified and had the melting point 
of camphene hydrochloride. Such camphene as was formed, 
however, was apparently mixed with other substances, it being 
very probable that even i£ hydrolysis gave different products from 
the simple heating of the ester the products of hydrolysis were almost 
certain, in the circumstances of the experiment, to be mixed with 
the products due to direct decomposition of the ester by heat. 
It was not foimd possible to identify definitely the substances 
present, but certainly no bomeol was obtained. 

(2) Akohclio potassium hydroxide. A solution of bomyl 
naphthalene-^-sulphonate in a slight excess of alcoholic caus^ 
potash, when heated on the water-bath for several hours, dex)0^ted» 
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potassiuzQ. naphthalene- p-sulphonate. The alcoholic solution was 
dried with potassium carbonate and most of the alcohol distilled 
off under reduced pressure. On pouring the residue into water a 
very small quantity of unchanged ester separated. No bomeol was 
obtained) and we found it impossible completely to identify the 
products of hydrolysis. All that was noticeable was a strong odour 
of camphene — a substance extremely difl&cult to separate from its 
alcoholic solution. 

We attempted this separation by distillation with an efiS-cient 
fractionating column without success, but, by passing dry hydrogen 
chloride through the alcoholic solution and adding water, camphene 
hydrochloride was precipitated; it was rapidly filtered off and 
crystallised from alcohol containing hydrogen chloride, sufficient 
being obtained for identification. Any other substances present 
could not be identified. 

In another attempt, the alcoholic solution was poured into a large 
excess of water, and the whole extracted with toluene, although 
this did not remove all the camphene. The toluene solution was 
dried with calcium chloride, and the toluene distiQed off under 
reduced pressure. The main portion of the residue distilled at 165° 
and formed camphene hydrochloride, but some higher-boiling 
material had also been formed which could not be satisfactorily 
identified. The amoiuit of terpene isolated in this manner was 
about 10% of the theoretical. Experiments to hydrolyse the ester 
with sodium ethoxide in alcohol and with barium hydroxide in 
aqueous alcohol were equally unsuccessful, the same products 
being again indicated. It seems very remarkable that, whereas 
such esters as bomyl acetate, bornyl p-nitrobenzoate (Henderson 
and Heilbron, P., 1913, 381), bomyl hydrogen phthalate {Pickard 
and Littlebury, J., 1907, 91, 1973), and bomyl mandelate (McKenzie 
and Thompson, J., 1905, 87, 1013) can easily be hydrolysed in a 
normal manner, bornyl benzene- and naphthalene-sulphonates 
decompose in an entirely different fashion, presumably similar to 
that in which they are decomposed by simple heating. 

Hydrdysia of Menfhyl Benzene- and 
On account of the peculiarities observed with the bomyl esters we 
examined also the hydrolysis of the correspondii^ menthyl 
derivatives. 

(i) Adion of aqueous potassium hydroxide. When menthyl 
b^enesulphonate was heated for several hours at about 80—85° 
with aqueous potassium hydroxide solution (10 — 16%), decom- 
position (which was not complete even after 5 Or 6 hours) took place 
and a oolouriess oil separated. This was distilled ov^ in steam 
isok^ mews of bemswe* Zt boiled at 165°, ^ve cm anal ytris 
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figures corresponding almost exactly to the formula CiqHisj decolor- 
ised bromine, formed a nitrosochloride, m. p. 115°, and was therefore 
menthene. No side reactions seemed to take place in this case. 

Menthene was similarly formed when menthyl naphthalene-p- 
sulphonate was treated with aqueous potassium hydroxide, but 
even after heating for 6 hours 50% of the ester was recovered 
unchanged. 

(ii) Hydrolysis with barium hydroxide. The three menthyl 
suiphonates were all decomposed by heating with aqueous-alcoholic 
solutions of barium hydroxide. The barium salt of the acid was 
formed almost quantitatively in each case. No menthol, however, 
could be obtained, but menthene was produced and was extracted 
from the aqueous-alcoholic solution by toluene ; little, if any, of the 
higher-boiling dimenthene was formed. The decomposition, there- 
fore, with aqueous caustic potash and with alcoholic barium 
hydroxide is practically identical with the decomposition of the 
esters when distilled rapidly under reduced pressure. 

Temperature of Decomposition in Different Solvents, — ^From the 
experiments which have been detailed both here and in connexion 
with the menthyl esters, it appeared that the decomposition of these 
suiphonates took place more rapidly in certain solvents than in 
others, and we thought it worth while to examine this phenomenon 
systematically. We therefore made up 0-8 g. of ester to 10 c.e, 
with various solvents and heated the solution for one hour in a 
thermostat kept at a definite temperature. The solution was then 
cooled rapidly, diluted with 20 c.e. of absolute alcohol (distilled 
over quicklime), and titrated with alcoholic potash, a blank experi- 
ment being carried out in each case. The results are shown in the 
table on p. 2470. 

It will be observed that not only does increase of temperature 
cause an increase in the velocity of the reaction, but that there is a 
great diversity of effect between the different solvents, the rate of 
increase being much greater in some than in others. The effect 
of the same solvent on the three esters, however, is, in general, fairly 
similar. Toluene causes little decomposition in 1 hour at any of the 
temperatures used, and the alcohols cause considerable decomposition 
at aU temperatures, the percentage increasing with decrease in 
molecular weight of the alcohoL Although decomposition in the 
non-alcoholic solvents practically ceases below 85°, it continues to 
be quite appreciable in the alcohols at considerably lower temper- 
atures. In fact, methyl alcohol at 65° causes more decompositim 
in a given time than the non-alcoholic solvents at 90 — 95°. Wat^ 
would probably show the greatest effect, but this could 
proved owing to the insolubility of these esters even .in 
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alcoholic solutions. Nitrobenzene causes little decomposition 
below 100®, but at 105° decomposition is practically complete in 
all cases. Ethylene dibromide causes little decomposition in 
menthyl benzenesulphonate eren at 105®, but almost complete 
decomposition at this temperature in 1 hour in the two naphthalene- 
sulphonic esters. 


Percentage of ester decomposed in one hour. 


Temp. 

C,H,. 

C^Hs-NO,, 


C,NHs. 


BuOH. 

Pr-OH. 

Eton. 

MeOH. 




Menthyl benzenesulphonate. 













— 

— 

— 

3-73 

8-95 

70 



— 

— 

— 


— 

3-17 

5-13 

— 

75 





— 




4-10 

5-88 

8-73 

— 

80 





— 

— 

- 

6-77 

10-70 

— 

— 

85 

0-98 

2-37 

— 

2-37 

9-89 

10-85 

16-42 

— 

— 

90 

1-04 

2-75 

2*48 

3-19 

16-20 

17-27 

25-74 

— 

— 

95 

1-06 

5-88 

2-67 

4-72 

27-17 

28-15 

38-39 

— 

— 

100 

2-23 

12-87 

4-20 

9-80 

43-12 

45-14 

— 

— 


105 

2-37 

82-15 

9-18 

14-08 

54-44 

60-23 







Bomyl naphthalene-]S-sulphonate. 




65 


— 

— 

— 

— 

— — 


3-19 


70 


— 

— 

— 

— 

3*12 

4-01 

6*44 


75 


— 

— 

— 

— 

5-31 

7-12 

9-78 


80 


— 

— 

— 

— 

7-61 

10-58 

— 


85 


— 

— 

— 

— 

12-65 

15-31 

— 


90 


6-41 

4-39 

5-21 

17-16 

20-90 

26*35 



95 


7-33 

6-30 

6-36 

27-82 

31-61 

42-03 

— 


100 

1-05 

71-53 

22-90 

7-67 

39-79 

43-92 

— 

— 

— 

105 

1-06 

64-73 

71-54 

11-83 

58-27 

67-50 

— 

— 




(ihr.) 








65 



Menthyl naphthalene-]3-sulphonate. 

4-92 


76 











5-62 

8-27 

13-53 


95 

1-60 

9-30 

7-02 

6-20 

26-96 

30-77 

41-68 

— 


100 

1-50 

63-23 

28-14 

9-11 

41-21 

45-02 

— 



105 

1-55 

98-63 

99-56 

13-86 

56-13 

62-92 

— 

— 



Experimental. 

1-Bcmyl Benzeneaidphimaie . — Pure Z-bomeol {18’5 g.) recrystallised 
from light petroleum [m. p. 203°, [aJJJJj (benzene, c = 5-25) 
— ^-81 °] was dissolved in pyridine (60 g.) and cooled to 0°. Benzene- 
sulphonyl chloride (21-1 g.) was then added veiy slowly with 
constant strrring, the temperature being kept below 3°. Crystals 
soon began to separate, and on continued stirring became very 
abundant. After 3 or 4 hours, a large quantity of water was added 
and ultimately the oil which jSrst separated solidified ; it was then 
filtered off and dried. In several preparations the oil would not 
solidify in contact with water. It was then extracted with benzene, 
the extract dried with calcium chloride, and the benzene removed 
by evaporation in air and finally over sulphuric acid in a vacuum 
desiccator; the residue then solidified to a pale yellow, crystalline 



BENZEUTE- AND NAPHTHALENE-SDUPHONATES BY HEAT. 2471 

\‘Bomyl bmzenesulphonate is very soluble in all common organic 
solvents; but may be crystallised from light petroleum, giving 
fine, white, slightly elongated crystals, m. p. 52° ; [oc.]^ in benzene 
(c = 2-5) — 22*40°, in alcohol (c = 2*6) — 22 * 00 °. Several crystal- 
lisations are necessary to obtain the substance free from borneol; 
the yield of pure product is about 25% [Found : S (fusion method), 
10*7. CigHg^OgS requires S, 10*95%]. 

d^Bornyl benzmesidphonate, m. p. 52°, is prepared and purified in 
exactly the same way as the i-ester. When prepared from crude 
d-bomeol, a product is obtained the rotation of which is lower 
than that of the pure Z-compound, + 21*30° (similar conditions), 
and we were unable to raise it by crystallisation. 

\-B<ymyl naphthalene-^-sulphonate was prepared from pure 
Z-bomeol (18*5 g.) in pure pyridine (90 g.) by means of naphthalene- 
P-sulphonyl chloride (27*2 g.) in a similar manner to the benzene- 
sulphonate. It is soluble in all the common solvents, but may 
be recrystaUised from methyl or ethyl alcohol, and from light 
petroleum, from which it separates in stellate masses of glistening, 
white, needle-shaped crj^stals. After three crystallisations it has 
m. p. 76°, and in benzene (c = 3) — 16*50° and in alcohol 
(c = 2*5) — 16*00°. The yield of pure product is 60% [Foimd : 
S (fusion method), 9*2. C 20 H 24 O 3 S requires S, 9*3%]. 

d-J?077i^Z impMh^lene-^-mlpkomie was prepared, in exactly the 
same way as the correspondii^ Z-ester, from commercial d-bomeol, 
which contains Z-iaobomeol. Crystallisation from methyl or ethyl 
alcohol or light petroleum alone gave a product of m. p. 76°, the 
rotation of which, however, could not be raised beyond [a]Jig* 
(in benzene, c = 3) — 15*8°. But after the ester had been crystal- 
lised twice from a mixture of methyl alcohol and light petroleum 
the rotation rose to the value found for the Z-ester. 

l~Bomyl naphthalene-(x,-sulphonate was prepared and isolated in 
the way described for Z-bornyl benzenesulphonate, naphthalene-a- 
sulphonyl chloride (27*2 g.) being used. The substance was difiBcult 
to purify owing to its great solubility, but after three to six recrystal- 
lisations from light petroleum it was obtained in fine, white crystals, 
m. p. 90°, [a] 55 S" in benzene {c = 2*5) — 23*20° and in alcohol 
[c = 2*5) — 26*4° (Found : S, 9*2. C 20 H 24 O 3 S requires S, 9*3%). 

The corresponding d-ester was prepared from crude d-bomeol 
but could not be completely purified. 

Summary, 


Menthyl esters of benzene-, naphthalene-a- and naphthalene-P- 
sulphonic acids, when directly distilled imder reduced pressure, 
yield menthene and the corresponding sulphonic acid ; but if th^ 
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are heated for some time before distillation, dimenthene and more 
complex siibstanees-are produced, but no menthene. 

The corresponding bomyl esters, when directly distilled, yield 
camphene, dibornylene, a more complex gelatinous material which 
we have been unable to purify or identify, and sulphonic acid. 

The bornyl esters, when heated for 2 or 3 hours and then distilled, 
yield dihydrocamphene, dibornylene, a gelatinous material, and 
sulphonic acid. 

The bornyl esters, heated to boiling in toluene solution, yield 
dibornylene and the corresponding sulphonic acid. 

These changes may be represented thus ; — 


CH,.CH-CH, 


i 


!H— CH- 


IH„-CMe-CH-0-S0,R 



CHg-gH-CHMe 

CHa-C^dMe, 

DUiydrocamjhme. 



Dibornylene. 


CHis-gH-CICH, 

C3H,-6H-(ke, 

Camphene, 


if the current formulae for camphene and dihydrocamphene be 
accepted. 

The menthyl and bomyl esters of benzene- and the naphthalene- 
sulphonic acids do not hydrolyse to yield menthol and bomeol, 
but, on the contrary, decompose in somewhat the same way as 
when heated alone. 

The rate at which these esters decompose in solution depends 
quite markedly on the nature of the solvent ; and in the alcohols 
the velocity increases rapidly as the molecular weight diminishes. 
Tables are given showing this behaviour. 


Univebsity op Glasgow. 


[Received, May 2%tk, 1928 .] 


CCCXXVII . — The Influence of Solvents on the Eotation 
of O'pticaUy Active Compounds. Part XXV. Bomyl 
Benzene- and Naphthalene-sulphonates in Various 
Solvents. 

By Thohas Stewabt Pattebson and Ibene Maby McAuine. 

We have examined the rotaticms of the esters described in the 
forgoing paper for three colours of light, mercury yellow (x= 6790), 
mercu^ gi^ (A = 5461), and mareury violet {>. = 4358), in several 
solvents which, for convenience of reference, are indicated by letters 



EOTATION OF OPTICALLY ACTIVE GOMPOrirDS. PABT XXV. 2473 


of the alphabet, namely, (a) ethyl alcohol, {b) benzene, (c) pyridine, 
(d) ethylene dibromide, (e) quinoline, (/) nitrobenzene. Only one 
solution was examined in each case at a concentration between 2*5 
and 3*5. The data are given in Table I. 

Table L 

Specific Botations of Bornyl Sviphonates in Various Solvents, 
t = approximately 17*5® throughout. 


Solvent. a. b. c. d, e. /. 

Concentration 2-6 3-0 3*5 3*5 3*5 3*5 

Z-Bomyl naphthalene-jS-siilphonate. 

YeUow -U-OO'* -14*25° -14-99° -19*43° -17*29° -13*14° 

Green 16-00 16-60 17-28 22-43 20-00 15*14 

Violet 26-40 27-17 28-56 37*14 33*14 25-14 

Z-Bomyl benzenesulphonate. 

Y'eliow -19-00 -19-98 -21-84 -25*60 -26-56 -18-85 

Green 22-00 23*15 24-84 29-43 30-57 21-74 

Violet 36-40 38-30 41-13 49-00 51-13 36-00 

Z-Bomyl naphthalene-a-sulphonate. 

YeUow -22-80 -20-51 -18*14 -26-28 -27*14 -20-00 

Green 26-40 23-30 20*71 30-00 31-14 22-83 

Violet 43*60 38-80 34*11 49-57 51*43 38-28 


The rotations vary considerably in each case with change of 
solvent. Bomyl naphthalene-^-sulphonate has the lowest rotation 
values except for the solution in ethylene dibromide, which overlaps 
some of the values for other esters. The rotations of the other two 
esters in the diflEerent solvents overlap each other completely, the 
range of variation being greater, however, with the naphthalene- 
a-sulphonate than with the benzenesulphonio ester. The different 
solvents do not influence the rotations in the same w^ay, although 
there are resemblances. Quinoline, which usually has a powerful 
exalting or depressing influence, produces the highest rotation in 
bomyl naphthalene- a-sulphonate and in bornyl benzenesulphonate, 
and the second highest rotation in bomyl naphthalene- p-sulphonate. 
In ethylene dibromide, which generally has a powerful influence in 
the opposite direction to quinoline, bomyl naphthalene- p-sulphonate 
shows the highest rotation and the other two the second highest. 
Nitrobenzene produces the lowest rotation in bomyl naphthalene- p- 
sulphonate and in bomyl benzenesulphonate, and the second lowest 
in bomyl naphthalene-a-sulphonate. The lowest rotation of this 
ester is produced by pyridine. There is thus some similarity in the 
action of tiae same solvent on the three esters. 

The values obtained for the rotation of the three esters in the 
various solvents were plotted on a oharacteristic diagram, and 
with good agreement along lines intersecting one another very naeir 
4 m2 
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the point of origin of the diagram. It therefore follows that the 
dispersion coefficients for all these compounds, calculated by the 
ordinary method, ought to be the same throughout. This is seen 
by Table 11 to be roughly the case. 

Table II. 

Dispersion Ratios, 


Bomyl benzene- Bornyl naphtha- Bomyl naphtha- 
suiphonate. lene-a-sulphonate. lene-j?-sulphonate. 

Solvent. Hgv/Hgs. Hgy/Hgg. Hgr/Hgg. Hg^r/Hgg. Hgv/Hgg. Hgy/Hgg. 

Alcohol 1-655 0*864 1-625 0*875 1-661 0*863 

Benzene 1*654 0-863 1*646 0*863 1-650 0-873 

Pyridine 1*655 0*879 1*652 0*868 1-647 0-876 

Ethylene di- 

bromide ... 1-665 0*868 1-656 0-866 1-652 0-876 

Quinoline ... 1-683 0-878 1-658 0-864 1-667 0-871 

nitrobenzene 1-655 0-867 1-661 0-868 1-675 0-875 


This property seems to be characteristic of bomyl and menthyl 
esters. Indeed the characteristic diagrams for the bomyl sulphonic 
esters and the menthyl sulphonic esters nearly coincide. Kenyon 
and Pickard have foimd ( J., 1915, 107, 35) that most menthyl deriv- 
atives lie on the same characteristic diagram with dispersion 
coefficient mercmy violet/mercury green 1-634 to 1-675. The 
menthyl sulphonic esters have approximately the same coefficient, 
and lie on the same diagram. The bomyl esters that they plotted 
had as coefficient V/G = 1*707 to 1*871. The sulphonic esters that 
we have investigated, however, do not lie on this diagram, but on 
that which contains the majority of the menthyl compounds. 

Our thanks are due to the Department of Scientific and Industrial 
Research and to the Carnegie Trustees for the Universities of 
Scotland for assistance in connexion with the work described in this 
and the preceding paper, 

Univebsity op Glasgow. [Received, May 26th, 1928.] 


CCCXXVIII . — Equilibrium in the Biruiry Systems 
Cresols- Amines. 

By Nikolai Aktonovitcih Pitshin and Ljtjdevit Sladovi6. 

Ik this paper equilibiinm diagrams are described which were 
obtained from thermal analysis of mistores of o-, m~, or p-cresol, on 
the one hand, and dimethylaniline, p-toluidine, quinoline, pipeii(&ie, 
1 : 5-naphthylenediamine, or carbamide, on the other. Bor every 
mixture the following data were determined : (1 > the temperature of 
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complete melting of the crystallised mixture; (2) the complete 
cooling curve ; (3) the duration of the eutectic crystallisation. 

In the tables the temperature I is that of primary crystallisation, 
and II that of the eutectic (or final) crystallisation. The temperature 
m, when given, refers to complete melting of the mixture, and IV 
(for o-cresol and carbamide only) is the transition temperature. 

Table I. 

o-Cresol-Dimethylaniline (Fig. 1). 


Temp. Temp. 


O0S[5*NiMe2, 






mols. %. 

I. 

n. 

mois. %* 

I. 

n. 

0 

29*5® 


55 

- 


10 

23*8 


60 

- 8*5 


20 

13*5 

-27*6® 

65 

-11*2 

-16*2® 

30 

2-5 

-17*7 

70 

— 

-15*6 

35 

- 4*1 

-13*5 

75 

-13*7 

-16 

40 

— 

-10*5 

80 

-10*7 

-16*2 

45 

- 8*6 


90 

- 5 


60 

- 7*4 


100 

+ 1*6 




— ^The diagram is composed of three 
parts and is characterised by two eutectic points with one open 
maximum at 50 mol.% of each component, showing the formaticm of 
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a definite compound of equimolecular composition, m. p. —6°. The 
two eutectics B and D correspond to 40 mols.% (at —9°) and 
70 mols.% (at — 14“) of dimethylaniline respectively. The triangle 
def shows the relative duration of crystallisation at and near the 
first eutectic point. 


Table II. 

jj-Oesol-Dimethylaniline (Fig. 1). 


Temp. Temp. 


mois. %. 

I. 

II. 

CgHs'NjVIejj, 

mols.% 

r 

I. 

% 

II. 

0 

33" 



55 

-31'3" 

-38*4" 

10 

24*6 

— 

60 

-24-S 

-39*3 

20 

11-7 



65 

-20-7 

-41-7 

30 

~ 0*S 

-39-8=* 

70 

-16*4 

-39-4 

40 

-19 

-36-2 

SO 

-10-2 

— 

4o 

-28 

-41 

90 

- 5 

— 

50 

— 

-37*2 

100 

-f 1-6 

— 

p-Creaol-Dimethylanilim. — Both 

the cooling 

curves 

and the 


temperatures of definite melting of the mixtures lead to the con- 
clusion that p-cresol does not form a definite compound with 
dimethylaniline but only mechanically mixed crystals. The 
diagram is composed of two arms intersecting in the eutectic point 
(SO mols,% and —35°), the position of which is confirmed by the 
triangle abc for the duration of crystallisation. 

Table III. 


o-Cresol-p-Toluidine (Fig. 2). 



Temp. 


Temp. 


Temp. 



s 



mols. %, 

I. II, 

mols, %.* 

I. 

II, 

mols. %. 

I. 

n. 

0 

30-3® — 

30 

21-4® 

12-9° 

75 



24-8' 

10 

23 — 

40 

32*8 

— 

80 

31® 

25-6 

15 

19-2 14® 

50 

38 

— 

90 

37-3 

22-5 

20 

— 14 

60 

34 

22*2 

100 

43'5 

— 

25 

17-6 13-8 

70 

26-5 

24*5 





Table IV. 

p-Cresol-iJ-Toluidine (Fig. 2) 


%. 

Temp. 

CyH,*]rat, 

Temp. 


Temp. 






* 

I. 

n. 

mols. %. 

I. 

n. 

mols. %. 

I. 

n. 

0 

34-4® 


32 

— 

12-1® 

60 

17-1“ 14-8“ 

10 

27-3 

— 

36 

14® 

9-1 

65 

— 16-4 

17-5 

22*6 

— 

40 

16-4 

, — 

70 

20-9 

15 

20 

20*6 

3*8® 

44 

18-6 

— 

80 

30-4 

16-8 

23 

18*6 


50 

20-5 

— 

90 

37-4 14*1 

25 

30 

163 

13*4 

7-6 

11*7 

55 

19-1 

— 

100 

43-6 — 
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o-Cresol-'p-Toluid ine and ’p-Cresol-^-Toluidine . — These t”w^o 
systems give very similar diagrams, each consisting of three sections 
and two eutectic points with one open maximum between them 
which corresponds to 50 mols.% of each component. Hence each 
pair forms an equimolecular compound of m. p.’s 38® and 20*5®, 
respectively, melting being without decomposition in each case. In 
the system o-cresol-p-toluidine the eutectic points are at 22 and 
72 mols.% of 5 ?-toluidine, and 14® and 25*6®, and in the other system 
at 32 and 65 mols.% and 12-1® and 16*4®. The duration of eutectic 


Fig. 2. 



crystallisation of different mixtures (triangles abc, cde, fgh, hik) 
confirms the position of the eutectic points. 

Although o-cresol melts at a lower temperature (30-3°) than 
p-cresol (34-4®), yet in the equimolecular compounds with ^-toluidine 
there is a difference of 18-5® in the reverse direction. If it be assumed 
that a greater change in physical properties corresponds to a deeper 
change in the chemical nature and to greater stability of a newly- 
formed compound, then it follows that the o-cresol compound is 
more stable than its isomeride. 

m-Cresol^-p^Toluidim. — ^In this system the temperature of 
primary or^tallisation is given as well as the temperature of 
of the last crystals. The first curve is shown by a continucwas 
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Table V. 

m-Cresol-p-Tolmdine (Kg. 3). 


'7^7'^ ■^2» 

mols. %. 





mols. %. 


Temp. 


I. 

EL 

m. 

I. 

"nT 

ni. 

0 

9-4° 



10*4° 

62*5 


8*2° 

16® 

10 

- 3-9 



- 1*0 

65 


8*6 

17*4 

17*5 

-16-4 

-20® 

- 9 

67*5 

16*5® 

8-5 

18*9 

25 

-16*7 

-21-7 

- 7*3 

70 

17*5 

5*2 

21-7 

30 

- 2-5 


2*5 

72*5 

21*5 

6*9 

24*7 

40 

-f 7-7 



10*6 

75 

24 

5*8 

26-7 

45 

10-1 


12 

77-5 

26*2 

4*4 

29*3 

50 

11*8 



12*9 

80 

28*6 

5 

31 

52 

11*5 



12*9 

85 

33-7 


35*1 

55 

57*5 

60 

10*7 

9*7 

9*1 

12- 2 90 

13- 0 100 

14- 8 

Fie. 3. 

37-2 

43-5 


38 



f of piperidine 0 O O 
Moie, %-\of quinoline O O O ond -f- + -f 
(, 0 / p-Uduidine • • • and XXX 


second by a broken line (Kg. 3) ; the two are almost parallel, but 
the upper curve (complete melting) gives more definite results than 
the other because in the ranges 17*5 — 26 and 55 — 67*6 mols.% of 
p-toluidine it has not been possible to determine the temperature of 
the primary crystallisation, owing to the slowness of crystallisation 
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Table VI. 

o-Cresol-Quinoline (Fig. 4). 




Temp. 




Temp. 











s 

mols. %. 

I. 

n. 

III. 


I. 

II. 

in. 

0 

29-5“ 

— 

30*3° 

50 

32° 



34*2' 

10 

23 

18*6° 

24*4 

55 

2*8 



7 

15 

18-7 

18*7 

20*7 

60 

3 

— 

+ 3*5 

20 

22*8 

18*5 

26*6 

60 

24*1 

— 

+29 

30 

32-8 


34 

65 

13*5 

— 

23 

33-3 

33-5 


34*5 

70 

24*5 

-30*7° 

- 1*2 

37 

32-5 


33-7 

70 

5 

-27*4 

+ 14 

40 

30*1 


32 

75 

4*3 

— 

+ 5 

42-5 

— 


30-5 

80 

16*7 

-27*7 

— 4 

45 

22 


26*4 

85 

26*4 

— 

-15*5 

45 

28*3 


31*7 

90 

28*7 

— 

-22*8 

47*5 

30*7 


33*4 

95 

22*3 



-19 

60 

10*5 


17 

100 

16 

— 

-15 


Fi<J. 4. 



andto the proximity to theeutectic point. Thepositionsof theeutectic 
points and can therefore be determined only approximately, 
but the eutectic point N lies at 22 mols.% of p-toluidine and —14®, 
and P at 56 mols-% and 12°. The maximum at 0 corresponds to an 
equimolecular compound. 

There appears to be a break in the curve at 67 mols.% oi 
p-toluidine, and on the cooling curves there is a slight change pS 
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direction, corresponding to a heat effect, at 72*5 — 80% ; no 
significance can be attached to these, however. 

o-Cresol-QuinGlim,—'SoT this system the cooling curve, 
and the temperatures of complete melting of 
crystalline mixtures (curve ABCDEFG) have been determined 
(see Fig. 4). These curves are very similar, but in places they are 
separated by 12®. 

The diagram is composed of four sections giving two open maxima 
at C and E, corresponding to compounds C 9 H 7 N, 2 C 7 H 7 'OH (m. p, 
34*5®) and C 9 H 7 N,C 7 H 7 *OH (m. p. 34*2®). Two eutectics are at 
15 and 88 mols.% of quinoline and 20® and —24® xespectively. 

The lines DH and represent a metastable state of the 

ternary and not of the binary compound, for (1) they are continu- 
ations of the curves CD and and (2) every temperature of 
crystallisation of the mixture along the curve corresponds to 
a temperature along the curve DH^ where the whole mixture is in a 
liquid state, whereas the crystals of the binary compound melt only 
at temperature shown by the curve DEF, 


Table VII. 

p-Cresol--Quinoline (Fig. 3). 



Temp. 

Temp. 
C.H,N. . ■ . 

C^HyN, 

Temp. 


in. 

II. 

mols. %. ni. 

II. 

mols, %. 

III. 

II. 

0 

34*4^ 

— 

38-6 23*2® 

— 

75 

6*3= 

-27*2^ 

10 

25-0 

6-7° 

40 26 

— 

80 

- 3*3 

-24-8 

20 

16 

— 

45 31 

— 

85 

-12-3 

-25*4 

25 

21-2 

4 

50 31-8 

— 

90 

-23 

-26 

30 

24-4 

— 

60 26 

— 

95 

-19 

— 

33*3 

37 

24-5 

24-2 


70 14 

-25*6° 

100 

-15 

— 


p-^Cresol-Quumline . — ^The diagram of this system is very 
similar to that of the system o-cresol-quinoline, showing two open 
maxima corresponding to the compounds and 

C9H7N,2C7H7'0H of m. p. 31*8° and 24-5® respectively. Two 
well-defined' eutectic points are at 20 and 90 mols.% of quinoline 
and 16° and —23°, respectively; these have been confirmed by the 
duration of crystallisation (triangles abc and dcf). The miniTmun 
at 38*5 mols.% may not be a true eutectic, for it has not yet been 
asoertained whether a series of solid solutions is formed. 

Comparison of the diagrams for the systems o-cresol-quinoline 
and p-oresol-quinoline show^ that the curves of the first system 
are higher than those of the second, almost throughout. Both 
cresols therefore behave towards quinoline just as towards ^-toluidine 
except that with quinoline they form not one but two definite 
compounds. 
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Table VIII. 

jj-Oresol-Piperidine (Fig. 3). 


Temp. 


C 5 H 11 N, 

Temp. 




mols. %. 

ni. 

mols. %. 

III. 

It. 

0 

34*4= 




5 

29*5 

45 

33° 

— 

10 

21-5 

60 

23 

— 

13 

17-0 

55 

9*7 

— 

20 

23-5 

60 

- 5-6 

— 

25 

36 

70 

-28*6 

-36-7' 

30 

40*9 

75 

-31*7 

-37*7 

33-3 

42‘1 

80 

-27-5 

-39-5 

35 

41*9 

90 

-20 

— 

40 

39*5 

100 

-12 

— 


'p-Gresol-PiperidiTbe , — ^The diagram consists of three sections 
showing two eutectic points and. one open maximum, which corre- 
sponds to the compound C3HiiN,2C7H7*0]E, m. p. 42'1®. The 
eutectics are at 15*o and 72 inols.% of piperidine (14*^ and —34°, 
respectively), the former having been determined by interpolation 
because within 13 — 20 mols.% and 60 — ^70 mols.% of piperidine we 
were unable to make the mixtures crystallise . It is noteworthy that 
the above compound does not correspond to piperidine as mono-acid 
base and to ^-cresol as monobasic phenol. 


Table IX. 

^-C3resol-l : 5-Naphthylenediamine (Fig. 5). 


lioHs(KHa)s» 

Temp. 

11 

mols. %. 

1 . 

0 

33° 


5 

31*6 

— 

10 

— 


13 

106 


15 

109 


15-8 

110 

13*5 

20 

114*2 

— 1 

25 

116*9 

— 

33*3 

IIS 

— 


Temp. 



^ ^ 


mols. %. 

I. 

II. 

37 

1X9*2° 

118° 

40 

126 

116*6 

45 

128*2 

116*1 

50 

136*5 

111 

60 

145 

107*8 

70 

154*6 

86*7 

SO 

164*1 



90 

170*5 



100 

189 

— 


p-Cresol-l : Q-NapIithyUnediamine , — ^From naphthylenediamines 
as diacid bases one might have expected the formation of compounds 
with^j-eresol of the type CiqH^.{NH 2 ) 2 , 2 C 7 H 7 *OH, and this is actually 
found. 

The diagram is composed of three sections and is characterised by 
one eutectic point at 10 mols.% of naphthylenediamine and 29° and 
by one transition point at 33 mols.% of naphthylenediamine and 
118°. For the determination of the composition of the compound 
the duration of crystallisation at the transition temperature 
studied (triangle ghi), and showed a maximum at 33*3 
naphthylenediamine. 




Fig. 5. 



$ 19 SO JO 40 JO 40 70 80 SO ZOO 


« 7_ o/ / o/ naphthylenediamim O O O © 0 0 
mots, carbamide • • • and XXX 

o-Cresd-Carbamide, — ^According to Philip (J., 1903, 83, 814) and 
KremannandBodinois {Monatsji.y 1906,27, 138), 1 mol. of carbamide 
forms compounds with 2 mols* of phenol, and with 1 mol. of each 
cresol (Kremaim, ibid., 1907, 28, 1125), but Kremann studied only 
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the temperattire of first crystallisation and not that of definite 
crystallisation of the mixtures. He determined the composition 
of the compounds by analysis. We have now investigated complete 
cooling curves of all mixtures, and have confirmed Kremann’s 
results. 

The diagram of this system consists of three sections and is 
characterised by a eutectic point at 8 mols.% of carbamide and 26®, 
and by a transition point at 28 mols.% of carbamide and 59®, 
correspondingto thedissociationof thecompoundC 7 H 7 *OH,CO(NH 2)2 
into its components. The composition was determined by the 
duration of crystallisation at the temperature of formation (triangle 
abc) and at the eutectic temperature (triangle def). The maximum 
duration is shown for the equimolecular mixture. 


Summary, 

The diagrams of ten binary systems have been constructed for the 
cresols with certain bases, and the existence of the following com- 
pounds has been demonstrated : 

o,Uf N) o~o on 

C,H,N,2o.O,H4Me-OH 
CyHfiN ) p*C4H4S£6*0B! 

C,H,N,2i>n4H4Me0H 

All except the last melt without decomposition. 

Dimethylaniline and p-cresol form only mechanical mixtures. 

The Univebsity, Zagsbb, 

JuGOSiiAVZA. [Meeeived, May 1928.] 


1 : 5-a«H.(N^!u2;?-0,H4He*0E 
CO(NHba,o-C,H4Sle«OH 


p- 04 S[ 4 Mc*X£^^ 04 n 4 U€* 0 H! 

7>-C4H4ire-NH»,m-C4H4Me*OH 

p-0,H4Me*XHa,jp-C4H4lIe-0H 


CCOXXIX . — A Besolution of Benzoin. 

'Ey Isaac Vance Hoppee and Foesyth James Wh^son. 

In a previous paper (J., 1922, 121, 866) it was pointed out that 
d-8-(a-phenylethyl)semicarbazide, NHa’]SnE*CO*NH<5HMePh, of 
which we prepared the hydrochloride, should prove of service in 
resolving racemic aldehydes and ketones. We have now pre- 
pared also the hydrochloride of the l4someride, and by means of 
these reagents have succeeded in isolating the d- and Z-forms of 
benzoin. 

In order to gain experience of the semicarbazones involved, we 
decided first to experiment with the racemic semicarbazide both in 
pyridine and alcoholic solution. Since with r-benzoin-3-(a-phei^i- 



2484 HOPPEB AKD WILSOII : A EESOttJTIOS OF BENZOIN. 


et]iyl)semioarbazone stereoisomerism of the Hantzsch-Wemer type 
is possible, four racemic modifications should exist {+ =d, — =1): 


Ph-CH(OH)-C-Ph Ph-CfH(OH)-C-Ph Ph-CH(OH)-C-Ph Ph-CH{OH)-C-Ph 


11-3 

{a) (b) 

(I.) 


k 


+ 

X' 

(<*) 




(6) 


i-li 


(H.) 


Ph-CH(OH)*C-Ph Ph-GH(OH)-C*Ph Ph*CH(OH)-C-Ph Ph-CH(OH)-C-Ph 


(a) 




( 6 ) 




+ 

X 


(a) 


il 


+ 

X' 


( 6 ) 


.11 


(III.) 

X = NH-CO-NH-CmiePh 


(rv^) 

X = XH-CO-XH-CmiePh 


The reaction between benzoin and r-5-(a-phenylethyl)seinicarb- 
azide hydrochloride took place smoothly in pyridine solution and 
three of the four possible compoti^ids were obtained, the a-modific- 
ation melting at 174°, the p- at 164®, and the y- (obtained in very 
small quantity) at 137° : each of these gave benzoin on hydrolysis 
with acid. The reaction proceeded much leas conveniently in 
alcoholic solution, the a- and ^-modifications in addition to some 
unaltered benzoin being obtained~a result which was somewhat 
unexpected, since previous experiments (J., 1925, 127, 1282) had 
shown that as a rule only one modification of a benzoin-semicarbazone 
was obtained when working in alcoholic solution. It was decided 
therefore to employ pyridine as solvent in attempting a resolution 
of benzoin. 

An optically active semicarbazide has not hitherto been success- 
fully employed in a resolution : Forster and Fierz (J., 1905, 87, 
722) prepared camphoryl-^-semicarbazide, but do not appear to 
have used it for this purpose. Other active derivatives of hydrazine 
have, however, been employed for the resolution of r-arabinose 
(Neuberg, Bcr., 1903, 36, 1192} and of r-arabinose and r-galactose 
(Neuberg and Federer, JBer., 1905, 38, 868). Benzoin itself does not 
appear to have been previously resolved, although the two enantio- 
mariAis have been synthesised (McKenzie and Wren, J., 1908, 93, 
809; Wren, J., 1909, 95, 1583). 

By combining r-benzoin with d-S-(a-phenylethyl)semicarbazide 
four active modifications of the semicarbazone are possible, viz., 
la, Ila, nifr, and IV6. When combination was effected in pyridine 
soiuticHa, however, only one product was obtained in a crystalline 
condition, the others being oily and very soluble. This Isevorotatory 
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substance, a d~B-{%-pheni/lethyl)semicarbazone of (i-benzoin, agreed 
in rotation and m. p. mth the product obtained by condensing the 
d-semicarbazide Trith d-benzoin (prepared according to McKenzie and 
Wren, loc. cit,)* Hydrolysis of this semicarbazone in aqueous 
solution with oxalic acid liberated d-benzoin. In the same way, 
from the Z-semicarbazide hydrochloride and r-benzoin, we isolated a 
dextrorotatory setnicarbazone which yielded Z-benzoin on hydrolysis. 

Experimental. 

Benzoin and T-B^(a-Phenylethyl)$emicarbazide Hydrochloride . — 
(a) In pyridine solution. Solutions of 8 g. of benzoin (1 mol.) in 
80 c.c. of pyridine and 8*1 g. (1 mol.) of the hydrochloride in 100 c.c. 
of water were mixed in the cold, kept for 6 days, and poured into a 
large volume of cold water ; the sticky product, which would not 
solidify, was collected, dissolved in ether, the ethereal solution shaken 
with water to remove pyridine, decolorised with animal charcoal, 
and filtered hot. In a few homs a product (Crop I) began to 
separate, and was collected after 2 days. Whilst it was difficult to 
obtain further solid matter from the filtrate, gradual addition of 
light petroleum during 2 days precipitated a coloured product, which 
w’as filtered and washed with ether until colourless (Crop II) . Further 
gradual addition of light petroleum during a few weeks deposited 
a small crop (Crop IH) which was collected and washed as before. 
Crop I was leorystallised successively from ether, benzene, and 
alcohol (the solubility increasing in this order of solvents), from 
which long, colourless needles (4 g., m- p. 154®) of fe««om-S-(a- 
phenylethyl)semi€arbazone (^-modification) were deposited (Found : 
N, 11*19. C 23 H 23 O 2 N 3 requires KT, 11*26%). Chop II, which was 
less soluble in the usual organic solvents, dissolved completely on 
prolonged boiling with benzene, and a fine, amorphous product 
separated on cooling. This, crystallised from alcohol in prisms 
(3 g., m. p. 174®) of the o^-modification of the semicarbazone (Found : 
N, 11*26%). These two stereoisomerides, a mixture of which 
melted at 140 — 145®, both gave benzoin on hydrolysis with either 
hydrochloric or oxalic acid. Crop HI was separated by ether into 
a less soluble (^-modification) and a more soluble fraction. The 
latter on reorystallisation from a mixture of ether and light petroleum 
gave long, woolly needles (0*4 g., m, p. 187®) of the y-imdificalicm 
(Found : N, 11*37%) which gave benzoin on hydrolysis with hydro- 
chloric acid. The colouring matters produced in the reaction had a 
marked effect on the solubilities of the substances. 

(b) In alcoholic eclutkm. 4 G. of benzoin in 300 c.c. of aloobd 
were Uiixed in the cold with 4 g. of the semicarbazide h 
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cold water gave a soft, but filterable, precipitate which was collected 
and dissolved in the Tninirmim of boiling alcohol. The crystals 
deposited on cooling were fractionally recrystallised from ether; a 
little benzoin separated first and was removed, then a mixture of 
needles and prisms appeared. On reheating the mixture in the 
mother-liquor, the needles redissolved so much more quickly that it 
was possible to effect a fairly complete separation of the prisms by 
filtering the hot solution at the appropriate moment. The prisms 
on recrystallisation from alcohol proved to be the a-isomeride, 
m. p. 174°. The ethereal mother Jiquor on standing gave needles, 
mixed with a small quantity of prisms which were separated by 
reheating and filtermg. The warm filtrate diluted with two volumes 
of light petroleum deposited crystals which, after purification from 
alcohol, proved to be the p-isomeride, m. p. 154°. 

1 - S - (a - Phenylethyl)semicarbazide Hydrochloride, — ^26''3 G. of 
Z-a-phenylethylamine ([a]g‘ — 41*48°, prepared by a combination 
of the methods of Loven and Betti ; see Hopper and Ritchie, J. Roy, 
Tech, Coll,, 1926, 3, 65) and 25 g. of acetonesemicarbazone were 
heated in a bath at 135—138° for 30 minutes under reflux, and then 
for a further 30 minutes without the condenser. The product, 
poured into 200 c.c, of ice-water, solidified on standing for a short 
time. The acetone-Z-S-{a-phenylethyl)semicarbazone was collected 
and hydrolysed by heating with 5% hydrochloric acid (1 mol., 
calculated on acetonesemicarbazone used) for 2*5 hours on a boiling 
water-bath, acetone being thus expelled. On cooling, an amorphous 
solid — ^probably a derivative of carbamide — ^was removed, the 
filtrate was concentrated under reduced pressure (which increases 
the yield), and the hB-{tx-phenylethyl)8emicarbazide hydrochloride 
allowed to crystallise out in a number of crops so that the heating 
of very concentrated solutions was avoided. On reorystallisation 
from boiling absolute alcohol, 36*5 g. (79% yield) of the hydro- 
chloride were obtained; m. p. 188°; —4*00°, [ajg'-*’ 

— 66*06° (c = 3*027 in water ; Z = 2). 

Synthesis of d-Benzoi7i-d-B-{a-phenylethyl)s€micarbazo7ie, — eZ-Benz- 
oin was synthesised from d-mandelic acid by Wren’s method {loc, cit.) 
with certain modifications suggested to us by Professor McKenzie 
and Dr. Roger, to both of whom we are much indebted for advice 
in this connexion. The d-mandelamide was prepared from methyl 
d-mandelate by the method of McKenzie and Smith (J., 1922, 121, 
1358). In this and in subsequent preparations and recrystallis- 
ations, quartz vessels were employed and solvents were distilled in 
quartz before use. It was found more convenient to recrystallise 
d-benzoin from a mixture of alcohol and light petroleum than from 
alcohol alone. The d-benzoin melted at 133 — 134°; ag* + 4*47°, 
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Wd* + (c = 0'9433 in acetone; Z = 4); a solution in 

freshly distilled pyridine showed no alteration in specific rotation 
([“3i5* + 92-8°; c = 1-040; Z = 1 ) on standing for a week in a 
quartz apparatus. d-Benzoin is therefore not racemised by pyridine 
under these conditions. 

Amixtureof 1-1 g. of d-benzoin, dissolved in 67 c.c. of pyridine, with 
1-3 g. of d-3-(a-phenylethyl)seniicarbazide hydrochloride, dissolved 
in 2*5 c.c. of water, deposited crystals of the d-S-(a-^AenyZeZ%Z) 5 emi- 
carbaTmie of d-benzoin‘when left for 6 days. These were collected, 
and the filtrate, when worked up as described for the reaction pro- 
duct obtained in the resolution (below) yielded some more ; two re- 
crystallisations from absolute alcohol gave needles ( 0*5 g,), m. p. 
181—182°, aj}* - 2-405°, - 140*7° (c = 0*4274 in absolute 

alcohol ; Z = 4) (Found : N, 11*30. C 23 H 23 O 2 N 3 requires N, 11*26%). 
Further recrystallisation failed to alter the specific rotation. 

Resolution of Benzoin. — (1) By means of d-B-{QL-phenylethyl)semi- 
carbazide hydrochloride. 9 6 . of the semicarbazide hydrochloride, 
dissolved in 18 c.c. of water, were added to a solution of 8 g. of 
benzoin in 70 c.c. of pyridine at 18°, and the mixture after standing 
for 7 days was poured into 1000 c.c. of cold water. In about 80 
minutes the opalescent liquor was decanted from the thick, sticky 
oil, and the latter was agitated three times with almost boiling 
water, with cooling and decanting each time. The hard, glassy 
solid thus obtained (and the beaker containiug it) were exposed for 
72 hours in an evacuated desiccator over sulphuric acid to remove the 
last traces of pyridine and water. A solution of the product in 
about 50 c.c. of pure dry ether deposited a crop of crystals on stand- 
ing a few hours or on addition of light petroleum. (The ethereal 
mother-liquor, after various attempts to recover material from it, 
gave only a gummy product.) The crystals were collected, washed 
with ether, and recrystallised twice from boiling absolute alcohol, 
in which the compound was sparingly soluble when cold. The 
<Z- 8 -{a-phenylethyl)semicarbazone of cZ-benzoin thus obtained was 
optically pure (repeated recrystallisation from alcohol failing to 
raise its specific rotation) and consisted of needles, m. p. 181 — 182° ; 
yield 1*8 g. (Found : N, 11*29%); - 2*415°, [aj/ ^ 141*5° 

(c = 0*4268 in absolute alcohol; Z = 4). It showed no lowering of 
m. p. on admixture with the product (m. p. 181 — 182°) obtained 
from synthetic i-benzoin; the appeajance of both was identical 
under the microscope, and the specific rotations (— 140*7° and 
— 141*5°) are identical within the limits of experimental error. 

(2) By means of \‘^-{ti-phenylethyl)semicarbazide hydrochloride- 
Using 13*2 g. of the Z-semicarbazide hydrochloride in 26 c.c. of wat^, 
and 12*5 g. of benzoin in 95 c.c. of pyridine, and working up,## 
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product as in the last preparation, we obtained 1-8 g. of pure 1- 
bmzoinA-^-[^-fhenyletk^)8emicarbazone^ m. p. 181 — 182® (Found : N, 
11*32%). The product was optically pure after two recrystal- 
lisations from absolute alcohol, m which ag“ = + 4*40°, [a]5J* -f 
140*9® (c = 0*7808; Z = 4). 

Liberation of d- and of hBenzoin — (1) A-Benzoin, Boiling 
solutions of 1*4 g. of d-benzoin-d-3-(a-phenylethyl)semicarbazone in 
50 c.c. of absolute alcohol and of 15 g. of oxalic acid in 12 c.c. of water 
were mixed and boiling was continued for 1 minute. (Longer 
boiling causes oxidation to benzii, derivatives ; see J., 1925, 127 , 
1282.) The solution, cooled immediately and diluted with 250 c.c. 
of water, gave a precipitate of d-benzoin which was collected after a 
few hours. Boiling for some time with 200 c.c. of light petroleum 
(b. p. 60 — 80°) dissolved the active benzoin but left undissolved the 
traces of unhydrolysed semicarbazone and other impurities. After 
cooling and standing, the petroleum extract was filtered and con- 
centrated to half its volume ; the cZ-benzoin which crystallised was 
optically pure after one recrystallisation from absolute alcohol; 
yield 0*7 g. ; m. p. 133 — 134° ; mixed m. p. with synthetic d-benzoin 
(with which it is identical in appearance) 133 — 134° ; ag' + 5*964, 
[«]»* + 118*3° (c = 1*2581 in acetone; I = 4). 

(2) \-Benwin, 1*6 G. of Z-benzoin-Z-3-(a-phenylethyl)semicarb- 
azone were hydrolysed in an exactly similar fashion. The liberated 
Z-benzom was recrystallised once from light petroleum and once 
from alcohol, and was then optically pure ; yield 0*8 g. ; m. p. 
133—134°; ag- - 5*435°, [a]g' - 118*5° (c =''1*1467 in acetone; 
Z = 4). Oxidation of both the active benzoins with nitric acid 
yields benzii. 

The gummy product referred to on p. 2487 was dissolved in boiling 
alcohol, then mixed with a hot, concentrated, aqueous solution of 
oxalic acid, and boiled for 5 minutes. The mixture of solid and 
semi-solid, obtained after dilution with water and standing, was 
separated by ether into sparingly soluble (m. p. above 200°), soluble 
(m. p. 129 — ^132°), and very soluble (a gum) fractions. The first 
fraction on recrystallisation from alcohol proved to be 
d-B-{o^-phenyh{hyl)semicarbazone, long, fine needles, m. p. 233° 
(Found : N, 15-86. CggEggOaNe requires N, 15*79%) ; aJT + 3*08°, 
[a]g* 178-2° (c = 0*4320 in glacial acetic acid; I = 4). By boiling 
in alcohol with concentrated hydrochloric acid — ^but not with oxalic 
acid — ^it was hydrolysed to benzii. The second fraction on fractional 
recrystallisation from ether gave chiefly inactive benzoin, which 
separated first, followed by a crop of benzoin showii^ laevorot- 
ation, m. p. 132—133°; ag* - 0*4«°, - 25-7° (c = 0-8974 in 

absolute alcohol; Z = 2). The corresponding gummy product 
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Dbtained in the condensation of benzoin and;-S-(a-phenylethyl)semi- 
carbazide hydrochloride gave, on hydrolysis with oxalic acid, a 
sparingly soluble product (m. p. 238®), r-benzoin (m. p. 134®), and 
benzoin (m. p. 131 — 133°) showing dextrorotation. 

We propose to extend our investigations to the resolution of other 
racemic ketones and aldehydes by means of active semicarbazides. 

We wish to thank the Carnegie Trust for the Universities of 
Scotland for grants which have partly defrayed the cost of this 
work. 

The Royal Technical College, 

Glasgow. [Beceived, June llf^, 1928.] 


CCCXXX . — The Nitration and Bromination of 4- 
Methylbenzophenone. 

By William Blakey and Haeold Archibald Scaeboroxjgh. 

It has been shown (J., 1927, 2865) that the influence of a methoxyl 
group, in the 4-position, in the benzophenone series is to direct the 
first entering substituent into the 3-position; and that further 
substitution leads to the 3'- and the 5-positions being occupied 
successively. The halogens, which are usually classed with the 
methoxyl group since their ortho-para directive power is also to be 
ascribed to a conjugative effect, behave in the benzophenone series 
in a different manner, in that the first entering substituent goes into 
the unsubstituted nucleus (compare Kunckel,.£er., 1904,37,3485; 
Montague, Bar,, 1916, 49, 2262). It thus seemed of interest to 
investigate the behaviour of the methyl group, the least active of the 
ortho-para directive series, and compare it with that of the methoxyl 
group and of a halogen. 

In an investigation of the products of nitration of phenyl-'p-tolyl- 
methane, Zincke and Milne {Bar., 1872, 5, 685) showed that a nitro- 
derivative of 4-methylbenzophenone was formed ; and in a further 
communication, Zincke and Plascuda (Ber,y 1874, 7, 983) described 
the preparation . of the mono-, di-, and tri-nitro-derivatives of the 
ketone, ascribing the structure 3'-nitro-4-methylbenzophenone (I) 
to the first because it was oxidised by chromic anhydride in glacial 
acetic acid solution to m-nitrobenzoic acid. 

A sjmthesis of 3'-nitro-4-methylbenzophenone, from m-nitror 
benzoyl chloride and toluene, 'was carried out by Limpricht and Lenz 
(Annahn, 1895, 286, 324), but neither this compound nor its 
derivatives had the properties ascribed to them by Zincke 
Plascuda. Basing their opinion upon the product of 
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Lim pricht and Lenz reassigned to the alleged substance (I) the 
structure 2-nitro-4-methylbenzophenone (II); further, they sug- 
gested that the continued nitration of 3'-nitro-4-methylbenzo- 
phenone yielded 2 : 3'-dinitro-4-inethylbenzophenone, and that 
3'-nitro-, 4'-nitro-, 2 : 3'-, and 2 : 4'-dinitro-4-methylbenzophenones 
all gave the same trinitro-compound (III). 



The evidence upon which these structures are based seems to be 
very slender, and, moreover, appears to be contrary to the rules of 
substitution ; the matter was therefore re-investigated. 

The nitration of 4-methylbenzophenone, in fuming nitric acid 
solution, yielded 2~nitro-4:-methylienzoph^noney of which the con- 
stitution was established by condensing 3-nitro-p-toluoyl chloride 
with benzene. Under the same conditions, 3'-nitro-4-methylbenzo- 
phenone was converted into 3 : 3^dim>o-4-«ie/%Z6e7i2opAe»o7ie ; 
the same product was also obtained when 3-nitro-4-methylbenzo- 
phenone was nitrated in cold sulphuric acid solution. Further, 
4^-nitro-4-methylbenzophenone yielded 3 : 4:* -dinitroA-methylbenzo- 
phefnone, since on partial reduction and deamination 3-nitro-4- 
methylbenzophenone resulted. 

The continued nitration of 3 : 3'-dinitro-4-methylbenzophenone in 
sulphuric acid solution, at 80°, yielded 3:3': 64rinitro-4^methyU 
benzophenone, which was also obtained when the product of con- 
densation of 3 : 5-dinitro-p-toluoyl chloride and benzene was 
nitrated in sulphuric acid solution, the assigned structure being thus 
established. Further nitration of 3 : 4'-dmitro-4-methylben20- 
phenone with a slight excess of nitric acid and in sulphuric acid 
solution gave 3:4': 54rinitro-4-methylbenzophen(mey whereas by 
use of a large excess of nitric acid at 80°, 3 : 3' : 4' : o4etranitroA~ 
m&thylbemophenone was obtained. The proof of the structure of 
these compounds depends largely upon their reactions with p-nitroso- 
dimethylaniline and with piperidine. 

The bromination of 4-methylbenzophenone, which was effected 
by dissolving the compound in a large excess of dry bromine, gave 
Z4iT€moA-tmthylhenzop}mim^, the structure being established by 
a synthesis of the compound from 3-bromo-p-toluoyl chloride and 
benzene, and also by reducing 3-nitro-4-methylbenzophenone to the 
amine and replacing the amino-group by bromine. Under the same 
conditions 3'- and 4'-nitro- and 3' : ^'-dinitroA-methylbe^izophenones 
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were brominated and in each case the bromine atom entered the 

3- position. In the first two cases the products were reduced to the 
corresponding amino-compounds, and removal of the amino-group 
yielded 3-bromo-4-methylbenzophenone, thus establishing the 
constitutions. 

The nitration of 4'-chloro-4-methylbenzophenone, in nitric acid 
solution, gave an almost quantitative yield of 4'-cAtoro-3-miro-4- 
methylbenzopJienone, which was also obtained when 3-mtro-j9-toluoyl 
chloride was condensed with chlorobenzene. Further nitration, in 
sulphuric acid solution, yielded 4'-cAZoro-3 : ^'-dinitroA-methyl- 
benzophenone of which the structure was established by condensing 

4- chloro-3-nitrobenzoyl chloride with toluene and nitrating the 
product by fuming nitric acid. Continued nitration, in sulphuric 
acid solution at 60®, gave 4'-cAtoro-3 : 3' : &4riniiro-i-methylhmzo- 
phenone ; the same compound was obtained on nitration of^ 4'-cAi!oro- 
3 : 5-dinitroA-methylbenzophe7ione, which was itself prepared by 
condensing 3 : 5-dinitro-p-toluoyl chloride with chlorobenzene, 
whereby the structure was established. 

On bromination of 4'-chloro-4-methylbenzophenone in excess of 
dry bromine, 4'-cAZoro-3-6romo-4-meZ%Z6ewzopAe7W)ne was formed 
in quantitative yield; its structure was established by reducing 
4'-chloro-3-nitro-4-methylbenzophenone to the amine and then 
replacing the amino-group by bromine. 

The results show that the methyl group exerts a marked directive 
influence, and that the first substituent enters in the ortho-position 
to this group. The presence of one or two nitro-groups or a chlorine 
atom in the phenyl nucleus does not appear to affect the position 
taken up by the entering substituent. The second entering sub- 
stituent goes to the 3'-position, and the presence of a substituent 
in the 3-position of the tolyl nucleus would appear to inhibit further 
substitution in this nucleus. The third entering substituent 
occupies the 5-position whatever the nature of the substituents 
previously introduced. The formation of a single product on the 
further substitution of 4'-chloro-4-methylbenzophenone was to be 
expected from a consideration of the substitution products of 
4-chloro- and of 4-methyl-benzophenone. 

A comparison between the behaviour of the methyl and the 
methoxyl groups shows that they are alike in that the sequence in 
which substituents enter is the same, with one exception, and the 
methods by which these substituents are introduced are similar. 
They differ in that on di- and tri-substitution the methyl group leads 
to only one isolable isomeride, whereas with the methoxyl group at 
least two isomerides are obtained. 



2492 BLAKEY AND SOABBOROTJGH : THE UTITRATION AND 


Experimental. 

4-Methylbenzophenone was prepared from benzoyl chloride and 
toluene according to the method described by Meyer [Monatsk,, 
1907, 28, 1223); it separated from light petroleum in plates, 
m. p. 66^. 

3-NitrO‘4:~imt7iylbenzop7ien(ms , — ^This was obtained (a) from 
4-methylbenzophenone by dissolving it in nitric acid {d 1*5) and 
allowing the solution to stand for 1 hour, or (b) from 3-nitro-p-toluic 
acid by conversion into the acid chloride, with excess of thionyl 
chloride, and condensation with benzene in the presence of alumin- 
ium chloride ; it crystallised from acetic acid or from alcohol in 
faintly yellow plates, m, p, 129'' (Found ; N, 5-95. 
requires N, 5*8%). 

On reduction of this compound with tin and hydrochloric acid, 
decomposition of the tin double salt with 30% sodium hydroxide 
solution, and extraction of the free base with ether, Z-amiyio-A-methyl- 
benzopJiemne was obtained; it separated from methyl alcohol in 
needles, m. p. 109° (Found : N, 6-7. C14H13ON requires N, 6*65%). 
The hydrobromide separated from its solution in dilute acid in long 
needles, m. p, 130® (Found : HBr, 27*5, Ci^Hi30N,HBr requires 
HBr, 27*7%); the acetyl derivative, formed by refluxing the base 
for 6 hours with a mixture of acetic acid and acetic anhydride, 
crystallised from methyl alcohol in needles, m. p. 108° (Found : 
C, 76-05 ; H, 5-95, requires C, 75-9 ; H, 5-95%). 

3-Bromo-4:^imthylbenzophenone . — ^This was obtained (o) when 
3-amino-4-methylbenzophenone was diazotised and treated with 
cuprous bromide ; (b) when 4-methylbenzophenone was dissolved in 
dry bromine and the solution allowed to stand in sunlight for 2 days, 
the excess of bromine being removed in a current of air and by 
treatment with sulphurous acid; and (c) when S-bromo-p-toltdc 
acid was converted into the acid chloride and condensed with 
benzene in the presence of aluminium chloride. It separated from 
methyl alcohol in needles, m. p, 107° (Poimd : Br, 29-1 . Ci4HiiOBr 
requires Br, 29-1%). . 

3 : 3^’Diniiro-i-meihylbenzophenone , — 5 G. of 3-nitro-4-methyl- 
benzophenone were dissolved in 10 c.c, of sulphuric acid and 5 c.c. 
of acetic acid, treated with 2 c.c. of nitric acid (d 1-5), and the 
solution allowed to stand for 2 days. A mixture of di- and tri-nitro- 
derivatives was precipitated on pouring into water, and the more 
soluble dinitro-compound was isolated by repeated extractions with 
small quantities of methyl alcohol. The same product, 3 : 3'-di- 
nitro-4-m£tiy&enzophenone, was obtained when 3'-nitro-4-methyl- 
benzophenone was dissolved in nitric acid (d 1-5) and the solution 
allowed to stand for 2 hours. It crystallised from methyl alcohol in 
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faintly yellaw plates, m. p. 135° (Limpricht and Lenz, he, cit,^ 
give m. p. 125°) (Found : N, 9*8. 0 i 4 HiqO 5N2 requires N, 9*8%). 

3 : b-Dinitro~4:-metlhylbenzophenone, — 5 G. of 3 : 5-dinitro-p- 
toluic acid were refluxed with an excess of thionyl chloride, the 
excess was removed, and the residue dissolved in 100 c.c. of benzene ; 
10 g. of aluminium chloride were added gradually, and the reaction 
completed on the water-bath. 3 : 5-Dimtro*4:-methylbenzopheno7ie 
crystallised from alcohol in small, yellow plates, m. p. 109° (Found : 
N, 9'8. C14H1QO5N2 requires N, 9*8%). 

5-Nitro-Z’aminoA-methyhenzophe7io7iei prepared from this com- 
pound by reduction with hydrogen sulphide in alcoholic ammonia 
solution, crystallised from alcohol in deep orange needles, m. p. 157° 
(Found : N, 11-0. O14H12OSN2 requires N, 10*96%). 

3:3': 5'Trinitro-4c-imtbyhenzophenone , — ^When 3 : 5-dinitro-4- 
methylbenzophenone, dissolved in sulphuric acid, was treated with 
an excess of nitric acid {d 1«6) and the solution allowed to stand 
for some days at room temperature, or when 3-nitro-, 3'-nitro-, 
or 3 : 3'-dinitro-4-methylbenzophenone was further nitrated 
under similar conditions, 3:3': 5-trimtro~4-7nethylbenzopheri07ie was 
obtained; it separated from acetic acid in pale yellow needles, 
m. p. 173° (Found : N, 12*55. Ci4H907lsr3 requires N, 12*65%). 

3 : 4:*’Dinitro-i-methyhenzophen(me , — ^This was prepared by dis- 
solving 4'-nitrq-4-methylbenzOphenone in an excess of nitric acid 
{d 1*6) and allowing the solution to stand for 2 hours ; it separated 
from alcohol in faintly yellow plates, m. p. 130° (compare Limpricht 
and Lenz, ho. ait). 

Z-NitroA* ^amimA-methyhmzophermie . — warm solution of 10 g. 
of 3 : 4'-dinitro-4-methylbenzophenone in a mixture of 200 c.c. of 
alcohol and 10 c.c. of ammonia {d 0*880) was treated with 
hydrogen sulphide until saturated ; after removal of a part of the 
alcohol, the residue was poured into dilute hydrochloric acid, heated, 
and filtered. An unstable hydrochloride separated on cooling. The 
free base was liberated with ammonia ; it crystallised from methyl 
• alcohol in yellow plates, m. p. 164° (Found : N, 11*0. Ci4Hi203N'2 
requires N, 10*96%). On removal of the amino-group in the usual 
manner, 3-nitro-4-methylbenzophenone (m. p. 129°) was obtained. 

3 : 4' :6-yrim'^ro-4-meiAyiI6e7izqpAenone. — 5 G. of 4'-nitro-4-methyl- 
benzophenone, dissolved in 20 c.c. of sulphuric acid, were treated with 
4 c.c. of nitric acid (d 1^6), the solution was kept for 24 hours, and the 
reaction completed on the water-bath. The product crystaUised 
from acetic acid in pale yeUow needles, m. p. 160° (Found : N, 12*7. 
C14H9O7N3 requires N, 12*66%). This compound did not react with 
piperidine, but with p-idtFOSodimethylan[il^ in alcoholic solutiedajt, 
yielded a light brown, amorphous powder which could , not be 
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obtained in a sufficiently pure state for analysis. When the trinitro- 
compound was reduced with hydrogen sulphide in alcoholic 
ammonia solution, and the product worked up in the manner 
previously described, : 6-diGmmo-4-wze^%Z6ew2;opAewowe 

was obtained ; it separated from dilute acetone in orange plates, 
m. p. 202° (Found : N, 15*2. 01431303 X 3 requires N, 16*5%). 
3 -Xitro- 4 -methylbenzophenone was obtained on the removal of the 
amino-groups, thus suggesting that one of these groups was present 
in each nucleus. 

3 : 3' : 4' : 5 - Tetranitro - 4 - methylbenzophemne . — ^When either 
3 : 4'-dinitro- or 3:4': 5-trmitro-4-methylbenzophenone was dis- 
solved in a mixture of equal volumes of sulphuric and nitric acids and 
heated on the water-bath for 6 hours, 3 : 3' : 4' : S-tetranitroA-methyh 
benzophenone was obtained ; it separated from acetic acid in small, 
yellow prisms, m. p. 187° (Found : N, 14*9. Ci 4 Hg 03 N 4 requires 
N, 14*9%). This compound reacted with piperidine, with boiling 
alcoholic ammonia, and with sodium methoxide, but in each case 
the product was a brown powder which could not be recrystallised 
from any of the usual solvents. 

3 - Bromo - 3' - nitro - 4 - methylbenzophenorie was obtained when 
3'-nitro-4-methylbenzophenone was treated with an excess of dry 
bromine; it separated from alcohol in faintly yellow plates, m. p. 
124° (Found : Br, 24*85. Ci 4 HiQ 03 NBr requires Br, 26*0%). 
On reduction with stannous chloride in alcoholic hydrogen chloride 
solution, 3-br<mO’<Z'-amimA-methyU)enzophe7ione was obtained, which 
crystallised from dilute methyl alcohol in yellow needles, m. p. 94 ° 
(Found : Br, 27*6. Ci 4 Hi 20 NBr requires Br, 27*6%) ; deamination 
yielded 3-bromo-4-methylbenzophenone (m. p. 107°). 

3' : &'-Dinitra-4:-methylbenzophemne, prepared by condensation of 
3 : 5-dinitrobenzoyl chloride with toluene in the presence of alumin- 
ium chloride, crystallised from methyl alcohol in faintly yellow 
plates, m. p. 134° (Found: X, 9*8. C 14 H 13 O 5 X 2 requires X, 
9‘8%) ; on treatment with an excess of dry bromine, this yielded 
3-6r(wwo-3' : o'-dinitro-i’-mefhylbenzophenone, which separated from * 
alcohol or acetic acid in faintly yellow needles, m. p. 173° (Found : 
N, 7*7, Ci 4 Hg 05 N 2 Br requires X, 7*65%). The structure of the 
latter compound follows from its analogy with 3 -bromo- 3 '-nitro- 4 - 
methylbenzophenone. 

3-BTomo-4/ ’nitroA-methylbenzophsTiom, prepared from 4'-nitro-4- 
methylbenzophenone in the manner previously described, orjrstal- 
lised from alcohol in faintly yellow plates, m. p. 119° (Found : 
Br, 24*85. Ci 4 HjQOaNBr requires Br, 25*0%) ; on reduction with 
stannous chloride in alcoholic hydrogen chloride solution, 3 - 6 romo- 4 '- 
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amino-^-methylbenzophemne was formed : faintly yellow needles, 
m. p. 162°, from methyl alcohol (Found : N, 5-0. Ci4lIi20NBr 
requires N, 4*9%). Deamination yielded 3-bromo-4-methyl- 
benzophenone (m. p. 107°). 

4:'-‘Chhro-Z-nitro-4z‘methylbenzophenone, obtained when p-chloro- 
benzoyl chloride was condensed with toluene in the presence of 
aluminium chloride, and the product (m. p. 128°) dissolved in excess 
of nitric acid {d 1-6) and allowed to stand for 12 hours, separated from 
methyl alcohol in long needles, m. p. 98°. It was also obtained when 

3- nitro-4'-amino-4-methylbenzophenone was diazotised and treated 
with cuprous chloride (Found : N, 6*16. C14H10O3NCI requires 
N, 5-1%). Reduction of this nitro-oompound in the usual manner 
gave 4t^-chloro-i-ami7io-4^-methyU>enzophenone, which crystallised from 
methyl alcohol in faintly yellow prisms, m. p. 142° (Found : N, 6'6. 
C14H12ONCI requires N, 5-7%). 

-Ghhro-y -nitro-4:‘methylhenzoplhem7ie was prepared by dissolving 

4- ohloro-3-nitrobenzoyl chloride in toluene in the presence of 
aluminium chloride; it separated from methyl alcohol in heavy 
yellow prisms, m. p. 121° (Found : N, 5-2 ; Cl, 12-85. Ci4Hio03NCl 
requires N, 5*1 ; Cl, 12-9%). 

i'-GMoro-d : Z*-dinitToA-methylbenzophenom was obtained when 
the foregoing compound was dissolved in nitric acid {d 1-5) and the 
solution allowed to stand for 24 hours ; or when 4'-chloro-3-nitro-4- 
methylbenzophenone, dissolved in sulphuric acid, was treated with 
a slight excess of nitric acid. In the latter case, the product was a 
mixture of di- and tri-nitro-compounds. The substance crystallised 
from methyl alcohol or dilute acetone in yellow prisms, m. p. 131° 
(Found : N, 8-76. C14H9O5N2CI requires N, 8-75%). 

4:^-Ghloro-3 : 6AinitroA’methylbenzophen(me, resulting from the 
condensation of 3 : 5-dinitro-4-toluoyl chloride and chlorobenzene 
in presence of aluminium chloride, crystallised from alcohol or acetic 
acid in yellow plates, m, p. 118° (Found : N, 8-8. C14H2O5N2CI 
requires N, 8-75%). 

i'-Chioro-d : 3' ; 54rmitroA~metkylbenzophe7ione was obtained 
when 3'-nitro- or 3 : 3'- or 3 : 5-dinitro-4'-chloro-4-methylbenzo- 
phenone was dissolved in a mixture of sulphuric and nitric acids 
and the solution gently warmed or allowed to stand for some days 
at the ordinary temperature ; it separated from acetic acid in heavy, 
yellow needles, m. p. 182° (Found: N, 11-46. Ci4H807N3Cl 
requires N, 11-6%). 

4'-OAtoro-3-&romo-4-m6iAi/i6e7i3qpAe?M>%e was prepared by dis- 
solving 4'-chloro-4-methylbenzophenone in dry bromine, and by 
treating a diazotised solution of 4'-chloro-3-amino-4-methylbenzo- 
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phenone Trith cuprous bromide; it crystallised from alcobol in 
needles, m. p. 122° (0'1766 G. gave 0*1885 g. of silver halides. 
CijHioOClBr requires 0*1880 g.). 

The UKEVEBsrrv CEEancAi. Labobatobies, 

CAMBBioeE. [BBeeived, Jvly 4ih, 1928.] 


CCCXXXI . — The Constituents of Some Indian Essential 
Oils. Part XXV. 1-a- and l-^-Ciiraimenes. 

By B. Sajsjiva Eao and John Lionel Simonsen-. 

Eao, Shintre, and Simonsen (J. hid, hist, 8cL, 1926, 9A, 140) 
separated from the essential oil occurring in the rhizomes of Curcuma 
aromaticai Salisb., a sesquiterpene to which they gave the name 
Z-curcumene. The hydrocarbon, characterised by the preparation 
of a number of crystalline derivatives, appeared to be homogeneous 
and to be monocj^clio with three ethylenic linkages. Since it was 
obtainable comparatively readily in quantity, we decided to attempt 
to determine its constitution, a problem which it seemed all the more 
desirable to elucidate, since only a few monocyclic sesquiterpenes 
have been studied, bisabolene and zingiberene being the more 
important. 

Early in the investigation, evidencewasobtained that Z-curcumene, 
in spite of its apparent homogeneity, was a mixture of at least two 
hydrocarbons, the crystalline nitrosate and trihydrochloride pre- 
viously described being derived from two different sesquiterpenes. 
It was observed that the yields of these two derivatives varied very 
considerably with different specimens of the oil, and further, when 
the sesquiterpene fraction was warmed with dilute sulphuric acid or 
treated with sodium in amyl-alcoholic solution, the recovered hydro- 
carbon gave the nitrosate in undiminished yield but the crystalline 
trihydrochloride could no longer be obtained, fractional di^iUation 
of the oil, from which the trihydrochloride had been separated, 
showed the presence of a sesquiterpene monohydrochloride, the 
parent hydrocarbon of which (see p. 2601) gave the crystalline 
nitrosate in a jield exceeding that obtained with the original 
terpene, whilst treatment with hydrogen chloride did not give any 
trihydrochloride. The presence of at least two hydrocarbons in the 
sesquitCTpene “ Z-curcumene ” having thus been proved, it became 
necessary to devise methods for the preparation of each of them in a 
pure state prior to undertaking experiments on their constitution. 
In this w'e have been successful, and as it is no longer possible for us 
to collaborate, we have decided to place on record the results so far 
obtained. 
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We have designated the hydrocarbon yielding the crystalline 
nitrosate and the liquid monohydrochloride \-(x.~curcu'm,ene. This 
substance can be obtained fairly pure by treatment of the mono- 
hydrochloride with sodium acetate in acetic acid solution, but it is 
obtained in a much higher state of purity by a somewhat indirect 
method. Treatment of the nitrosate with alcoholic potassium 
hydroxide solution yields Voximino-tx-curcumme, Ci 5 H 22 -NOH, a 
colourless oil which can be distilled in small quantities without 
decomposition. It was characterised by the preparation of a 
crystalline benzoyl derivative, m. p. 84 — 85®, and a imnohydro- 
chloride, m. p. 135 — 136°. The latter substance is not a salt, but is 
formed by the addition of hydrogen chloride to one of the ethylenio 
linkages, since it is not decomposed by alkali. So far as we are 
aware, this is the first oximino-derivative obtained directly from a 
sesquiterpene. Semmler and Bode {Ber., *1907, 40, 1129) and 
Semmler and Hoffmann {ibid,, p. 3527) have described the oximes of 
d-santalal, an aldehyde obtained by the oxidation of a primary 
alcohol present in sandal- wood oil, and of cedrone, a ketone formed 
by the oxidation of cedrene. We have not succeeded in converting 
the above-mentioned oxime into the parent ketone (or aldehyde), 
but further experiments in this direction are contemplated, for little 
appears to be known of the properties of the sesquiterpene ketones. 

When Z-oximino-a-curcumene is reduced with sodium in ethyl- 
alcoholic solution it is converted into l-di%dro-a-ci^rcwwe7ayZa?7ai?^6, 
one of the ethylenio linkages having been reduced as 
well as the oximino-group. The base, which was most readily 
purified through its sparingly soluble hydrogen oxalate, was a viscid 
oil possessing a strong ammoniacal smell. The reduction of one of 
the ethylenic linkages on passing from the oximino-derivative to the 
base was not anticipated and was somewhat unfortunate, since it had 
been hoped to introduce a fourth ethylenic linkage by submitting 
the base to a Hofmann degradation process. It was then expected 
that, by molecular rearrangement, a substituted derivative of 
benzene would have resulted which might have proved suitable for 
oxidation experiments. This reaction would open up a new method 
of attacking the problem of the constitution of the sesquiterpenes. 
It is proposed to study the properties of the sesquiterpene amines, 
only two other members of the series having been previously 
described (Semmler and Hoffmann, he. cii. ; Semmler and Mayer, 
Bor., 1911, 44, 3678). 

Methylation of Z-dihydro-«-curcumenylamine with methyl iodide 
in the presence of alkali yields l-dihydro-a^aurcwnenyltri^^ 
anmbomum iodide, CjgHgs'NMe^I, which crystallises well and 
the corresponding hydroxide on treatment with silver oxide. 

4n 
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substance, which, was also obtained crystalline, could not be purified, 
since it was extremely hygroscopic, but when distilled under 
diminished pressure, it decomposed smoothly with formation of 
a mixture of a hydrocarbon and a base. The base was an oil, 
dis rfiilliTig without decomposition, and analysis showed it to be 

CisHgs’NMeg. It did not yield 

any crystalline derivatives. 

The hydrocarbon was the main product of the degradation 
a nd was found to be very pure Z- a-curcumene. The yield of nitrosate 
from the terpene prepared in this manner was very much higher than 
from that regenerated from the monohydrochloride (see p. 2501). 
On treatment with hydrogen chloride in acetic acid solution, it gives 
a quantitative 3 deld of a monohydrochloride. Z-a-Ourcumene is very 
stable. It is not reduced by sodium when dissolved in either ethyl 
or amyl alcohol, nor is it attacked by dilute sulphuric acid. In 
alkaline solution it is only slowly oxidised by potassium perman- 
ganate, whilst titration with bromine in chloroform solution shows 
the presence of only one ethylenic linkage. The physical properties 
of the hydrocarbon indicate, however, that it is monocyclic and it 
must therefore contain three ethylenic linkages. Two of these are 
remarkably inert, and this is not without analogy (compare Buzicka 
and co-workers, jffeZt?. Chim. Acta, 1922, 5, 331 ; 1923, 6, 677 ; 
1924, 7, 1876 ; Rec, trav. chim,, 1928, 47, 363). When Z-a-curcumene 
is reduced catalytically with hydrogen in the presence of platinum 
oxide (Adams and Shriner, J. Amer, Chem, Soc,, 1923, 2171), 

addition of six hydrogen atoms takes place with formation of the 
saturated hydrocarbon, hexahydro-oL’Curcumene, C15H3Q, which is 
optically inactive. 

Whilst this reaction appears to confirm the presence of three 
ethylenic linkages, it cannot be regarded as conclusive, since it has 
been shown (Iyer and Simonsen, J., 1926, 2049) that a c^cZopropane 
ring can be reduced catalytically. It was therefore decided to 
examine the action of benzoylhydroperoxide on the terpene, since 
it has been shown by Nametk^ (J. pr, Chem., 1926, 112, 169 ; 
1927, 116, 56) and Meerwein (ibid,, 1926, 113, 56) that this reagent 
is especially suitable for the estimation of ethylenic linkages. The 
experiments (see p. 2505) establish definitely the presence of three 
such linkages in Z-a-curcumene. 

It has not been found possible to dehydrogenate the sesquiterpene 
with either sulphur or selenium with formation of a naphthalene 
derivative, as Buzicka, Meyer, and Mmgazzioi (Selv, Chim, Acta, 
1922, 5, 345) succeeded in doing in the case of the monocyclic 
sesquiterpene, zingiberene. This would appear to indicate that 
ta-ouroumeue does not contain a " potential ’’ naphthalene nucleus. 
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Z-P-Curcumene has been regenerated in a pure state from its 
trihydrochloride by treatment with anhydrous sodium acetate in 
acetic acid solution. It is a monocyclic terpene containing three 
ethylenic linkages, the presence of which can be proved readily by 
titration with bromine as well as by the formation of the trihydro- 
chloride. On catalytic reduction hhexahydro-^-curcumene is formed, 
the reduction proceeding much more readily than in the case of the 
isomeride, and the product was optically active. We are not in a 
position to say whether the two fully reduced hydrocarbons are 
structurally identical. Oxidation with benzoylhydroperoxide also 
proceeded smoothly and confirmed the presence of three ethylenic 
linkages. 

Unlike the a-hydrocarbon, Z-p-curcumene is very unstable and 
is readily isomerised. After treatment of the hydrocarbon with 
10% sulphuric acid or vuth sodium in amyl-alcoholic solution, 
the crystalline trihydrochloride can no longer be isolated, although 
no reduction takes place in the latter reaction. It seems probable 
from the properties of the recovered hydrocarbon that the action 
of dilute sulphuric acid results in the formation of a dicyclic 
terpene, and this will be further investigated. Dehydrogenation 
with either sulphur or selenium did not lead to any recognisable 
products. 

’ Reference has been made above to the fact that Z-dihydro- 
a-curcumenylamine belongs to a type of base which has been little 
studied, and it therefore appeared of interest to have its physio- 
logical properties examined. Dr. T. A. Henry kindly arranged for 
the base to be tested by Dr. J. Trevan at the Wellcome Physiological 
Research Laboratories, and we are very much indebted to him for 
the following report : 

(1) On the pithed cat (brain destroyed) : 04 mg. as hydro- 
chloride, no effect; 4-0 mg., a very slight rise in blood pressure; 
40 mg, caused a fall in blood pressure from heart failure. 

(2) On isolated rabbit’s uterus in Ringer’s solution, a concen- 
tration of 1 /5000 of the hydrochloride killed the muscle, 

(3) In an etherised cat with intact brain, 4 mg. produced a 
slight fall in bipod pressure. 

“ The base has therefore no characteristic physiological action 
beyond a general toxic action.” 

In its toxic properties this base thus resembles the unsaturated 
amine obtained by the reduction of santonin oxime (Prankel, ** Die 
Artzneimittel-Synthese,” p. 737) and the' unsaturated dicyclic 
amine, camphenamine (op. cit,^ p. 743). 
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Experimental, 

The sesquiterpene used in these experiments was separated as 
described in the previous communication (toe. ciL^ p. 143). It 
was carefully purified by distillation over sodium and had b. p. 
127 — 129°/6 mm. The constants of the oil obtained in different 
preparations varied somewhat 0-8700 — 0-8764; 14929 — 

14940; [a]g-~194° to -25-9°; [Rz]d 67-67— 67-74). This 
somewhat large variation was due to the different proportions of 
i-a- and Z-p-curcumenes present in the oil, as indicated by a similar 
variation in the respective yields of siitrosate and trihy^ochloride 
obtained. Since Z-g-curcumene is readily isomerised, it appeared 
possible that distillation over sodium might be injurious, but this 
was found not to be the case. A specimen of the original sesqui- 
terpene was purified by repeated distUlation without the use of 
sodium, and the constants were very similar (b. p. 129 — 130°/7 mm. ; 
d§§r 0-8790; wg* 1-4944; [a]g* — 20*8®). The relative yields of 
nitrosate and trihydrochloride were not affected by distillation over 
sodium. An attempt was made to separate Z-a- and Z-P-curcumene 
by fractional distillation through a four-pear Young still-head ; ten 
fractions, b. p, 129 — 131 °/7 mm., were taken, but the difference in 
physical properties was small [(1 ) 0-882 ; nf 1-4932 ; [a]g" —22-0® ; 

(6) 0-881; < 1-4940; [a]g* -24-8®; (10) 0-8740; 

wg 1-4940; [a]g •—24-1®], No difference was observed in the 
yields of nitrosate and of trihydrochloride from the ten different 
fractions of the hydrocarbon. 

l-oL-Curcumene. 

Nitrosate, — ^To a well-cooled mixture of Z-curcumene (10 c.c.}, 
amyl nitrite (8 c.c.), and acetic acid (20 c.c.), nitric acid {d 1-42 ; 
8 c.c.) was gradually added, efiScient stirring being essential during 
the addition ; the mixture was kept for some hours, then alcohol was 
added, and the voluminous precipitate collected and well washed 
with alcohoL As previously found (foe. cit, p. 143), the nitrosate 
after crystallisation from methyl alcohol had m. p. 100 — 101°, but 
a sample which was recrystalKsed after 3 weeks’ keeping had m. p. 
110® (compare Earl and Kenner, J., 1927, 1275). The nitrosate is 
readily soluble in most of the ordinary organic solvents with the 
exception of methyl and ethyl alcohols and light petroleum. In 
^hlorofom solution {c = 5-634) [a]g" -204®. A ehlorofonn solution 
-of the nitrosate did not decolorise bromine and was not acted upon 
by hydrogen chloride in ethereal K)lution. The yield of the nitrosate 
-varied considerably (2-3-4-5 g. from 10 g.), depending upon the 
-.sample of Z-curcumene used in its preparation. 
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l-oL-Curmmemnitro1benzylamine, — Tnixture of the nitrosate 
(5 g.), benzylamine (3'6 g.), and alcohol (20 c.c.) was heated on the 
water-bath for 1 hour. On cooling and addition of water, an oil 
separated which slowly crystallised. It separated from dilute 
alcohol in leaflets, m. p. 102 — 104°. In methyl alcohol (c = 2*46) 
[a]g‘ —19*6° (Found : N, 8*5. C 22 H 32 ON 2 requires N, 8*2%). 

hoi-C 2 ircumene Monohydrochloride, — well-cooled solution of 
Z-ourcumene (10 g.) in acetic acid (30 c.c.) was saturated with 
hydrogen chloride, and after standing over-night the mixture was 
poured on ice. The partly crystalline oil was dissolved in ether, 
the ether dried and evaporated, and the residue cooled in a freezing 
mixture. The solid, Z-p-curcumene trihydrochloride, was removed 
by filtration through an ice-cooled funnel, and when the liquid 
hydrochlorides were fractionated under diminished pressure, 
ha-curcumene monohydrochloride was readily obtained pure, b. p. 
150 — 155°/8 mm. (Found : d, 14*7. C 15 H 25 CI requires Cl, 14*8%). 
The hydrochloride is a colourless oil which has no tendency to 
crystallise. As was the case with the nitrosate, the relative yields 
of trihydrochloride and monohydrochloride showed very considerable 
variation. 

In an experiment made with the object of regenerating the parent 
hydrocarbon, a mixture of the monohydrochloride (40 g.), acetic 
acid (100 C.C.), and anhydrous sodium acetate (50 g.) was heated in 
a bath at 140° for hours. The hydrocarbon separated by distil- 
lation in steam and fractionation over sodium had b. p. 118 — 120°/5 
mm. ; 0*8690, 1*4926, [a]§’ —22*1° ; whenit was titrated with 

bromine in chloroform solution, 1 mol. of bromine was absorbed, 
and treatment with hydrogen chloride did not yield any crystaUine 
trihydrochloride, indicating the absence of Z-p-curcumene. The 
hydrocarbon did not, however, consist of pure Z-a-curcumene, since 
the yield of nitrosate was low (2 g. from 10 g.). 

l-OMmim-oi^curcum&nA , — ^When Z-a-curcumene nitrosate in acetic 
acid was treated with zinc dust, a vigorous reaction ensued which 
was difficult to control, and a mixture of hydrocarbons and alcohols 
was formed. The following method was adopted as the most 
convenient for the preparation of the oximino-derivative. 

The freshly prepared nitrosate was dissolved in the mmimum 
quantity of hot alcohol and heated on the water-bath with an 
equivalent amount of alcoholic potassium hydroxide for 20 minutes. 
An excess of water was added, the oil which separated extracted 
with ether, the ether dried, and evaporated. l-Oa»m^?M>-a-C'ztrc« 4 me 2 ic 
is best purified by distillation under diminished pressure, but it is 
necessary to distil only small quantities at a time to avoid decb^; 
position. It is thus obtained as a colourless, viscid oil, b. p. 
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185°/7 mm., 0*9817; <1*6134; [a]f-27*2°; [5 Jo 71*37 
(Found: C, 77*5; H, 9*6. CigHasOIf requires C, 77*2 ; H, 9*9%). 
On titration Tvith. bromine in ciiloroform solution, the presence of 
only one ethylenio linkage was indicated, although the molecular 
refraction agrees fairly closely with the value (72*07) required for 
three such linkages. The oxime is insoluble in aqueous potassium 
hydroxide and in both aqueous and alcoholic solutions of hydro- 
cUoric acid ; it is, however, soluble in alcoholic potassium hydroxide. 
Attempts to prepare a crystalline acetyl derivative or oximino-oxime 
were unsuccessful. 

The benzoyl derivative, prepared by the Schotten-Baumann 
reaction, was only obtained crystalline with difficulty and could not 
be recrystallised, m. p. 84 — 85° (Found : N, 4*7. C 22 H 27 ON 
requires N, 4*4%). The monohydrochloride was formed when an 
ethereal solution of the oxime was saturated with hydrogen chloride. 
It crystallised from alcohol in plates, m. p. 136 — ^136° (Found : 
C3, 12*9. Ci 5 H! 240 NC 1 requires Cl, 13*2%). The hydrochloride was 
very stable and was not acted upon by cold alkali. 

l-i>i%dro-oc-cwrc«W€% 2 /Zamiwe. — ^To a boiling solution of Z-oximino- 
a-curcumene (10 g.) in ethyl alcohol (120 c.c.), sodium (16 g.) was 
added as rapidly as possible. When all the sodium had dissolved, 
the base was distilled in steam, dissolved in ether, and the ethereal 
extract repeatedly washed with dilute hydrochloric acid ( 1 : 1 ). 
The well-cooled solution of the hydrochloride was basified with 
sodium hydroxide solution and the resulting oil (5 g.) isolated by 
extraction with ether. The crude base was mixed with an excess of 
an aqueous solution of oxalic acid, and the sparingly soluble hydrogen 
oxalate which separated was collected ; when crystallised from water 
it separated in clusters of fine needles, m. p. 143 — 144°, containing 
1 mol. of water of crystallisation, which was lost at 100 °. It was 
readily soluble in methyl alcohol, acetone, and benzene, but very 
sparingly soluble in cold water, ethyl acetate, and chloroform. A 
chloroform solution of the oxalate was stable to bromine (Found : 
C, 62*2; H, 9*3; N, 4-1; H^O, 6*3. Ci 7 Ho 904 N,HoO requires 
C, 62*0 ; H, 9*4 ; N, 4*3 ; HgO, 5*5%). 

I’Dihydro-a’-curmmenylamine, obtained by the decomposition 
of the pure oxalate, is a colourless, viscid oil with a strong basic 
smell, b. p. 161 — 152°/17 mm.; <^' 0*9026; nf 1*4983; [a]g' 
— 22 - 2 °; [SxJd 71*85. The molecular refraction agrees closely 
with the value (71*76) required for two ethylenic linkages (Found : 
C, 81*6; H, 11*9; N, 6 * 6 . C 15 H 27 N requires C, 81-4; H, 12 * 2 ; 
N, 6*3%). Crystaliine derivative of the base could not be obtained 
with hydrochloric, perchloric, tartaric, or picric acid ; the sulphate 
was a solid, but was not obtained pure. The base can also be 
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prepared by the reduction of Z-a-ourcumenylamine nitrosate with 
sodium and alcohol, and this is probably the most convenient 
method for its preparation in quantity. 

The acetyl derivative was formed when a mixture of the base 
(3 g.) and acetic anhydride (1-4 g.) was allowed to remain in a 
desiccator over sulphuric acid for 24 hours. The crystalline solid 
which separated was purified from light petroleum and obtained in 
needles, m. p. 109 — 110° (Found: C, 77-9; H, 10*7; U, 6*5. 
requires 0,77-6; H, 11-0; N, 5-3%). 

Iodide and Hydroxide. 

— ^The trimethylammonium iodide is obtained in a poor 3 deld when 
the base in either methyl-alcohoho or acetone solution is treated 
with methyl iodide. For its preparation in quantity the foUowing 
method was adopted : The base (1 mol.) was suspended in aqueous 
sodium hydroxide solution (1:2; 5 mols.), and to the hot solution 
methyl iodide (4 — 5 mols.) was added drop by drop, the reaction 
being complete in 4 — 5 hours. After the reaction mixture had 
stood for 2 days, the greater portion of the iodide had separated as a 
crystalline solid. A further quantity can be obtained by saturating 
the alkaline solution with carbon dioxide, evaporating it to dryness 
under diminished pressure, and extracting the inorganic salts with 
alcohol. The crude iodide was best purified by solution in water, 
saturation of the solution with carbon dioxide, and evaporation to 
dryness under diminished pressure. The dry residue was dissolved 
in alcohol and filtered from inorganic salts, and after removal of the 
alcohol the residue was finally recrystaUised from ether, the tri^ 
methylcmmonium iodide being obtained in needles, m. p. 163 — 164° 
(Found : C, 55-5 ; H, 8-9 ; I, 2-8. requires C, 56*2 ; 

H,8-7; 1,3-2%). 

For the preparation of the hydroxide, the iodide was shaken in 
aqueous solution with an excess of freshly prepared silver oxide for 
several hours. The filtered, strongly alkahne solution was con- 
centrated under diminished pressure at the ordinary temperature, 
and finally dried over phosphoric oxide, a crystalline solid being 
obtained. The hydroxide was extremely hygroscopic and became 
pasty immediately on exposure to the atmosphere. It was not 
found possible to purify and analjrse it. 

1- a - Gurcumene and \-Dimefhyldihydro- a-curcumenylamiTie . — ^The 
hydroxide (10 g.) was distilled under diminished pressure (400 mm.), 
the' distillate being collected in dilute sulphuric acid. After 
separation of the insoluble oil (A) by ether, the acid solution was 
basified with dilute sodium hydroxide solution, and the organic base 
extracted with ether. On removal of the solvent, an oil 
remained, b. p. 130 — 140°/15 mm.; dgl 0-8824; wgVl-iftlSi 
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[ot®' -23*0° (Found : C, 82*0; H, 12*2; N, 5-6. C17H31N requires 
0,81*9; H, 12*4; N, 5*9%). l-DimethyUihydro-oL-curcurne 
was a viscid oil with a strong basic smell; it did not yield any 
crystalline derivatives. 

The oil (A) was distilled over sodium, b. p. 128 — 130°/7 mm. ; 

0*8633; 71^1*4944; [«]g“-22*9°; [E^Id 68*23. It was identi- 
fied as very pure l-oL-curcuTnene, It was only very slowly attacked 
by potassium permanganate in alkaline solution, and when dissolved 
in chloroform it absorbed one mol. of bromine. Treatment with 
hydrogen chloride in acetic acid solution gave a quantitative yield 
of the monohydrochloride (Found : Q, 14*6. Calc. : d, 14*8%) 
and no trace of a trihydrochloride. The yield of nitrosate was very 
much higher than that obtained from any other sample of the 
hydrocarbon examined (0*45 g. from 0*8 g. of the hydrocarbon). 
Z-a-Curcumene was not reduced by sodium in ethyl-alcoholic solu- 
tion, the physical constants of the recovered oil being unchanged, 
nor was it isomerised by heating at 380° in an inert atmosphere. 
It did not yield a naphthalene derivative when heated at 270° 
with sulphur or selenium. A solution in acetic acid gives, with a 
drop of sulphuric acid, a yellow coloration gradually changing to 
pink. 

Sexdhydro-a-eurcumene. — ^A mixture of Z-a-curcumene (10 c.c.), 
acetic acid (40 c.c.), and platinum oxide (0*3 g.) (Adams and 
Shriner, Zoc. cU,) was shaken with hydrogen at a pressure of 2 atm. 
Reduction was complete after 50 hours and it was necessary to 
revive the catalyst twice by treatment with oxygen. The hexa- 
hydro-oL-cur<mmene was a viscid, colourless oil, b. p. about 128°/7 mm. ; 
dg: 0-8283; <1*4592; [a]r + 0°; 69*36 (Calc., 69*27) 

(Found : C, 86*0 ; H, 14*0. G15H33 requires C, 85*7 ; H, 14*2%), 
It did not absorb bromine in chloroform solution. 

\-^-Curcu7rtene. 

A mixture of the trihydrochloride (see p. 2501) (80 g.), acetic acid 
(300 C.C.), and anhydrous sodium acetate (110 g.) was heated at 140° 
for 8 hours. After addition of water, the sesquiterpene was distilled 
in steam, dried, and purified by repeated distillation over sodium. 
l-^^-Curcumene is a thick, colourless oil, b. p. 128 — 130°/6 mm.; 
dg: 0*8810; < 1*4940; [a]f -27*9°. The hydrocarbon did not 
yield a crystalline nitrosate, and on treatment with hydrogen 
chloride the tiihydroehloride (m. p. 84 — 85°) was regenerated in a 
yield of more than 50% of the theoretical. Titration with bromine 
in chloroform solution gave figures agreeing closely with those 
required for the presence of three ethylenic linkages, whilst in the 
presence of alkali a solution of potassium permanganate was im- 
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mediately decolorised. An acetic acid solution gives with a drop of 
sulphuric acid a deep brown coloration. 

When the hydrocarbon was heated on the water-bath for some 
hours with a dilute solution of sulphuric acid (10%), it was converted 
into what would appear to be a dicychc terpene, b. p. 115 — 117®/7 
mm.; 0-8932; < 1-4936; [a]5?“ - 11-9°: 66-43. This 

new hydrocarbon, which awaits investigation, does not yield any 
crystalline derivatives. Z-p-Curcumene is not reduced by sodium 
in amyl-alcoholic solution, but undergoes isomerisation and no longer 
yields the characteristic trihydrochloride (b. p. 129 — 130°/7 mm. ; 

0-8780; < 1*4936). Isomerisation was also observed when 
the terpene was heated in an inert atmosphere at 380° under pressure. 
No naphthalene derivatives were formed when the terpene was 
heated at 270° with either sulphur or selenium. 

l-^-Hexahydrocurcumene, — Z-P-Curcumene was catalytically hydro- 
genated under the same conditions as were used for Ucc-cvi- 
cumene. The hydrogenation proceeded with greater ease and was 
complete in 10 hours. The saturated hydrocarbon had b. p. about 
128°/7 mm.; 0-8283; <1-4552; [a]f + 6-3° (Found : C, 
85-9; H, 14-2. C 3 ^ 5 H 3 o requires C, 85-7 ; H, 14*2%). 

Oxidation of 1-a- and h^-Curcumenes with Benzoylhydroperoxide , — 
Weighed quantities of each of the sesquiterpenes were mixed with 
an excess of a standard solution of benzoylbydroperoxide (von 
Pechmann and Vanino, Ber., 1894, 27, 1511 ; Levy and Legrange, 
Bull. Soc. chim., 1925, 37, 1597) in chloroform solution, and main- 
tained at 10 — 15° until oxidation was complete. A portion of the 
solution was removed from time to time for titration against sodium 
thiosulphate in the presence of potassium iodide. Oxidation was 
found to be complete after about 478 hours, during which period 
a solution of benzoylbydroperoxide in chloroform kept under 
similar conditions show^ no appreciable alteration in strength. 
The results conJSrmed the presence of three ethylenic linkages in each 
hydrocarbon (Z-a-Curcumene : peroxide used corresponded to 133*2 
c.c. of Na 2 S 203 solution; calc., 137-3 c.c. Z-P-Curcumene : per- 
oxide used corresponded to 140-4 c.c. of Na^SgOg solution; calc., 
133-6 C.C.). 

Indian Institute or Science, 

BanoaXiOBE. [Received, July 1928 .] 
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CCCXXXII . — Eqiiilihrhim m the Systems ZnS 04 - 
Na 2 S 04 -H 20 at 0° aiid 25"; MnS 04 -Na 2 S 04 -H 20 
at 0", 25", aTid 35° ; and C 0 SO 4 -K 2 SO 4 -H 2 O at 26". 
By Eobebt Mab tin Caven and Wiijiam Johnston. 

Koppel and Guivipebz (Z. physikal. Ghem., 1906, 52, 409) have 
investigated the double salts formed by sodium sulphate with a 
series of the sulphates of the bivalent metals. These double sul- 
phates are formed, not at 0°, but at higher temperatures. However, 
while Koppel and Gumperz were mainly interested in the double 
salts formed, the present authors are more concerned with the type 
of isotherms given by the various systems. Thus, whilst Koppel 
{Z. pJiysihal. Chem., 1903, 42, 1) showed that the double salt 
CuS04,Na2S04,2H20 does not crystallise below 16-7® from a solution 
of its component salts, the authors (J., 1927, 2358) investigated the 
isotherms of the system CuS04-Na2S04-H20 at 0®, 25®, and 37*5°. 

Koppel and Gumperz (Zoc. cit.) have shown that the double salt 
ZnS04,Na2S04,4H20 is formed from a solution of its component 
salts only above 8*7®. They did not, however, examine the system 
completely at any given temperature, so it was decided to investigate 
the isotherms at 0® and 25®. 

Geiger (Thesis, Berlin, 1904) alleged that the double salt of manga- 
nese sulphate and sodixun sulphate existed in two hydrated forms : 
MhS04,Na2S04,4H20 and ]VInS04,Na2S04,2H20. According to 
Marignao (Ann. Min,, 1856, 9, 22), the dihydrate of manganese 
sodium sulphate crystallises from a solution not below 36*6®, and a 
tetrahydrate by free evaporation at the ordinary temperature; 
these results were accepted by Koppel (Zoc. cit,), 

Schreineimakers and Provije {Proc, K. Akad. Wetemch. Amsterdam, 
1913, 15, 326) investigated the system MnS04-Na2S04-H20 at 35®, 
and noted the formation of two double salts (9MiiS04,10Na2S04 and 
MnS04,3Na2S04) according to the composition of the mother-liquor. 
It was therrfore decided to invest^ate this systematthistemperature 
as well as at 0° and 25°. 

The system C0SO4-K2SO4-H2O has been investigated at 25® in 
order to compare it with the systems NiS04-K2S04-H20 (Caven 
and Johnston, J., 1926, 2628) and CuS04~K2S04-H20 (Caven and 
Mitchell, J., 1924, 125, 1428) at the same temperature. 

Expeeimental. 

TM System ZuS04-N'a2S04-H20 at 0® and 25°. — ^For the investig- 
ation at 0®, saturated solutions of the two salts were made at 
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atmospheric temperature, and various proportions of these solutions 
were placed successively in a flask fitted with a stirrer and kept 
immersed in ice and water ; the mixtures w^ere stirred for 3 days 
before portions of the solutions were separated and analysed. For 
the system at 25°, saturated solutions of the two salts were made at 
40°, and solutions as above placed in a flask immersed in a thermostat 
at 25° ± 0-01°. Zinc was determined by means of standardpotassium 

Fig. 1. 

System ZnS 04 --NaaS 04 -H 20 at 0° and 25°. 



O’ 1 Z 

Jfofo. of NajSOj per 1000 g, of "Kfi, 

ferrocyanide solution, and sodium sulphate was calculated after 
determination of total sulphate. 

The results are expressed as mols. per 1000 g. of w^ater, and are 
shown by means of rectangular co-ordinates (Fig. 1). 

The System MnS 04 -Ha 2 S 04 --H 20 at 0°, 25°, and 36°.— For this 
system at 0°, saturated solutions of the two salts were made at room 
temperature, and the same procedure as above was carried out. A 
slightly different procedure was necessary at 25°. The solubility 
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Table I. 

The System ZnS 04 -Na 2 S 04 -H 20 at O'* and 25°. 

(Z == Zinc sulphate; N = Sodium sulphate; D ~ Double salt.) 
Temperature 0°. Temperature 26*^. 


Mols. of 

Hols, of 


Mols. of 

Mols. of 


Zn 804 per 

NaaS 04 per 


ZnS 04 per 

Na 2 S 04 per 


1000 g. 

1000 g. 

Solid 

1000 g. 

1000 g. 

Solid 

of HaO. 

of HaO. 

phase. 

of HaO. 

of HaO. 

phase. 

■ - 

0-331 

N. 



1*972 

N. 

0-128 

0-347 

N. 

0-543 

2*023 

NT. 

0-414 

0-366 

N. 

1-073 

2-084 

N. 

0-600 

0-381 

N. 

1-226 

2-087 

N. &D. 

0-014 

0-388 

N. 

1-987 

1-322 

D. 

1-886 

0-463 

N. 

2-669 

0-871 

D. 

2-494 

0-485 

N. 

2-922 

0-745 

D. 

2-521 

0-492 

N. & Z. 

3-157 

0-641 

D. 

2-568 

0-122 


3-463 

0-551 

D. &Z. 

2-589 



z. 

3*504 

0*255 

Z. 




3-518 

— 

Z. 


of manganese sulphate decreases above 27°, and there was therefore 
no advantage in preparing solutions above this temperature. Con- 
sequently, solutions of sodium sulphate saturated at 40° and of 
manganese sulphate saturated at 25° were used. To ensure the 
presence of a solid phase on the manganese sulphate portion of the 
isotherm, solid tetrahydrated manganese sulphate (the hydrate 
stable at 25°) was added to different mixtures of the above solutions- 
These mixtures were placed in a flask as above, immersed in a 
thermostat at 25 ± 0*01°, and stirred for 4 days, after which it was 
found that equilibrium had been reached. At the sodium sulphate 
end of the isotherm, different proportions of the above solutions 
were taken, and the mixtures stirred for 3 days. Both solid and 
liquid phases were analysed. Bor the experiment at 35°, various 
proportions of solutions of the two salts saturated at 40° were used, 
whilst to ensure the presence of the appropriate solid phase, anhy- 
drous sodium sulphate was added at the sodium end of the isotherm 
and monohydrated manganese sulphate at the manganese end. 
These mixtures were stirred for 4 days. Both solid and liquid 
phases were analysed, manganese being estimated volumetrically 
by the Volhard method, and sodium sulphate calculated after 
determination of total sulphate. 

The results are express^ as mols. per 1000 g. of water (Fig. 2)- 
The results at 25° and 36° are also expressed as g. per 100 g. of 
solution, and plotted on the triangular diagram in order to show 
the composition of the double salt (Figs. 3 and 4). 

The double salt obtained by us at 25° from an equimolecular 
solutioxL of its constituent salts was washed vith water at the same 
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temperature, air-dried, and analysed (Found : MnSOj, 45'77 ; 
NagSOi, 43-15; HjO, 11-08. Calc, for MnS 04 ,Na 2 S 04 , 2 H 20 : 
MnSO*, 45-88; NagSOi, 43-18; HjO, 10-94%). 


Fig. 2. 


System MnSO^-NajSOj-HjO at 0®, 26®, and 36®. 



The Sjrstem MnS 04 -Na 2 S 04 -Hj 0 at 0®. 


(M = Manganese sulphate ; N =° Sodium sulphate.) 


Mols. of 

Mols. of 


Mols. of 

Mols. of 


fnS 04 per 

NagSO^ per 


MnS 04 per 

Na 2 S 04 per 


1000 g. 

1000 g. 

SoHd 

1000 g. 

1000 g, • 

Solid 

of H*0. 

of HgO. 

phase. 

ofHgO. 

of HjO. 

phase. 



0-331 

N. 

2*818 

0-520 

N. 

0-254 

0-369 

N. 

3-413 

0*566 

N. & M, 

0*773 

0-389 

N. 

3-424 

0*509 

, M. 


0-383 

N. 

3-499 


Ma ' 


0-445 

N. 

3-533 

— 

M* 
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Fig. 3. 



Equilibrium diagram for the system MnSOi^NagSOj-HgO at 26°. 

The compoaition of the double salt is shown by the co-ordinates of the point 
D, at which brohen lines drawn through the moist residues intersect^ to be 
MiiS 04 .Na 2 S 04 , 2 H 20 , 

Table III. 


The System at 25° and 35°. 

(M = Manganese sulphate ; X = Sodium sulphate; D = Double salt.) 


Temperature 25°. 


Temperature 35°. 


Mols. of 

Mols, of 


Mols. of 

Mols. of 


MnS 04 per 

XaoS 04 per 


MnS 04 pe* 

Xa 2 S 04 per 


1000 g. 

1000 g. 

Solid 

1000 g. 

1000 g. 

Solid 

of HoO. 

of HoO. 

phase. 

of HaO. 

of HgO. 

phase. 

— 

1*972 

X. 



3*440 

X. 

0-240 

2*004 

X. 

0-431 

3-288 

X. 

0-349 

2-003 

X, 

0-674 

3-175 

X. 

0-491 

2*029 

X. 

0-980 

3-063 

X. &D, 

0-861 

2-054 

X. 

1-055 

2-830 

D. 

1-536 

2-108 

X. 

1-287 

2-504 

D. 

1-7S6 

2-132 

X. & D. 

1-602 

2-144 

D. 

1^928 

1-917 

D. 

2-821 

1-266 

D. 

2-381 * 

1-494 

D. 

3-299 

0-978 

D. 

2-767 

1-232 

D. 

3*875 

0*790 

D. & M, 

3-169 

1-001 

D. 

4-109 

0-359 


3-889 

0-742 

D. 

4-334 



M. 

4-220 

0-618 

D. & M. 



4-248 

0-195 

M. 




4-252 

— 

M. 
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Fig. 4. 



The composition of thje doiMe salt is shown hy the co-ordAnates of iJie point 
I), at which hroJzen lines drawn through the moist residues int^sect, to he 
3^InS04,Na2S04,2H20 . 

Table IV. 

The System MnS 04 -Na 2 S 04 -H 20 at 26°. 

(D.S. = MiiS04,NaaS04,2H20.) 

Solutions. . Moist solids. 


MnS 04 . 

Nra 2 S 04 . 

HjO. 

]MnS 04 . 

NagSOi. 

H.O. 

Solid phase. 

— 

21*89 

78-11 





2-81 

21*54 

75*65 





3-94 

5-44 

21*28 

21*16 

74*78 

73-40 



~ }NajSOt,IOHsO. 

9-14 

20*53 

70*33 





16*15 

19*55 

66*30 





17-15 

19-26 

63-59 

24-60 

44*96 

30*55 

NagSOiaOHsO & D.S, 

18*62 

17*42 

63*96 

26-26 

24*64 

49-10' 


22*88 

13-61 

63-61 

33-24 

26*87 

39-89 1 


26*23 

11-00 

62-77 

37-26 

28*81 

33*93 

■D,S. 

29*62 

8*78 

61*70 

36*58 

23*97 

39*45 1 


34-69 

6*23 

59*08 

39*20 

20*94 

39*86 J 


36-94 

6*09 

57*97 

46-01 

28*10^ 

26-89 

D.S. & MnS04,4HA 

38*43 

39*10 

1*66 

69*91 

60*90 

__ 


=) 

' MnS04,4H8O. 
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Table V. 

The System MnS 04 *-Na 2 S 04 -H 20 at 35°. 
(D.S. = MnS04,Na2S04,2H20.) 
Solutions. Moist solids. 


MnSO«. 

Na 2 S 04 . 

HgO. 

MnS 04 . 

NraaS 04 . 

HgO. 

Solid phase. 


32-83 

67-17 

— 

— 

48*821 Na-SO.. 

4-25 

30-49 

65-26 

3-26 

47-92 

6-55 

29-05 

64-40 

5-45 

40-51 

54-041 

53-12 


9-35 

27-49 

63-16 

8-41 

38-47 

Na^SOi & D.S. 

10-21 

25-75 

64-04 

20-43 

31-06 

48-511 

12-54 

22-96 

64-50 

15-62 

24-90 

59-48 


15-64 

19-70 

64-66 

23-09 

25-78 

5M3 

D.S. 

26-56 

11-12 

62-32 

28-87 

15-31 

55-82 


30-43 

8-49 

61-08 

32-65 

13-93 

53*42^ 


34-46 

6-62 

58-92 

45-73 

6-65 

47-62 

D.S. & MnS04,H^O. 

37-12 

39-56 

3-05 

59- 83 

60- 44 

39-60 

3-01 

MhS 04 ,H» 0 . 


The System C 0 SO 4 -K 2 SO 4 -H 2 O at 25°. — ^For this system at 25°, 
saturated solutions of the two salts were made at 40°, and various 
proportions placed in a flask fitted with a stirrer, and immersed in a 
thermostat at 25° ± 0*01°. The mixtures were stirred for 3 days, 
and liquid phases only analysed. Cobalt was estimated by precipi- 
tation as ammonium phosphate, and ignition to pyrophosphate. 
Potassium sulphate was calculated after determination of total 
sulphate. 

The residts are expressed as mols. per 1000 g. of water (Fig, 6 ). 


Table VI. 

The System CoS 04 -K 2 ®®r"H 20 at 25°. 


(C == Cobalt sulphate ; H = Potassium sulphate ; D = Double salt.) 


Mols. of 

Mols. of 


Mols. of 

Mols. of 


C 0 SO 4 per 

£*804 per 


C 0 SO 4 

K 2 SO 4 per 


1000 g. 

1000 g. 

Solid 

1000 g. 

1000 g. 

SoUd 

of HjO, 

of HjO. 

phase. 

of HjO. 

of H 3 O. 

phase. 

— 

0-680 

K. 

1-372 

0-321 

D. 

0-150 

0-737 


2-205 

0-240 

D. 

0-239 

0-780 

b:.&d. 

2-557 

0-212 

D. &C. 

0-458 

0-531 

D. 

2-536 

0-190 

C. 

0-950 

0-388 

D. 

2-433 



C. 

1-095 

0-361 

D. 





CoTidusioTis. 

The Zinc-Sodium System (Fig. 1 ). — 1 . No double salt is formed at 
0°. This is in agreement with the work of Koppel and Gumperz. 
The isotherm simply shows the influence of each salt on the solubility 
of the other. 

2 . The double salt ZnS 04 ,Na 2 S 04 , 4 H 20 is formed over a con- 
siderable range at 25°, 
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3. At both O'* and 26°, the solubility of sodium sulphate is 
increased by addition of zinc sulphate. 

4. At both 0° and 25°, the solubility of zinc sulphate is decreased 
by addition of sodium sulphate. This is in contrast to the system 
0uS04-Na2S04-H20 (Caven and Johnston, loc. cit.) where both at 
0° and 25° the solubility of copper sulphate is increased by addition 
of sodium sulphate. 

The Manganese-Sodium System (Fig. 2).- 
formed at 0°. 

2. The double salt MnS04,Na2S04,2H20 
(Fig. 3) is the stable salt at 25°, and is 
formed over a considerable range. 

3. MnS04,Na2S04,2H20 (Fig. 4) is also 
formed at 35° over a wider range. No 
evidence was found of the formation of 
the double salts MnS04,3Na2S04 and 
9MnS04,10Na2S04 (Schreinemakers and 
Provi3e,^oc.c^^.), or of MnS04,Na2S04,4H20. 

4. A study of the isotherms at 25° and 
35° (Fig. 2) shows the interesting fact that 
the double-salt portion of the 25°-isotherm 
is nearly coincident along all its length 
with the double-salt portion of the 35°- 
isotherm. This indicates that the solu- 
bilities of the double salt at these two 
temperatures are almost identical. A closer 
inspection of the place where the equi- 
molecular line OA (Fig. 2) cuts the isotherms 
shows that the solubility of the double salt 
MnS04,Na2S04,2H20 is slightly less at 35° 
than at 25°. 

6. At all three temperatures the solu- 
bility of manganese sulphate is decreased 
by addition of sodium sulphate. This fact 
is of much greater interest on more particular examination, for the 
solid phases are different at the different temperatures. The 
decrease is least at 25° where the solid phase is MnS04,4H20, and 
is greatest, being much accentuated, at 35° where the solid phase is 
MnS04,H20. An intermediate decrease is shown at 0°, where the 
solid phase is MnS04,7H20, Thus these isotherms show the effect 
of addition of sodium sulphate on the solubilities of the hepta-, 
tetra-, and mono-hydrated forms of manganese sulphate. 

6. The solubility of MnS04,H20 at 35° is slightly greater thau.ti^l 
of MnS04,4H20 at 25°. ^ 


-I.’ No double salt is 


Fig. 5. 

System Co(Cu,Ni)S 04 - 
KaS 04 -H 20 at 25°. 
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7. At 0° and 25® tlie solubility of sodium sulphate is increased by 
addition of manganese sulphate. At 35® it is much decreased by 
increasing quantities of manganese sulphate. Here again there is a 
change of solid phase from the decahydrated to the anhydrous state. 

The Cobalt-Potassiwn System (Kg. 5). — 1. The double salt 
CoS 04,K2S04,6H20 is formed over a wide range at 26®. 

2. The solubility of each single salt is increased by addition of 
the other. 

3. The isotherm is of the general type obtainable for double salts 
of the form SFS04,!M?2S04,6H20. It closely resembles the isotherm 
for the system CUSO4-K2SO4-H2O at 25® (Caven and MtcheU, 
Zoc. cit)y but differs considerably from the corresponding isotherm 
for the system l?iS04-K2S04-H20 (Caven and Johnston, J., 1926, 
2628), which deviates appreciably from the typical isotherm (see 
Fig. 5). 

The authors wish to thank the Carnegie Trustees for a Scholarship 
which has enabled one of them (W. J.) to participate in this research. 

Royai, Tecknicajl CoHjEge, Glasgow. [Received, July 2%th, 1928.] 


CCCXXXIII . — The Ohemistry of the Three-carbon 
System. Part XIX. The Homomesitones. 

By Aileen Edith Abbott, George Abmand Egbert Kon, and 
Ealph Dated Satchell. 

Tn searching for readily accessible examples of neutral tautomeric 
substances, we were led to examine the ketones O8H14O, derived 
from the intermolecular condensation of methyl ethyl ketone, to 
which the name homomesitones was applied by Porlezza and Gatti 
{Qazzetta, 1925, 25, 224). Theoretically, there are four possible 
homomesitones lE the very unlikely formation of the substance 
CH2Me-ClIerCB[-GB[2'^OMe be left out of consideration. 

dO CHgMe-CMerCH-COEt CHMerCMe-CHa-COEt (II.) 
<ni.) GH^Me-CaierGMe-COMe CmielCMe-Cmie-COMe (IV.) 

These two pairs of compounds are related to one another in the 
same way as the ketones studied by Kon and Linstead (J., 1925, 
127, 815) and should exhibit tautomerism of the same general 
character. Homomesitones have been obtained by a variety of 
methods, but little was known of their chemistry until Bodroux 
and Tabonry {Bull See. eJiim., 1908, 3, 831; 1909, 5, 960), who 
obtained their product with the aid of calcium carbide, attempted 
to characterise it by means of the very iadefinite semicarbazone 
melting at 119 — 120®; subsequen^y, Becker and Thorpe (J., 1922, 
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121, 1303) obtained the same ketone and concluded that it had the 
structure (I) because it condensed with ethyl sodiomalonate to a 
dihydroresorcinol which gave p-methyl-P-ethylglutaric acid on 
oxidation; a similar conclusion was reached by Ekeley and Howe 
(J. Amer, Ghem. 8oc., 1923, 45, 1917), who prepared their ketone 
with the aid of both alkaline and acid condensing agents. 

The experience accumulated in the last few years suggested that 
the ketone (II) would probably be encountered together with (I) in 
the crude homomesitone prepared in the presence of sodium eth- 
oxide, whilst the mobility of the three-carbon system present in 
these compounds would doubtless enable (II) to condense with 
ethyl sodiomalonate just as readily as (I). Closer investigation 
brought to light considerable divergences in the properties of 
homomesitones from different sources, and it was therefore necessary 
to characterise the different compoimds met with. The -task 
proved to be one of great dfficulty owing to the extremely intract- 
able nature of the mixtiures of ketones obtained from methyl ethyl 
ketone, more especially with the aid of alkaline condensing agents. 
The semicarbazones prepared from these mixtures are extremely 
soluble in the crude state, have but little tendency to crystallise, 
and are probably mixtures of stereoisomerides. For this reason 
it is only possible to isolate a very small proportion of the constituents 
of a given mixture in the pure state. We ultimately succeeded in 
establishing the mutual relationships between the different homo- 
mesitones by recourse to syntheds, and the results can be briefly 
summarised as follows : {a) Alkaline condensing agents lead to 
mixtures of (I) and (11), the former predominating especially in the 
ketone obtained by Bodroux and Taboury’s method ; the ketone 
(I) forms a characteristic semicarbazone, m. p. 162°. (6) Acid con- 
densing agents lead to ketones with a branched chain (HI or IV), 
sulphuric acid giving a ketone of low density, consisting mainly of 
the Py-compound (IV), whereas hydrochloric acid yields a ketone 
of high density and refractive index, consisting mainly of (HI) ; by 
far the best method is that of Descude {Ann. Chim. Phys.^ 1903, 29, 
486), which generally gives (III) only. The formation of ketones 
with a branched chain is not altogether unexpected, because it 
has been shown by Harries and his pupils that aromatic aldehydes 
condense with methyl ethyl and methyl propyl ketones to give 
compounds such as OHPhICR-COMe in presence of hydrochloric 
acid, whilst straight-chain compounds are formed in alkaline solution. 
It is surprising that Ekeley and Howe did not suspect differences of 
structure in the homomesitones prepared by them and subse- 
quently used for synthetic purposes. 

The structure of the homomesitones (I), (III), and 
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coDfirmed by synthesis from the corresponding acids which were 
prepared by standard methods; all attempts to synthesise the 
compound (IE), however, were unsuccessful, and the only way in 
which this substance could be obtained consisted in treating the 
equilibrium mixture of (I) and (11) with aluminium amalgam 
which converts (I) into a bimolecular reduction product, leaving 
the ^-ketone unattacked. 

There are definite indications that the homomesitones are capable 
of ds-trans isomerism ; thus, the ketone (IV) gives two semicarb- 
az&im, m, p. 203—204® and 163®, although mistures melting at 
about 175® are usually encountered. The semicarbazone of (III) 
has a form of m. p. 166 — 167° in addition to the usual one, m. p. 
186®. The ketone obtained by the action of magnesium ethyl 
iodide on ethyl etho^crotonate (Blaise and Maire, Ann, Chim, PJiys,, * 
1908, 15, 566), which forms a semicarbazone (m. p. 168°) not identical 
with that of (I), must be a stereoisomeride of the latter ; stereo- 
isomerism in this case cannot be due to the existence of two forms 
of the semicarbazone, because the regenerated ketone yields the 
same semicarbazone on recombining with semicarbazide (compare 
Locquin and Heilmann, Oompt. rend.^ 1928, 186, 705). In addition 
to this, every un£ymmetrical ketone can theoretically give rise 
to two semicarbazones, and it may be that the homomesitones (I) 
and (II) do actuaUy yield mixtures of cis4rans isomeric derivatives, 
which would in part account for the nature of the semicarbazone 
usually obtained from them. 

Tmdomerism of the Homomesitones, — ^Investigation proves that 
the homomesitones exhibit tautomerism of the nature to be expected 
from their structure. In presence of sodium ethoxide or methoxide 
they form equilibrium mixtures similar to those recently studied by 
Dickins, Hugh, and Kon (this voL, p. 1630). It is a remarkable 
f aot, however, that both as regards mobility and point of equilibrium 
the pairs of homomesitones are very different. Thus, the 
ketones (I) and (II) form an equilibrium mixture containing 67-5% 
of the ap-compound, and this mixture is, as might be expected, 
indistinguishable from the crude homomesitone obtained by the 
action of sodium ethoxide on methyl ethyl ketone. The mobility 
of the system is high, equilibrium being practically established in 
24 hours at room temperature. The ketones (HI) and (IV) in 
presence of sodium ethoxide form an equilibrium mixture containing 
only 17% of the ap-compound, and the mobility is so low that the 
equilibration of the ap-ketone only proceeded half-way in the course 
of a fortnight at room temperature. The final equilibrium had to 
be determined at the boiling point of the reagent, and was only 
reached after 9 hours. 
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The difEerence between the two pairs of ketones must evidently 
be attributed to the effect of the a-methyl group present in (III) and 
(IV) which has already been found to favour the py-phase in some 
cases (Kon and Narayanan, J., 1927, 1536), although no such effect 
was observed in the acids studied by Goldberg and Linstead (this 
voL, p. 2349). The great effect on mobility is certainly unexpected, 
and further work will be necessary before any explanation is 
attempted; it is therefore proposed to study several suitable 
cases in the near future. 

Experimental. 

Action of Acid Condensing Agents on Methyl Ethyl Ketone. 

1. Sulphuric Acid. — ^Ice-cold methyl ethyl ketone was treated with 

one-tenth of its volume of sulphuric acid, the mixture kept for 
24 hours, and worked up as described by Ekeley and Howe (Zoc, ciU). 
The yield of homomesitones was poor, generally about 10%, b. p. 
mainly 60 — 62®/17 — 19 mm., together with a fraction, b. p. 65 — 
70®. The first fraction, 0*85845, 1*44552, was readily 

converted into a crystalline semicarbazone ; this was fractionally 
crystallised from methyl alcohol, the less soluble portion being 
obtained in long, transparent laminae, m. p. about 175® ; on repeated 
crystallisation from ethyl alcohol, the m, p. rose to 203—204®, the 
compound bemg identical with the semicarbazone of (IV) (see below) 
(Found : N, 23*3. C^Hi^ONg requires N, 22*9%). The more 
soluble constituent of the original mixture was obtained in plates, 
m. p. 134®, evidently consisting of a eutectic ” similar to those 
previously obtained (compare Kon and Linstead, loc. cit). 

The fraction, b. p. 65 — 70®/17 mm., gave a semicarbazone from 
which iridescent, anthracene-like plates, m. p. 186®, were obtained 
on fractional crystallisation from methyl alcohol; these were 
identical with the semicarbazone of (III) (see below). 

A somewhat better yield of homomesitones could be obtained 
by increasing the amount of condensing agent used; thus from 
500 c.c. of methyl ethyl ketone and 200 c.c. of acid in four portions, 
82 g., b. p. 53 — 85®/14 mm., were obtained, from which similar 
products were isolated. 

2. HydrocJdoric Add. — The condensation was carried out as 
described by Ekeley and Howe ; in later experiments, the mixture 
was kept for only 8 days. A yield of some 40% of homomesitone 
fraction was obtained, boiling mainly above 65® /20 mm. ; the 
principal fraction, b. p. 65— 67®/19 mm., had 0*8689, 
1*45133. The same semicarbazone was obtained from all the 
fractions; it was purified by grinding with light petroleum^ 
fractionally crystallised from methyl alcohol. The 
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usually melted at about 172° and had the characteristic anthracene- 
like appearance of the aji-compound, m. p. 186° ; repeated fractional 
crystallisation from methyl alcohol or acetone raised the m. p. 
to about 180°, Trhilst a compound of identical appearance, m. p. 
166 — 167°, was present in the more soluble fraction and was 
evidently a stereoisomeride. Both semicarbazones gave rise to 
similar ketones : (a), from the high-melting semicarbazone, b. p. 
o3°/13 mm., 0-86722, 1-45313, [Bzh 39-32; (b), from 

the low-melting semicarbazone, b. p. 53°/13 mm., 0-86567, 
1-45233, 39-32 ; the same semicarbazones were obtainable 

from these ketones, although the higher-melting compound was 
clearly not quite homogeneous. This fact and the difficulty in 
eliminating all traces of halogen from the product caused us to 
abandon the use of hydrochloric acid as a condensing agent. 

3. I)escud€s Method . — ^The first experiment according to Descude’s 
directions (Jtoc. cit.) gave a somewhat poor yield of homomesitone 
which was an inseparable mixture of ap- and Py-ketones (III and 
IV), The following simplified process gave good results : 300 G. 
of methyl ethyl ketone and 300 g. of acetyl chloride were cooled 
below 0°, and 120 g. of pow'dered zinc chloride added, the mixture 
being kept in the ice-chest for 2 days. Water and a little ether 
were added, and the oil was washed with sodium carbonate and 
added to a hot solution of 100 g. potassium hydroxide in 100 o.c. of 
water and 300 c.c. of alcohol, the mixture being boiled under reflux 
for 5 minutes. Water was then added, the oil extracted by ether, 
thoroughly washed, dried, and fractionated with a good column. 
The fractions obtained were : (a) up to 50°/20 mm., 30 g. ; (6) 
50— 65°/18 mm., 9 g. ; (c) 55— 68°/17 mm., 22 g. ; (d) 58— 63°/16 
lam., 27 g. ; (e) 63— 73°/15 mm., 38 g. Fractions (6), (c), and (d) 
were converted into the seTnicarbazone which formed characteristic 
plates, m. p. 186° after one crystallisation, and was identical with 
the synthetic specimen (see below) (Found : 0, 59-0 ; H, 9*4, 
CgHi^ONg requires C, 59-0; H, 9-4%). The ketone regenerated 
from it with oxalic acid had b. p. 53°/10 mm., 160°/750 mm., 
0*86957, nS® 1*45293, 39*19; it had a strong, pleasant 

odour. The fraction (a) consisted of methyl ethyl ketone and some 
of the Py-ketone which could be isolated in the form of its semi- 
carbazone. The fraction (e) still contained chlorine and was there 
fore again treated with alkali, whereby a mixture of the two homo- 
mesitones was obtaiued, the ap- predominating. A greater pro- 
portion of the Py-ketone was obtained on more prolonged treatment 
with alkali; thus, after 3 hours’ boiling with sodium ethoxide in 
excess, it became the main product. 

Synthesis of Ketone {III). — Methyl ethyl ketone was condensed 
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■with ethyl a-bromopropionate in the presence of zinc to ethyl 
^’hydTOxy-(x.^-dimethyl-n-valeratey b. p. 89 — ^90®/13 mm., df^' 
0*96457, w-i?'®* 1*4319 (75% yield). The acid obtained by alkaline 
hydrolysis was liquid. It was dehydrated by boiling with acetic 
anhydride and gave a poor yield of c^^-diimthyU/^^-pentenoic acid, 
b. p. 116°/18 mm., 0*97497, 1*45952, [JJJp 36*06 (calc., 

35*60). The acid chloride boiled at 66°/17 mm., and gave a 
p-toluidide forming long needles, m. p. 123° (Fotind : C, 77*3 ; H, 8*7. 

requires C, 77*4; H, 8*8%). The acid chloride was 
treated with zinc methyl iodide (compare Dickins, Hugh, and Kon, 
he. cit), giving a moderate yield of ketone which was converted 
into the semicarbazone and the latter recrystaUised from methyl 
alcohol. The first crop separated in characteristic anthracene-like 
crystals, m. p. 180 — 182°, identical with the semicarbazone prepared 
by the Descude method. Subsequent crops melted much lower 
and were evidently impure. The ketone, y^-dimethyUlsy-hexen-^- 
one (III), regenerated from the first crop of semicarbazone had 
b. p. 65°/20 mm., d^'^' 0*86856, 1*45283, [J2z]d 39*23, and was 

in every way identical with that obtained by Descude*s method. 

Synthesis of Ketone (IF). — ^Ethyl p-hydroxy-aP-dimethyl-?^- 
valerate was readily dehydrated with phosphorus oxychloride in 
benzene, giving a 95% yield of ethyl a^-dirmthyh^.^-pentenoate, 
b. p. 69°/13 mm., 0*92379, 1*43628. The acid, obtained 

by allowing the ester (1 g.-moL) to stand at room temperature 
with 70 g. of sodium hydroxide in 700 c.c. of aqueous alcohol for 
3 days (compare Linstead and May, J., 1927, 2565), had b. p. 116°/20 
mm., d^S^ 0*97002, 1*4498, [Bijo 35*50 (calc., 35*60). The 

acid chloride boiled at 52°/13 mm., and gave a p-toluidide which had 
little tendency to crystallise but formed needles, m. p. 56°, from 
dilute alcohol (Found: C, 77*5; H, 8*7. O14H19ON requires C, 
77*4; H, 8*8%). The acid chloride gave on treatment with zinc 
methyl iodide a 50 — 60% yield of ketone, but an 85% yield was more 
readily obtained by slowly adding magnesium methyl iodide to 
a well-cooled ethereal solution of the acid chloride. The ketone was 
isolated in the form of its sparingly soluble semicarbazone; this 
separated very rapidly, and after one crystallisation melted at about 
175°, rising to 203 — ^204° after repeated crystallisation. The 
regenerated ketone, yB-dimethyU^ii^-hexen-^-one (IV), had a 
characteristic camphoraceous odour, b. p. 48°/12 mm., 164° /750 
mm., djr 0*85386, 1*43768, [JSJd 38*74 (calc., 38*72). It 

was found that another semicarbazone was generally present and 
sometimes constituted the sole product; this had a very similar 
appearance (long, flattened needles) but melted at 163°, and the 
ketone regenerated from it was indistinguishable from the above. 
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b. p. 45°/10 mm., 0-85601, 1-4401, but gave the low- 

melting semicarbazone on treatment with semicarbazide. This 
ketone was frequently obtained ae the main product on treating 
the intermediate fractions of the “ Descude ketone ” with hot 
sodium ethoxide. 

Equilibrium between Ketones (III) and (IV). — ^For the analysis 
of mixtures of the two ketones, the method of Linstead and May 
(loc, cit.) was used. The values obtained in 10 minutes with jJf /300- 
solutions in chloroform were 


Mixture (% a/3} 0 10 25 50 75 90 100 

% Iodine addition 81-S 77-7 69-6 50-6 28-4 14-6 3-4 


from which a reference curve was constructed. 

1. Point of equilibrium. Equilibrium was only slowly established 
at room temperature. Samples of the two pure ketones were 
therefore treated with a slight excess of sodium in methyl alcohol 
(4% solution) and warmed on the steam-bath under reflux for 
6 hours ; the ketones were then isolated as described by Dickins, 
Hugh, and Kon (foe. cii.), analysed iodometrically, and again 
treated with the reagent. 


Initial material : ojS-Ketone. py-Ketone. 

Time (hours) 6 12 18 6 12 

% Iodine addition 58-9 73-5 73-8 74-5 74-3 

% aj?-Ketone 40-0 18-26 17*26 16-5 16-75 


The equilibrium point is therefore 17 ± 0-25%. 

2. Mobility. The first experiments were carried out by adding 
a cold solution of sodium (4 g.) in 75 c.c. of methyl alcohol to 18-3 g. 
of the ketone, making the volume up to 100 c.c. with methyl alcohol, 
and keeping the mixture at room temperature, 20 c.c. of solution 
being withdrawn at intervals for analysis. 


Initial material : aj3-Ketone. 

Time (hours) 24 48 72 96-6 121 236 422 

% Iodine €Midition ... 11-7 16-6 18*4 22*4 27-0 37-9 46-2 

% ojS-Ketone 92-6 87-5 86-5 81-06 76-5 64-75 65-5 


Initial material : jSy-Ketone. 

Time (hours) 96 166 306 

% Iodine addition ... 79-6 78-9 78-1 

% ajS-Ketone 6-76 6-75 9-0 

The values for 235 and 422 hours were obtained by combining 
the five fractions of ketone isolated, taking them as corresponding to 
72 hours, and again treating them with sodium methoxide. Only a 
few experiments were performed with the py-ketone, because this 
was apt to give erratic results. Finally, in order to obtain an 
estimate of mobility comparable with that of the ketones (I) and 
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(II) (see below), the ap-Jietone was treated with iV-sodium meth- 
oxide (1 equiv.) at 25® ; 


Time (hours) 

% Iodine addition 
% aj?-Ketone .... 


24 

48 

72 

14*6 

17*2 

20*9 

89*5 

86-5 

82-5 


The change thus proceeded somewhat more quicldy at 25®, although 
the total concentration of the reactants was lower. 


Action of Alkaline Condensing Agents on Methyl Ethyl Keione. 

1. Calcium Carbide. — ^The condensation was carried out essentially 
as described by Bodroux and Taboury (foe. ,cit.) ; the yield of homo- 
mesitone fraction varied, the best being about 56%. On redistil- 
lation, the bulk of the product boiled at 67 — ^70®/20 mm. and had 

0*85523, nf^" 1*44973, [JJJd 39*57 ; these properties indicate 
a idgh percentage of ap-ketone, but this varies in different prepar- 
ations. The semicarbazone was prepared in the usual way and 
proved to be an extremely intractable material from which only a 
minute proportion of pure substances could be isolated. Washing 
with light petroleum and fractional crystallisation from methyl 
alcohol led to the isolation of a very small amount of a less soluble 
constituent (in addition to the completely insoluble disemicar- 
bazone already obtained by Ekeley and Howe, he. eit.). This 
separated in pearly plates, m. p. 162®, and was the semicarbazone 
of the ketone (I) (see below) (Found : N, 23T. requires 

N, 22*9%). From the more soluble portions, less definite solids 
of varying m. p. were obtained, maMy the eutectic ” melting 
at 123° ; this gave a ketone very similar in properties to the pure 
ap-ketone, viz., b. p. 60— 52®/9 mm., dg®’ 0*85731, 1*46193, 

[jK Jd 39*64. On one occasion a very small amount of needles, m, p. 
156°, was isolated, which depressed the m. p.’s of all the other pure 
semioarbazones, but the amount was insufficient for investigation. 
On another occasion a preparation, m. p. 137°, was isolated which 
appeared to be a definite compound, and the ketone regenerated 
from it had b. p. 62— 53°/12 mm., 0*85777, ng®" 1*45163, 
39*63. On recombination with semicarbazide, a mixture was 
obtained from which a small amount of the compound of m. p. 
162° could be isolated. 

2. Sodium Ethoxide. — ^The following simplified preparation gave 
satisfactory results : Sodium (60 g.) was dissolved in ethyl alcohol 
(900 c.c.) and the excess of alcohol evaporated off under reduced 
pressure at about 80° ; to the mixture, cooled in ice and salt, 600 c.c, 
of methyl ethyl ketone were added and the whole was kept iox 
24 hours with occasional shaking. Water was then added, 

oil taken up in ether, w^ell washed, dried, and distilled, the yieM' 
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of homomesitoiie fraction (b. p. 62 — 10° 119 mm.) being 90 — 100 g. 
Tbe main bulk had ' 0-85656, wg'-*" 1*44502, iodine addition 
34-3%. A specimen of the ketone prepared by the carbide process 
gave, on treatment Trith excess of sodium ethoxide, a product of 
Yery similar properties and iodine addition, which are characteristic 
of the equilibrium mixture of and Py-ketone. 

The semicarbazone of this equilibrium mixture was prepared, but 
it was again found impossible to isolate more than a small amount 
of pure material from it, although the ap-semicarbazone, m.p. 162°, 
was obtained without great difSculty. 

Synthesis of the Ketone (/). — p-Methyl-P-ethylacrylic acid was 
prepared as described by Kon and Linstead (J., 1925, 127, 616) or 
by Fichter, Kieffer, and Bernoulli’s method (Ber., 1909, 42, 4710). 
The acid chloride was then added to zinc ethyl iodide, and the 
moderate yield of ketonic fraction obtained was converted into the 
semicarbazone, which crystallised from methyl alcohol in anthracene- 
like plates, m. p. 162°, identical with the compound isolated from 
homomesitone (Found : 0, 59*2 ; H, 9-3. Calc, for 09Hi70N3 : 0, 
69*0; H, 9'3%). The regenerated ketone, s-w^e^A^Z-A®-fep^e7^-y- 
had b. p. 66°/18 mm., 63~54°/8 mm., cgi** 0-85516, 
1*45073, [jBxId 39*69 (calc., 38*72) ; its odour was strong and not 
very pleasant. 

Isdation of Ketone (II ), — ^Numerous attempts to obtain this 
ketone from p-methyl-A^-pentenoic acid (Kon and Linstead, Zoc. 
cit.) by the action of zinc ethyl iodide on the chloride or of magnesium 
ethyl iodide on the amide were fruitless, although in the latter 
case a small amount of liquid with a ketonic smell was obtained but 
could not be purified. The chloride of the acid* was allowed to 
react with ethyl sodiomethylacetoacetate in ethereal solution, a 
good yield of the new ester, Cnan!der(Me-CB^-00*CMe(CO2Et)-C0M^ 
b. p. 158 — 168°/19 mm,, being obtained; this was hydrolysed by 
boiling with 10% alcoholic sodium hydroxide for I hour, and the 
ketone formed isolated by distillation in steam : b. p. 74 — 76°/27 
mm., 0*85595, 1-4453, [JSxk 39*24. The semicarbazone 

was crystallised from methyl alcohol, and the resulting plates, 
m. p. 162°, were identified as the ap-compoimd, showing that 
equilibration of the ketone had taken place during hydrolysis. 

The ketone was finally isolated by treating the equilibrium 
mixtxixe from tlje sodium ethoxide condensation with sduminium 

* It should be noted that the acid prepared by the action of sulphuric acid 
on the hydrosgr-aeid (toe, cit,) contains some ap-acid. The purest acid is 

obtained by the cold hydrolysis of the ester obtained by dehydrating the 
hydroxy-ester with phosphorus oxychloride or potassium hydrogen sulphate. 
The use of phosphorus pentoxide leads to a mixture of esters. 
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amalgam (Harries and Eschenbach, Ber., 1896, 29, 380), whereby 
the aji-ketone was reduced to a high-boiling bimolecular con- 
densation product ; the unchanged Py-ketone was then isolated by 
careful fractionation. The reduction was carried out twice to 
ensure the complete removal of the ap-ketone, although the iodine 
addition of the product did not change. The new compound, 
z-methyl’/^^-hepien-y-one, thus obtained had b. p. 63°/19 mm., 
0*85244, 1*43668, 38*73 (calc., 38*72); the odour 

of the ketone was more pleasant than that of the ap-ketone and 
quite distinctive. Several different preparations had very similar 
properties and no saturated ketone, CgH^gO, appeared to be pro- 
duced in the reduction. The semicarbazone^ although readily 
formed, was soluble and difficult to purify ; it separated from methyl 
alcohol or ethyl acetate in indefinitely crystalline nodules, m. p. 
134"^ (Found : N, 23*2. C9H17ON3 requires N, 22*9%). 

Equilibrhim between the Ketones (/) and [II ), — ^Mixtures of the 
two ketones were analysed iodometrically with the aid of a reference 
curve, constructed from the following figures : 


^fixture (% ajS-) 0 10 25 50 75 90 100 

% Iodine addition 75*3 71*6 64*2 48*7 29*4 16*3 7*8 


the ap-ketone used being regenerated from the pure semicarbazone ; 
the py-ketone was the specimen described above. 

1. Poiifd of equilibrium. The Py-ketone was treated with hot 
sodium methoxide for 6 hours and gave a product, 0*86898, 
74?}- 1*4442, iodine addition 38*8%; on further treatment the 
value dropped to 35*4 and then remained constant. The ketone 
prepared by the method of Bodroux and Taboury and purified 
by regeneration from the semicarbazone was similarly treated and 
found to have the same iodine addition (35*3%). The composition 
of this mixture is 67*5% ap-ketone. This incidentally proved that 
the Py-ketone used was free from saturated impurities, otherwise a 
lower % addition of iodine would have been observed on complete 
equilibration. 

2. Mobility, An exactly JT-solution of sodium in methyl alcohol 
was added to each of the ketones in molecular proportion; the 
two mixtures were kept in a thermostat at 26®, and portions with- 
drawn at intervals for analysis gave the following result : 


Initial material : ajS-Ketbne, 

Time (hours) 1 2 3 5 7 28 72 

% Iodine addition 21*80 24*49 26*35 29*10 27*47 32-20 ‘35*05 

% ajS-Ketone 84*0 80*75 78*75 77*75 77*25 72*00 67*75 

Initial material : jSy-Ketone. 

Time (hours) , 1 2 4 6 8 28. ; 

% Iodine addition 59*95 53*05 45*10 41*30 39*10 35*80 . 

% ajS-Ketone 32*50 44*00 65*00 60-25 63*00 67-00 ‘ 
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Ketone, from Ethyl Etkoxycrotonate and Magnesium Ethyl 

Iodide. — ^Blaise and Maire’s preparation (Zoc. cit.) was repeated. 
The ketonic fraction (obtained in extremely poor yield) was treated 
with semicarbazidej and the resulting semicarbazone crystallised 
in small plates which did not felt together *, it melted at 158° after 
several crystallisations from methyl alcohol and was not identical 
with any of the semicarbazones isolated in the course of this work. 
The ketone regenerated from it diflfered from the ketone (I) in 
smell, although its properties were otherwise very similar ; b. p. 
49°/8 mm., 0-86004, 1-45233, [Rz]p 39-58; it gave the 

same semicarbazone on recombining with semicarbazide. The high 
molecular refraction and low iodine value indicate an ap-structure, 
but the quantity at our disposal did not allow of more thorough 
investigation. 

The authors’ thanks are due to the Royal Society and to the 
CSbemical Society for grants which have defrayed the cost of 
this investigation. 
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CCCXXXIV - — The Chemistry of Aromadendrene. 

Part 7. 

By Lindsay Heathcote Briggs and Wallace Trank Short. 

During the course of his investigations, the late H. G. Smith 
recorded the presence of a sesquiterpene fraction in the oils obtained 
from about 140 species of the genus Eucalyptus (Baker and Smith, 
A Research on the Eucalypts,” Sydney, 1920, pp. 336 — 348), 
and he expressed the opinion {op. ciL, p. 417 ; Proc. Roy. 8oc. New 
South Wales, 1901, 35, 124) that aromadendrene is the only sesqui- 
terpene present in eucalyptus oils. The largest amounts of aroma- 
dendrene were obtained from the oils of E. nova-angelica and E. 
hcemastoma, but a considerable quantity was also found to be present 
in those of E. Dawsoni, E. eximia, E. trachyophloia, E. affinis, E. 
Maelurcda, E. cebra, E. viminalis, and E. acmemides. It is probable 
that this sesquiterpene occurs in the oils of other genera, and it has 
been suggested tentatively that it is present in those obtained from 
Angophora lanceolata (Smith, op, cit., pp. 17, 418), PinusLambertiana, 
Dougl, (Schorger, U.S. Dept, of Agric. Forest Serv. Bull., 1913, No. 
119), Hypericum perforaium, L. (Zellner, Arch. Pharm., 1925, 263, 
161), Leptospermum flavescens vat. grandifiorum, Bentham (Penfold, 
Proc. Soy. Soc. New South Wales, 1920, 54, 198), L. odoratum, Cheel 
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{idem, ibid,, p. 205), L»fiavescens, Smith {idem, ibid,, 1921, 55, 171), 
L, ericoides (Johnson and Short, Eep, Austr. Assoc. Sci., 1923, 16, 
220), L. scoparium (Short, J. Soc. Ghem. Ind,, 1926, 45, 96t), and 
L. lanigerum. Smith (Penfold, Proc. Boy. Soc. Neiv South Wales, 
1926, 60, 79). 

No solid derivatives of aromadendrene have hitherto been 
obtained, and for its identification it has been necessary to rely upon 
the physical constants and upon certain colour reactions, such as 
that produced by bromine in acetic acid solution. The same colour 
reactions are, however, exhibited by several dicyclic sesquiterpenes 
{e.g., gaujene and eudesmene), so they are of very little diagnostic 
value.* 

The purest specimen of aromadendrene isolated by Smith {op. cit., 
pp. 46, 416) was obtained from the oil of E. uova-angelica and had 
the following physical constants : b. p. 124 — 126®/10 mm., [aju 
+4-7®, Tig* 1*4964, 0*9222, 64*89 (calc, for a dicyclic 

sesquiterpene, 66*14 ; for a tricyclic sesquiterpene, 64*40). Semmler 
('* Atherischen Ole,” 1906, 11, 530) suggested that aromadendrene 
is not an individual substance but possibly consists of a mixture of 
di- and tri-cyclic sesquiterpenes. In view of Semmler’s criticism, 
and owing to the fact that no derivatives of aromadendrene had been 
obtained, it was impossible to ^tabhsh definitely its identity with 
the sesquiterpene obtained by one of us {loc. cit.) from Leptospermum 
oils until further knowledge of the chemistry of aromadendrene had 
been acquired ; such an invest^ation has now been made possible 
by the kindness of Mr. A. E. Penfold, Curator of the Technological 
Museum, Sydney, who supplied us with 1 lb. of an authentic sample 
of the oil of E. Tiova-aTigelica. 

The sesquiterpene fraction of this oil was repeatedly fractionated 
in a vacuum over sodium— potassium alloy, a Widmer column being 
employed. The fractionation was controlled by determination of 
the refractive indices and optical rotations of the fractions, rather 
than by observation of the boiling ranges. After about twenty 
distillations, the sesquiterpene fraction was collected in two main 
fractions (representing about 20% of the original oil) and then 
physical constants (see p. 2627) pointed to the conclusion that the 
bulk of the sesquiterpene fraction consisted of a single tricyclic 
sesquiterpene exhibiting an exaltation of approximately one unit 
in its molecular refractive power. This conclusion has been verified 
by the preparation of a dihydroaromadendreue by exhaustive 
hydrogenation of the sesquiterpene by the methods of Skita and PaaL 
Both methods yielded the same result, so that isomerisation during, 

* Since the sesquitexpene alcohol eudesmol occurs in many euealTmi^" 
oils, it may be anticipated that some of them will also contain endet^iH^^ 
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the hydrogenation is improbable. Since the dihydroaromadendren 
also showed an exaltation of one unit in molecular refractive power 
it is evident that the exaltation exhibited by the sesquiterpene i 
due to some structural peculiarity and not to its contamination witl 
dicycUc sesquiterpenes. In this respect aromadendrene resembles 
the tricyclic sesquiterpenes a-gurjunene (Semmler and Spomitz 
jBer., 1914, 47, 1151) and copaene (Semmler and Stenzel, ibid,, 
p. 2555). It is probable, therefore, that aromadendrene contains 
either a cyctopropane ring conjugated with a double bond (as in 
sabinene) together with a cycZobutane ring, or, less probably, two 
cyrfopropane rings. 

Attempts to obtain solid addition products (nitrosite, nitrosate, 
nitrosochloride) from aromadendrene have not been successful. 
The hydrochloride, having approximately the composition 
is a liquid which cannot be distilled in a vacuum without considerable 
decomposition. 

Dehydrogenation of aromadendrene with sulphur yielded a deep 
blue oil (b. p. 122 — 165°/12 mm.) from which no naphthalene 
hydrocarbon could be obtained, although a small quantity of a black 
picrate (azulene picrate?) was isolated from it. Aromadendrene 
therefore resembles the other tricyclic sesquiterpenes, with the 
exception of copaene (Henderson, M’Nab, and Eobertson, J., 1926, 
3077 ), in its inability to yield a naphthalene hydrocarbon on dehydro- 
genation with sulphur (Euzicka, Stoll, Liebl, and Pontalti, Helv. 
Chim, Acta, 1923, 6 , 846). 

Ozonisation of aromadendrene in acetic acid solution produced 
a compound, C 24 H 22 O (m. p. 80 — 81®), approximately the same 
yield (60%) being obtained from each of the fractions above. This 
substance formed an oxime and a semicarbazmie, and was at first 
considered to be an aldehyde, since, even when recrystaUised to 
constant m. p., it reduced ToUens’s reagent. The reduction, how- 
ever, must have been due to contamination with traces of an impurity 
(probably formaldehyde), since the compound was devoid of reduc- 
ing properties after it had been regenerated from its oxime. More- 
over, the oxime did not yield a nitrile when it was digested with 
acetic anhydride. It therefore appears that the compound 
C 14 H 22 O is a ketone, and we propose to caU it aromadendrone. 

Aromadendrone did not yield an enol-acetate when boiled with 
acetic anhydride and sodium acetate. This indicates that the 
carbonyl group is either situated in the side-chain or attached to two 
quaternary carbon atoms in the nucleus. 

The results so far obtained indicate that aromadendrene is a 
tricyclic sesquiterpene, which probably contains a cyclohexane 
nucleus with two bridges and is therefore allied in structure to 
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a-santalene (Semmler, 1910, 43, 446, 1898) and to longifolene 
(Simonsen, J., 1923, 123, 2642). The results of ozonisation clearly 
show the presence of the group C*C(ICH 2 )'C. 

Experimental. 

The fractions referred to on p. 2526 had the following properties : 

(1) b. p. 121710 mm., [ol]Z - 6-17 df 0-9116, nf 1-4978, [JJJd 

65-58; (2)b. p. 121—121-4710 mm., [ai;±07 djr 0-9157, 

<1-4993, 65-44 [Found, for (1): C, 88-3; H, 11-8; for 

( 2 ) : 0,88-2; H, 11-9. C 15 H 24 requires 0, 88-2; H, 11-8%. [Bz]d 
for a Acyclic sesquiterpene, 66-14; for a tricyclic sesquiterpene, 
64-40]. 

In addition to these two fractions a small first-running « 1-4974, 
W 577 ““ 13-6®) and a small fraction (b. p. 124°/10-3 mm., < 1-4989, 
[“llw + 0*59®) were also obtained. 

Hydrogenation. — (1) 12 6 . of aromadendrene (fraction 2, freshly 
distilled over sodium), dissolved in pure methyl alcohol (200 c.c.), 
were hydrogenated in presence of 0-05% of colloidal palladium 
(Paal and Gerum, JBer., 1908, 41, 809) in the apparatus described 
by Skita and Meyer (JBer., 1912, 45, 3594), hydrogen from a cylinder 
being passed at slightly above atmospheric pressure for 20 hours. 
The product was poured into water, extracted with ether, dried, and 
distilled over sodium. The hydrogenation was then repeated with 
a further quantity of colloidal palladium (0-05%) and was found to 
be complete. The product, extracted in the usual way, was distilled 
over sodium, and practically the whole passed over at 121 — 122®/10 
mm. (Found: 0, 87-2; H, 12-7. OigHge requires C, 87-4; H, 
12-6%). Dihydroaromadendrene is a colourless oil having djr 
0*9014, < 1-4871, [SzId 65*83 (calc, for a tricyoKc dihydrosesqui- 
terpene, 64-87). 

( 2 ) Aromadendrene (fraction 2) was also exhaustively hydrogen- 
ated by Skita’s inoculation method (foe. ciL). Addition of the 
inoculatmg solution to the aromadendrene-platioic chloride mixture 
and subsequent passage of hydrogen tended to yield a granular 
rather than a colloidal precipitate, and the hydrocarbon was therefore 
added after the colloidal condition had been induced. The aroma- 
dendrene (10-7 g.) was reduced in presence of colloidal platinum 
(0-96 g.), water (84 g,), and purified acetic acid (200 c.c.) at an excess 
pressure of 0-26 atm. Absorption of hydrogen ceased after about 
6 hours and no further absorption occurred on the addition of more 
colloidal platinum. The purified product (Found: 0, 87-4; H, 
12-6%) had b. p. 115— 116®/8— 9 mm., < 1-4847, df 0-8972, 
65*71. 

Dehydrogenation . — ^Aromadendrene (8 g.; fraction 1 ) and sulpIkKr 
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(4 g.) were heated together for 4 hours, during which the temperature 
was slowly raised from 210° to 290° and the evolution of hydrogen 
sulphide was completed. The reaction mixture was then distilled 
and purified by redistillation from potassium in a vacuum. The 
distillate (b. p. 122 — 165°/12 mm.) was a deep indigo-blue oil, from 
which no naphthalene hydrocarbon could be isolated (as picrate), 
but which yielded a trace of a black substance (m. p. 114 — 116°), 
possibly identical with eucazulene picrate (Euzicka and Rudolph, 
Helv. GJiim. Acta, 1926, 9, 118). 

Aramadendrone, — A solution of aromadendrene (13 g.) in glacial 
acetic acid (60 c.c.) was cooled in ice-water and treated with a stream 
of ozonised oxygen (approx. 14% O3) until a test portion no longer 
decolorised a cQlute solution of bromine in acetic acid (2-6 hours). 
The straw-coloured liquid was concentrated under diminished 
pressure at 50 — 60° to half its volume, cautiously heated until 
incipient decomposition was observed, and the flask was then cooled 
in water to moderate the strongly exothermic reaction which took 
place. In the first experiments the ketone was recovered by steam- 
distillation, but it was subsequently found better to pour the cold 
residue into about six times its volume of ice-water, for the crystalline 
ketone then separated at once and could be filtered off. The 
filtrate, on neutralisation, deposited a small quantity (0*66 g.) of 
an amorphous, white solid which was not further examined. 
Crystallisation of the crude ketone (11-7 g.) from dilute acetone 
yielded 5 g. of pure substance, and another 3 g. were obtained by 
recrystallisation of the fraction of the mother-liquor boiling between 
142-5° and 150°/10 mm. (total yield, 61%). 

Aromadendrom crystallises in feathery, white needles (m. p. 
80 — 81°) having a characteristio odour, and is very soluble in methyl 
and ethyl alcohols, chloroform, and acetone. It may be reoiystal- 
lised from 60% alcohol or from acetone by dilution with water 
(Pound: 0, 81-4; H, 10-7; M, cryoscopie m benzene, 208-3, 
207-6. C14H22O requires C, 81-6; H, 10-7% ; Jf, 206). 

The oxirm was obtained in almost theoretical yield by the inter- 
action of aromadendrone with twice the theoretical quantities of 
hydroxylamine hydrochloride and sodium bicarbonate in 96% 
alcohol (44 hours at 66°). It crystallises in needles (m. p. 103°) from 
methyl rfcohol (Pound : N, 6-5, 6-4. CJ4H28ON requires N, 6-3%). 

The semkafiazone, m. p. 189-6 — 190-6° (decomp.), prepared 
in the usual way, is a microcrystalline powder (from hot methyl 
alcohol) which is difficult to purify (Pound : N, 16-7. C15H25ON3 
requires N, 16-0%). 

Dehydration of the Oxime. — ^The oxime was boiled (1*25 hours) with 
twice its weight of purified acetic anhydride. The dark-coloured 
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product wa& worked up in the usual way, but yielded fractions of 
high boiliug-point instead of a nitrile. 

AroYrndendrom md Acetic Anhydride . — ^The ketone (5 g.), purified 
acetic anhydride (10 g.), and fused sodium acetate (0'6 g.) were 
boiled together for f hour. The product was cooled, shaken with 
water, and the crystals which separated were taken up in ether, 
washed with dilute sodium carbonate, dried, and distilled. Almost 
the whole passed over at 141 — 144®/10 mm., and the pure ketone 
(4 g.) was recovered from this fraction. 

One of us (W. F. S.) wishes gratefully to acknowledge the receipt 
of a grant from the ITew Zealand Institute which enabled him to 
purchase the ozoniser and hydrogenation and micro-analytical 
apparatus. Our thanks are due to the Cheroical Society for the 
loan of a vacuum pump, and to the authorities administering the 
Duffus Lubecki Fund for a scholarship which enabled one of us 
(L. H. B.) to participate in this investigation. 

XJshtvbbsitt Couleqe, 

Aucklaot, New Ze^and. [Received^ July 23rc?, 1928.] 


CCCXXXV ,— Part II. 3-CAZoro- 
o-4:-oi:ylenol^ the Dichloro-o-4:-xylenols and 4 : 5-Di- 
chloro-o-3-xylenol. 

By Leonaed Eeic Hinkel, Eenest Edwaed Ayling, and Lilian 
COLLIEB BbVAN. 

In previous commmiications (J., 1923, 123, 2968 ; 1924, 125, 1847) 
six chloro-o-sylenols have been described; the syntheses of fife 
of the eight remaining chloro-o-xylenols have now been completed. 

The synthesis of 3-chloro-o-4-xylenol was achieved through 
o-4-xylenol, which was coupled with benzenediazonium chloride 
(Diepolder, jBer., 1909, 42, 2918; 1911, 44, 2498), the 3-benzeneazo- 
o-4-xylenol (I) being separated from the accompanying 5-benzene- 
azo-o-4-xylenol, and reduced to Z-amino-oA-xylenol (II), which was 
converted into Z-chloro-oA-xylenol (III) in the normal manner. 


3Me Me Me 



3 : ^-Dic%loro~oA-xylenol was synthesised through 5-chIoro7C-4- 
xylenol (Hinkel, Collins, and Ayling, J., 1923, 123, 2973). 
latter did not couple with benzenediazoiiium chloride, and was 
4o 
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therefore nitrated, and the resulting S-chhro-S’-nitro-oA-xylenol (IV) 
reduced to 5-chhro-3-amim-oA~xyle7tol (V). Replacement of the 
amino-group by chlorine did not yield a homogeneous product, 
although the similar action with 3-aniino-o-4-xylenol (II) proceeded 
normally. The mixture of chloro-xylenols obtained from (V) 
probably resulted from either a partial elimination of the amino- 
group or its partial replacement by a second hydroxyl group instead 
of by chlorine. From the mixture a pure dichloro-o-4-xylenol was 
isolated, which was identical with 3 : 5-dichloxo-o-4-xylenol (VI) 
subsequently prepared from 3 : 5-dichloro-o-4-xylidine (VII) (this 
voL, p. 1 878), thus confirming the position of the nitro-group in (IV) . 


Me Me Me Me 



OH OH OH NHg 

(IV.) (V.) (VI.) (vn.) 


In an attempted synthesis of 5 : 6-dichloro-o-4-xylenol, 6-chloro-o- 
4-xylenol (VIII) (Hinkel, J., 1924, 125, 1862) was coupled with 
benzenediazonium chloride, and the resultiug azo-compound 
reduced to the corresponding amine, "but attempted replacement of 
the amino-group by chlorine resulted in its unexpected elimmation 
with regeneration of the starting material. Since, in the latter, 
both ortho-positions to the hydroxyl group are free, the coupling 
of the diazonium chloride can yield either of the azo-compounds (IX) 
and (XI), the product on reduction being either of the amines (X) 
and (XII). 


Me Me Me 



In (X) the amino-group is situated similarly to those in (II) and 
(V), in which the amino-group can be replaced by chlorine. This 
serves in a measure to establish the constitutions of the azo-com- 
pound and the amine as B-benzeneazo- (XI) and 5-amiru)--6-chloro-0’4:- 
xyhnol (XII) respectively, and the fact that 6-chloro-o-4-xylenol 
does not couple with benzenediazonium chloride (compare p. 2629), 



HTNKEI/, AYLING, AND BEVAN : CHLOBO-O-XYLENOLS. 2531 


whilst o-4-xylenol couples mainly in position 5 (compare Diepolder, 
loc, ciL), supports this view. 

5 : 6-Dichloro-o-4-xylenol was finally prepared from 6 : 6-dichloro- 
o-4-xylidine (this voL, p. 1877) and is identical with the compound 
described by Hinhel (J., 1924, 125, 1851). 

4 : B-DicMoro-o-i-xyknol and 3 : &-dichlorO’’0-4:-xylenol were pre- 
pared similarly from the respective dichloro-xylidines (this voL, 
p. 1876), although in no case does the replacement of the amino- 
group proceed smoothly. 

Experimental. 

Z’Amim~o-‘4:-xyUnoL — 3-Benzeneazo-o-4-xylenol, prepared accord- 
ing to Diepolder {loc. cit), was finally purified by several crystallis- 
ations from light petroleum (b. p. 60 — 80°) and obtained as dark 
red crystals, m. p. 70°. The azo-compound was reduced in alcohohc 
solution with sodium hydrosulphite, and on removal of the alcohol 
under reduced pressure, a white solid separated which crystallised 
from benzene in small crystals, m. p. 126° (Pound : IT, 10-2, 
requires N, 10-2%). 

Z-Chloro-oA-xylenol. — 3-Amino-o-4-xylenol was diazotised and 
treated with cuprous chloride in the usual way. Distillation with 
steam yielded an oil, which was extracted with ether, and the 
extract washed with sodium hydroxide solution. The xylenol, 
recovered from the alkaline solution by acidification and extraction 
with ether, crystallised from light petroleum (b. p. 40 — 60°) in 
transparent crystals, m. p. 27° (Pound : Cl, 22-4. CgHgOd requires 
d, 22-7%) . The benzoyl derivative, prepared in the usual manner, 
crystallised from dilute alcohol in prisms, m. p. 87° (Pound : Cl, 13-4. 
CisHigOgd requires Cl, 13-6%). 

h-Ohloro-Z-nitro-oA-xylenol. — ^To 1 g. of 6-chloro-o-4-xylenol 
(Hinkel, Collins, and Ayhng, he. cit.) in 10 c.c. of glacial acetic acid, 
0-5 c.c. of nitric acid in 10 c.c. of glacial acetic acid was slowly added. 
After standing for 20 minutes, the mixture was poured on ice, 
and the precipitated solid distilled in steam. The solid distillate 
crystallised from benzene in yellow plates, m. p. 127*5° (Found : 
d, 17*6. CgH^OaNd requires d, 17*6%). 

5-CKhro-Z-amino-oA-xyUnol. — 5-Chloro-3-nitro-o-4-xylenol was 
reduced in alcoholic solution with sodium hydrosulphite. On 
removal of the alcohol under reduced pressure, a white solid was 
precipitated which crystallised from alcohol in very fine needles, 
m. p. 175°, with considerable darkening just below the m. p. (Found : 
d, 20*3. CgHjQONd requires 20*7%). 

3 : 5-Dichloro-o-4:-xylenol. — (1) 5-CMoro-3-ammo-o-4-xylenol (2 
in 240 c.c. of hydrochloric acid) was diazotised at 0°, poured 
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cuprous chloride solution, distilled ^rith steam, and the distillate 
extracted mth ether. The extract was washed with sodium 
hydroxide solution, and the alkaline solution yielded a mixture of 
xylenols which, on fractional crystallisation from light petroleum 
(b. p. 60 — 80°), yielded mainly 3 ; 5-dichloro-oA-xylenol as feathery 
crystals, m. p, 52°, the constitution being confirmed by the synthesis 
described below (Found : Cl, 36-8. CgHgOClg req^uires Cl, 37^2%). 
The benzoyl derivative crystallised from light petroleum (b. p. 
40 — 60°) as white crystals, m. p. 89° (Found : d, 23*6. C 15 H 3 L 2 O 2 CI 2 
requires Cl, 24*1%). 

(2) 3 : 5-Dichloro-o-4-xylidine (this vol., p. 1878), dissolved in 
concentrated sulphuric acid, was diazotised at 0 °, , poured into 
dilute sulphuric acid, and steam-distilled. The distillate, which 
consisted mainly of 3 : 5 -dichloro-o-xylene (4 : 6 -dinitro-derivative, 
m. p. 175° ; compare Crossley and Eenouf, J., 1904, 85, 284) together 
with a small quantity of the xylenol, was extracted with ether, and 
the extract washed with sodium hydroxide solution. The xylenol, 
obtained from the alkaline solution in the usual manner and purified 
from light petroleum (b. p. 60 — 80°), was identical with the 3 : 5-di- 
chloro-o-4-xylenol described above. 

6-C}iloro-5-benzemazo-o-4:~xylenoh — ^The reqtiisite amount of 
benzenediazonium chloride solution was coupled with 2*6 g, of 
6-chIoro-o-4-xylenol (Hinkel, he. cit.) in slightly alkaline solution. 
The precipitate crystallised from alcohol in red needles, m. p. 143° 
(Found : Cl, 13-6. requires Cl, 134%). 

6-Chloro-5-amrnO’0-4t^xyIe7ioL — ^The foregoing azo-compound w^as 
reduced in aqueous-alcoholic solution with sodium hydi’osulphite ; 
removal of the alcohol under reduced pressure precipitated a white 
solid, which crystallised from dilute alcohol in fluffy needles, 
m. p. 144*5° (Found : Cl, 20*1. CqHiqONCI requires Cl, 20*7%). 
Diazotisation of the amine and treatment with cuprous chloride in 
the usual maimer, followed by distillation with steam, yielded a 
white solid, which was extracted with ether, and then crystallised 
from light petroleum (b. p. 60 — 80°) in fine needles, m. p. 98°, 
unchanged by admixture with 6-chloro-o-4-xylenoI, m. p. 98°. 

5 : ^•Dickloro^oA-xyhml . — 5 : 6-Dichloro-o-4-xylidine (this vol., 
p. 1877), 0*5 g. at a time, was dissolved in 5 c.c. of sulphuric acid ; the 
sulphate was precipitated in a finely divided state by the addition 
of 10 c.c. of water, diazotised at 0 °, and gently warmed to 40° until 
a clear solution was obtained. The diazotised solution was treated 
according to the method of Heinichen {Annalen, 1889, 253, 281 ; 
compare Cain and Norman, J., 1906, 89, 19) by the addition of 
20 c.c. of concentrated sulphuric acid, hut modified by heating the 
acid solution for 1 hour on a steam-bath. Other methods of treat- 
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ment (compare Cain and Norman) result in the formation of much 
red solid, which is reduced to a ininimum by the above procedure. 
The acid solution was distilled with steam, the solid distillate treated 
^ith dilute sodium hydroxide solution, the solution filtered, and the 
xylenol recovered in the usual manner ; it crystallised from well- 
cooled light petroleum (b. p. 60 — 80®) in tiny rosettes, m. p. 102-5® 
(Found: 01,36-6. Calc, for CgHgOClg : G, 37-2%). The benzoyl 
derivative crystallised from dilute alcohol in stellate groups, m. p. 
97-5® (Found : Cl, 23-8. Calc, for : Cl, 24-1%). These 

m. p.^s were unchanged by admixture with the corresponding 
compounds described by Hinkel (J., 1924, 125, 1851). 

3 : Q-Dichhjro-oA-xylenol , — 3 : 6-Dichloro-o-4-xylidine (this voL, 
p. 1878) was dissolved by heating in 30% sulphuric acid. The finely 
divided sulphate obtained on cooling was diazotised at 40°, poured 
into boiling 40% sulphuric acid, and distilled with steam. The 
solid distillate was treated with dilute sodium hydroxide solution, 
the solution filtered, acidified, and extracted with light petroleum 
(b. p. 40 — 60°). The xylenol crystallised in long, flat needles, m. p. 
84° (Found : Cl, 36-8. CgHgOClg requires Cl, 37-2%). The benzoyl 
derivative crystallised from methyl alcohol in transparent, flat 
needles, m. p. 124® (Found: Cl, 23-8. C 15 H 12 O 2 CI 2 requires Cl, 
24-1%). 

4 : 5-‘DicMorO‘0’-Z-xylenol. — 4 : 6-Dichloro-o-3-xylidine (this vol., 
p. 1876) was treated exactly as in the preceding case, and the 
xylenol, recovered, in the usual maimer, crystallised from light 
petroleum (b. p. 60 — 80°) in stellate masses, m. p. 90° (Found : 
G, 36-6. C 8 HgOCl 2 requires Cl, 37*2%). The benzoyl derivative 
crystallised from dilute alcohol in prisms, m. p. 133® (Found : 
Cl, 24-3. CigHigOaClg requires Cl, 24*1%). 

Uniwesrsity Colusge, Swansea. [ Received ^ July 1928 .] 


CCCXXXVI . — Tint Conditions determining the Thermo- 
dynamic Stability of Cyanohydrins of Carbonyl 
Compounds. Part I. Some Effects of (a) S^ib- 
stitution in Aromatic Aldehydes and (b) Ring 
Formation. 

By Abthub Lahworth and Eichard Hblmuth Fred Mahske. 

Since the condition of equilibrium attained by a system under- 
going a reversible thermal chemical change is subservient to the 
laws of thermodynamics and independent of considerations such as 
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the relative velocities of the reactions by which the final state is 
attained, it follows that any factor connected with the constitution 
of one or more of the molecular species concerned, which is found 
to produce a definite alteration in the condition of equilibrium, is 
one which affects the static ” or average condition of the indi- 
vidual molecules. The adjective “ static ” is here used with full 
recognition of the principle that there is always a great variety of 
deviations from the average. 

In recent discussions of the theory of mechanism of reaction of 
carbon compounds, there has been evident a tendency to regard 
some of the factors which control chemical change as operating 
primarily on reaction velocity and others on the» conditions of 
equilibrium. Among the factors which have been most frequently 
considered are those to which Murscheim originally applied the 
distinguishing terms quantitative ’’ and electropolar ” (compare 
J., 1909, 95 , 725). These two terms are retained throughout the 
present paper, being regarded as defined, not by any special hypo- 
thesis, but rather by the practical criteria originally laid down by 
Murscheim. 

The work of Victor Meyer and his pupils revealed the depressant 
effect of ortho-substituents on the rates of hydrolysis of benzoic 
esters. Flurscheim showed that all substituents when present in 
the ortho-position also have the effect of raising the ionisation 
constant of benzoic acids, no matter what the signs of the quan- 
titative and electropolar factors. He attempted to accoxmt for this 
kind of effect by the introduction of a theory which had a kinetic 
basis (foe. ciL), BKs explanation stiH has a wide popularity, but 
is not accepted by the present authors, for it virtually postulates a 
mechanism by the automatic operation of which the second law of 
thermodynamics is rendered inoperative ; the case is, in fact, one 
in which the principle restated in the foregoing paragraphs can be 
usefully applied. Since the ionisation constant of an acid at any 
given temperature and pressure and in any given solvent is simply 
a function of the increase in the free energy which is associated 
with the complete ionisation (including any simultaneous change 
of solvation) of 1 g,-mol. of the un-ionised acid as it exists in the 
solution, it is evident that the so-called steric factor does not, 
in this instance at least, operate primarily by modifying the speed 
at which a given change in entropy occurs, but actually alters the 
chemical potentials or entropies of the individual ions or molecules 
(or both) concerned. 

Murscheim also discovered and demonstrated in convincing 
manner that, not only the so-called steric ” factor, but also the 
quantitative and electropolar factors make themselves felt in the 
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magnitudes of ionisation constants. It follows of necessity that all 
three factors affect the entropies of the separate molecules or ions 
or both. The data now given (see Experimental) seem to show 
beyond doubt that neutral molecules are influenced by all three 
factors, and it would be unreasonable to assume that the same is 
not also true of ions. 

It should now be clear that, if the alternate effects associated 
with the factor which Murscheim termed “ quantitative be 
admitted to have a polar origin, then it would not be logical to 
maintain that polar considerations primarily affect reaction velocity 
(compare E. H. Ingold, J., 1925, 127, 470). 

Evidence obtained during the course of measurements of cyano- 
hydrin equilibria (on which subject the experimental section of 
the present paper forms the first communication) indicates the 
operation of other factors which are not conspicuous in the study 
of ionisation of carboxylic acids or of aromatic substitution. Whilst 
the substituents NMe^, OH, OCH3, Q, and CH3 produce on the 
stability of benzaldehydecyanohydrin effects which are not incon- 
sistent with prevailing views on the modes of operation of their 
quantitative and electropolar factors, the nitro-group appears out 
of place (p. 2546). There is already evidence that the nitro-group 
is not singular among meta-directive substituents in simulating the 
properties of ortho-para-directive substituents when the practical 
issue is the reduction in the additive power of a carbonyl group. 
Thus Mr. Glyn Owen, in these laboratories, has found that the 
cyanohydrin of benzoyMormic ester has a somewhat higher dis- 
sociation constant than benzaldehyde, and as it is well known that 
the carbonyl group of ethyl benzoate has but very feeble additive 
properties, it clear that in respect to eflSciency in producing such 
results COgEt also comes between H and OEt, 

. The tendency of two or more double bonds (this term being 
applied to systems present in ethylenes, in ’ITOa, ‘CO-Alk, and 
•CO^Alk) to arrange themselves alternately with single bonds 
indicates that such an arrangement is ordinarily associated with 
an element of stability (z.e., of large entropy) which must therefore 
operate unfavourably on any chemical change in which that arrange- 
ment is destroyed. There is no reason to believe that this factor 
is necessarily associated with polarisation. It wiU hereafter be 
referred to as the “ Thiele factor,” in view of the circumstance 
that the term conjugation ” is now commonly applied in a much 
wider sense. This factor would operate so as to stabilise, though 
to a quite unknown extent, the carbonyl form in a ketonb'l^ 
aldehyde of the types OIGR^-CRKO, and pM 

ably also NOa'CRIO. This may conceivably account shine 
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apparent abnormaKties in cyanohydrin formation, but there is yet 
another possibility which must not be overlooked. 

The symbol etc., was first used by one of us in an 

attempt to account for the alternate effects (associated with the 
quantitative factor) to which such substituents as KlVIeg, OEt, 
CHg, etc., in position give rise when they are attached directly 
to carbon in position Aj in certain atomic assemblages. The symbol 
implied (1) an increase in the covalence between Aq and A^, and 
(2) a movement of Faraday tubes equivalent to a drift or displace- 
ment of electrons, relatively to nuclei, in the direction indicated 
by the arrow. 

The view may now be expressed that what is here essential is 
(1) the direction of electron displacement, and (2) the resulting 
change in the properties of A^ and the atoms to the right of A^. 
If it be assumed, for simplicity in the first instance, that the molecule 
terminates at A^, the operation suggested in the figure would 
clearly 'imply that the nucleus of A^l is engaged with an increased 
share of electrons, and consequently the restraint which it can 
exercise over its proper valency electrons must diminish, much as if 
some of its central charge has been removed. The “ fugacity ” of 
the valency electrons of A^ has increased. 

It is not apparent that there is any mode of ascertaining how far 
an observed change in the restraint on the valency electrons of 
an atom caused by replacement of H by A^ (when Aq is, for example, 
CH3) can be ascribed to change in the value of the covalency, how 
far to simple electron displacement relative to nuclei (electron 
drift), or how far to an external electrostatic field, such as one 
arising out of the formation of the arrangement Aq — ^A^, etc., from 
H — Aj, etc. It is rather the sum total of these which we may hope 
to detect, and possibly to estimate roughly, by observing either 
the change in the properties of A^ or the consequent effects of this 
change on the rest of the molecule. The latter method was in 
principle the practical basis of the criteria used by Fliirscheim. 

Henceforward, therefore, the modified form A— A^, etc., will 

2 —-^ 

be used to denote an arrangement in which the replacement of H 
in H— Ajl, etc., by A^, produces, by all effects from the left combined 
(as indicated by S), an increase in the fugacity of the valency 
electrons of A^, and this will be termed the “ primary ” interior 
effect of the substitution process. It is held that the classification 
of substituents based on Flurscheim's criterion for the quantitative 
factors gave tihe most satisfactory means hitherto discovered of 
ascertaining primary interior effects, Le., of ascertaining whether, 
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and roughly to what relative extent, a given substituent normally 
increases or decreases the fugacity of the valency electrons of a 
tervalent carbon atom at which substitution occurs. Those sub- 
stituents, like NMe 2 , OEt, Cl, and alkyl, which produce the same 
type of quantitative effect as a negative charge would do, are 
supposed “to be those which by such substitution raise, on the 
whole, the fugacity of the electrons of A^, when Aj is a tervalent *** 
or bivalent carbon atom. Substituents such as ITOaj CO*R, and 
NMe 3 + in place of Aq are imagined to be those which in their totalised 
effect on A^ (where A;^ ^ tervalent or bivalent carbon) reduce the 
fugacity of its valency electrons. 

It should be noted that the hypothesis above defined has definite 
reference to effects on tervalent and bivalent carbon only. Evidence 
as to how such groups as NMeg, OH, or OAlk affect the restraint on 
valency electrons of an attached saturated (quadrivalent) carbon 
atom is not conclusive, but the change is certainly small. It 
is the differeme between the effects, on quadrivalent and tervalent 
or between tervalent and bivalent carbon to which attention must 
be paid in considering the stability of covalence attachments. 

In connexion with the stability of the cyanohydrins of aldehydes 
and ketones, Robinson and Ray have explained how a substituent 
which increases the fugacity of the electrons of the carbon atom of 
a carbonyl group virtually endows that atom with an increased 
negativity, which must tend to decrease its attraction for negative 
ions such as CKT” (J., 1925, 127, 1610). The present authors 
concur in this idea in so far as the electrostatic attraction is con- 
cerned, but suggest that something even more far-reaching may be 
postulated. 

It has been suggested above that introduction of a substituent, 
such as NMeg, OH, OGH3, Cl, or CHg in place of H produces a 
totalised effect on unsaturated carbon which is equivalent to a decrease 
in the restraint exercised by the central positive charge on the octet. 
With such an alteration, the atom will tend to display properties 
approaching those of boron. It follows that those structures m 
which the atom displays tervalency will become more stable reto- 
tively to those in which it displays guadrivalency. Consistently with 
this, the capacity of carbonyl to form stable, neutral, addition 

* "Tervalent” is applied in the present paper to an atom which is 
exercising the co-ordination number 3, in the sense originally intended by 
Werner. Thus, carbon in ethylene, carbonyl, and carboxyl is described as 
" tervalent,” and c^bon in carbon dioxide as " bivalent.” This application 
of such terms is in no way novel (compare Smith’s " Inorgamc Chemistry,” by. 
J. Kendall, €r. Bell and Sons, Ltd., 1927, pp. 15S — 161), and has now been 
adopted in view of recent tendencies to restrict the use of the term- " co- 
ordination.” 

4o2 
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products with H*CN, H*OH, and H-NHa decreases wherever the 
present theory, by utilising Elurscheim’s criteria, predicts a large 
increase in the fugacity of the electrons of the carbonyl carbon 
atom, providing that the constitution of the substituent is not such 
as to form with the rest of the molecule a system with alternate 
single and double linkages and, therefore, is not such as to provide 
the carbonyl compound with an added non-polar element of stability 
(“ Thiele factor/’ p. 2535). With, singly bonded substituents, X in 
X*CO*It, it may with confidence be stated that the stability of the 
carbonyl addition products with neutral agents of the type above 
specified will be found to increase in the order : X = NMeg, OAIk, 
Aik, (H). The truth of this is obvious enough in its application to 
the large contrast between OMe and CH 3 (in esters and ketones) 
and even to the comparatively small contrast between CHg and H, 
as consideration of the gradation in properties of CHg'CO'CHg, 
H-CO-CHg, and H-CO-H wiU show. 

If the analogy of changing central restraint suggested above may 
legitimately be pursued further, it may be inferred that replace- 
ment of H in H*C^R!X by a substituent of the meta-directive type, 
such as XOg or CO*R, would have an effect on the carbon atom 
equivalent to an increase in the central charge on the latter. The 
atom might be said to show more “ positiveness,” in consequence 
of this ; but it does not necessarily follow from this that the atom 
would more readily form a more stable covalency link by combin- 
ation with a CN"* or OH*" ion. On passing from boron through 
carbon and nitrogen to oxygen, with increasing nuclear charge the 
capacity of the atom to exercise the co-ordination number 4 rises 
to a maximum and then decreases. Similarly, as Aq in Aq-C^RIX 
is replaced successively by NMcg, OMe, CHg, H, CO'R, and NOg, 
the compound becomes more cationoid, but the relative stability 
of the addition product in which C? is quadrivalent may attain a 
maximum (not nec^sarily at hydrogen), and then decline. In this 
coxmexion it is very significant that on passing from, say, . 

(EtO)^^=C2-H and {C:C)~C^=C2-H to (C 02 Et)^^=:C 2 -H 
2— — ^ 2 ^ / 

there is a development of electron-accepting (cationoid) properties 
in the system C^C^; but nevertheless it is still and not 
which retains the greater tendency to combine with the “ active ” 
(or carbon-covalence-seeking) part of the agent [ON in HCN; 
CH(C 02 Et)g in ethyl sodiomalonate ; ArNg in diazo-compounds ; 
NOginHO-NOJ. 

It is desirable that it should be realised from the outset that the 
primary interior effect of a given substituent on an atom varies, 
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even in sign, with the nature of the atom at which substitution 
takes place. Thus, replacement of H in HCl^ by CP does not 
increase the f ugacity of the electrons of ; on the contrary, the 
product now shows nothing but strongly electron-seeking properties. 
Boron, on the other hand, resembles carbon, for while boron, in its 
hydrides, displays consistent quadrivalency, no neutral chloride is 
known in which boron displays a valency greater than three. 

All ortho-substituents (other than OH) hitherto examined greatly 
increase the stability of the cyanohydrin group (see Table I), no 
matter what the quantitative or electropolar factors may be. This 
is quite irreconcilable with the idea that substituents so placed 
produce their effect in virtue of their occupation of space (compare 
also Kuhn and Wassermaim, Helv, Chim, Acta, 1928, 11, 3 et aegr.). 

In comparing the effects of ortho-substituents on the dissociation 
constants of cyanohydrins, on the one hand, and on the ^ 
ionisation of carboxylic acids, on the other, it is natural . 
to observe that both phenomena might at first sight be 
accounted for by assuming that a substituent X in 
position 2 in the annexed figure decreases the fugacity I J 
of electrons of C® and, therefore (by consequent electron ^ 
displacements), of the electrons of the atoms attached to Ca. 

Having regard, however, to the possibility (for which reasons 
have been given above) that a large decrease in the fugacity of the 
electrons of Oa may not necessarily decrease the capacity of C* 
to become quadrivalent, an alternative must not be overlooked. 
That alternative is a direct ” effect of X through space on the 
atoms or groups attached to Ca, rather than an effect on C® itself, 
and it must in any case be an effect which both helps C® to exercise 
its maximum co-ordination number and reduces the fugacity of 
the valency electrons of the atoms P, Q, and E attached to 
Co ; the latter requirement is shown by the decreased ability of the 
oxygen of ortho-substituted benzoic acids to retain a proton. 


The most useful and significant measurements of thermodynamic 
changes associated with addition reactions of carbonyl compounds 
are certainly those of Adkins and Adams (J. Amer. Chem. Soc,, 
1925, 47, 1368), who studied the free energy of the formation of 
acetals from alcohols and carbonyl compounds, both aldehydes and 
ketones, by means of equilibrium measurements. This reaction, 
however, is highly complex, ia'<?'olving at equilibrium six molecules of 
four different chemical species : 

2R'-OH + R"-CO-R'" ^ R"-C(0R')2-R'" + 2 H 2 O. 

The ideal case for study is no doubt that in which only 
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molecules of two chemical species are concerned at equilibrium 
(esoltlsiTe of catalysts), corresponding with the phenom- 

enon of simple isodynamic change. Next to this in simplicity como 
two cases where three molecules are concerned : 

(a) A + (two species) 

or (6) A + (three species). 

Here, {a) would include all the simplest cases of polymerisation, 
and no simpler example of (6) could be taken than that of reversible 
cyanohydrin formation : ’R 2 CO + HCN<-->R 2 ^(OH)'GN, which 
is probably a simpler case than that of oxime or hydrazone formation 
(Petrenko-Kritschenko, Ber,, 1901, 34, 1702; Annalen, 1905, 341, 
150; jBer., 1906, 39, 1454; Fischer, Annalen, 1886, 236, 146; 
Stewart, J., 1905, 87, 185, 410) and corresponds more closely with 
the formation of bisulphite double compounds (Stewart, loc. cit). 

Ultee {Eec, trm. chitn., 1909, 28, 248, 257) examined the stability 
of a number of cyanohydrins, mainly by admixture of an aldehyde 
or ketone with anhydrous hydrogen cyanide m equimolecular 
proportion and in absence of solvent. The results were not in a 
form suitable for quantitative comparison, and this was more 
especially the case with aliphatic aldehydes, the cyanohydrins of 
which are so stable that the concentrations of the free hydrogen 
cyanide and of the free aldehyde (which could only be estimated 
by difference) were very uncertain. The equilibrium constants 
calculated for TJlt4e*s liquid systems are not directly comparable 
with those given in the present paper, which refer to a different 
medium. 

W. J. Jones (J., 1914, 105, 1560) compared the dissociation 
constants of one or two cyanohydrins in aqueous solution, and 
conJSrmed Ultee’s conclusion that in general the formation of 
cyanohydrins is incomplete, even with aldehydes: he made a 
quantitative comparison between the values of the equilibrium 
constant E = C^^co X iu aqueous solution and 

found the constant for acetone to he about eleven times as large as 
that for acetaldehyde. 

The present authors have extended this work and made observ- 
ations with a large number of aldehydes and ketones ; hut, as water 
is not generally suitable as a solvent, 96% alcohol was used as the 
medium throughout. Chemically, the principle on which the 
measurements were based was the same as that applied by Ultee 
and by Jones ; it has recently been discussed at sufficient length by 
Lapworth, E, B. Robiason, and Manske (J., 1927, 2052 et seq,), 
and it is only necessary here to give details of the modified procedure 
adopted dm’ing the present research. 
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Experimental. 

Preparation and Purification of the Aldehydes and Ketones . — 
Exigencies of space make it impracticable to give details for so 
many different compounds. Where the aldehydes or ketones were 
solids with a fairly high melting point, the procedure, as a rule, 
was fairly straightforward, and frequent recrystallisation from suit- 
able solvents was always resorted to in the final stages — as, for 
example, where a nearly pure sample had been made synthetically 
or purchased as “ pure ’’ from a firm of repute and had passed the 
necessary prelimiuary tests satisfactorily. Where the compounds 
were liquids or low-melting solids, the methods of preparation 
adopted often afforded the necessary preliminary guarantee of 
homogeneity, and the elimination of most of the remaining impurities 
was always attempted by applying Richards’s method of repeated 
distillation, with rejection of large initial and final fractions (compare 
J. Amer, Chem. Soc., 1912, 34, 978) even when the boiling-point 
range of the original material was very narrow. In each fraction- 
ation, wherever practicable, only the middle two-thirds of the 
distillate were utilised, so that when several successive operations 
were carried out, the proportion ultimately retained was very small. 
Oxidisable or hygroscopic compounds were fractionated in an 
atmosphere of dry carbon dioxide and then used immediately with 
every necessaiy precaution to avoid access of air or moisture. 

In all cases where the aldehyde or ketone gave a crystalline 
bisulphite compound this was made as a stage in the preparative 
process. 

In the following cases the starting materials used, and subjected 
to further treatment on the lines above indicated, were the best 
products made by British Drug Houses, Ltd. : Fluorenoiie and 
o-chloro-, o-nitro-, m-hydroxy-, ^-hydroxy-, and jp-dimethylamino- 
benzaldehydes. 

The original p-nitrobenzaldehyde was purchased from Kahlbaum. 
In the case of o-nitrobenzaldehyde, traces of o-nitrosobenzoic acid 
present were easily removed by two successive precipitations from 
benzene solution by addition of light petroleum. The crude 
methoxybenzaldehydes were made by methylating the purified 
hydroxy-aldehydes ; m-nitrobenzaldehyde was made by the method 
described in Erdmann’s “ Anleitung der Organischen Preparate ’’ 
(Stuttgart, 1894), and p-methoxy-m- and -a-methylbenzaldehydes 
were made by the application of Gattermann’s process to pure 
o- and m-cresol respectively. 

Crude m-chloro- and m~ and ^p-methyl-benzaldehydes 
obtained from the corresponding chloro- and methyl-benze^^ifef" 
by Stephen’s process (J., 1925, 127, 1874). It is worthy of 
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that, owiiig to the retardation of reaction velocity (“ sterio hind- 
rance ’*), thia process did not prove satisfactory in the hands of 
the present authors for converting o-methylbenzonitrile into o-tolu- 
aldehyde, and it has not been possible to include any measurements 
on the cyanohydrin equilibrium in the case of the latter compound. 

The original sample of c^cZopentanone was made from adipic acid 
by the method described in D.R.-P. 256,622 ; that of cycldhexmone 
was purchased from Poulenc Fibres. The methylcycZohexanones 
were made by catalytic reduction of pure cresols supplied by the 
Graesser Monsanto Co. The c^/cZoheptanone used was a specimen 
of this costly product kindly presented by Professor J. P, Thorpe ; 
it was subsequently twice redistilled, small initial and final fractions 
being rejected as usual. 

The following compounds were made in accordance with the 
authorities quoted: a-Ketotetrahydronaphthalene (Ingold and 
Piggot, J,, 1923, 123, 1483; compare also Kipping and Hill, J., 
1899, 75, 148), xanthrone (Perkin, Bcr., 1883, 16, 339), and anthroiie 
(Barnett and Cook, J., 1921, 119, 904). In other cases the products 
were prepared by methods in general use. 

Method of Determining the Equilibrium Constant . — ^The solvent 
used throughout was the binaa^ constant-boiling 96% alcohol- 
water mixture, made from the strongest commercial spirit. This 
was purified by distillation first from 2% of its weight of oxalic 
acid, then from 5% of sodium hydroxide, and was finally carefully 
fractionated. 

The anhydrous hydrogen cyanide was prepared from potassium 
f errocyanide and dilute sulphuric acid, the vapours being conducted 
through a series of drying tubes containing calcium chloride, 
liquefied by cooling, and redistilled from phosphoric oxide. 

Liquid aldehydes and ketones were weight by difierence from 
Lunge pipettes. This had numerous advantages, including ease in 
manipulation, increased accuracy by reduction of losses due to 
evaporation and oxidation, and prevention of access of moisture; 
moreover, by counting the drops, a rough control over the quantities 
used could be exercised. 

A sufficient speed of reaction was ensured by the addition of a 
drop of w-tripropylamine, and it was ascertained that variations 
in the quantity of this base within limits many tinaes wider than 
those which could accidentally be reached in practice had no 
measurable influmice on the state of equilibrium. The equilibrium 
was finally frozen,” as in the experiments of Ult4e and of Jones, 
by additimi di excess of nitric acid. 

In detail the operations were carried out as follows. A weighed 
amoimt of aldehyde or ketone was introduced into a 50 o.c. flask. 
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followed in succession by 30 c.c. of the alcoholic medium and 10 c.c. 
of the alcoholic hydrogen cyanide.* A very small drop (approx- 
imately 0-02 c.c.) of 7^-t^ipropylamine was added, and the mixture 
diluted to 50 c.c. with the solvent, confined with a glass stopper, 
and sealed with parafi&n wax. Blank experiments, in which the 
operations were conducted in exactly the same way but without 
addition of the aldehyde or ketone, were carried out in each case 
to determine the total amount of hydrogen cyanide in the system. 
All solutions were thoroughly mixed, allowed to remain at room 
temperature over-night, and then kept at 20*0® ^ 0*5®, at which 
temperature any slight contraction, frequently observed after 
reaction, was corrected, the volumes being made up to the original 
50 c.c. by addition of more solvent. Equilibrium in most cases 
was attained in i hour, but this was always checked by comparison 
with titrations made on the follqwing day. 

Among all the cases which the authors have now investigated, 
that of o-nitrobenzaldehyde was the only one in which there was 
considerable irregularity in the amount of uncombined hydrogen 
cyanide present after standing for several days, and this was 
probably due to the extraordinary readiness with which this par- 
ticular cyanohydiin undergoes complex changes (Ber., 1904, 37, 948). 

The amount of uncombined hydrogen cyanide at equilibrium was 
determined by withdrawing a measured volume (the amount suit- 
able having been ascertained by a preliminary titration) and adding 
to it 10 c.c, of iV^/20-silver nitrate solution, acidified with 2 c.c, of 
concentrated nitric acid in 20 c.c. of water. The precipitated silver 
cyanide was filtered off, thoroughly washed with water, and the 
excess of silver in the filtrate and washings determined by titration 
with ,N'/20-potassium thiocyanate, ferric ammonium sulphate being 
used as indicator in the light given by a Daylight Electric Bulb, 
with which readings concordant within 0*04 c.c. were easily obtained. 
Means of two or more results concordant within 0*06 c.c. were 
used. The blank experiments were completed in the same way. 

In all cases the amount of hydrogen cyanide which had comWed 
with the aldehyde or ketone was determined by difference, for 
although a direct determination of the combined hydrogen cyanide 
is possible, it involves serious practical difficulties. In the circum- 
stances, the best evidence that no large error was made in the 
indirect determination is the consistency in the several values for 

* The alcoholic hydrogen cyanide was prepared by dissolving 10 c.e, of 
anhydrous hydrogen cyanide in 250 c.c. of the alcoholic medium; 
solution contained approximately 10 millimols. of HOH in 10 c.c* , and rezi|u^iped| / 
unaltered in concentration for several weeks when kept in a stopped 
flask sealed with parafiQn wax. 
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tlie eq^uilibriuiE constant calculated from the different determine 
atioDS in which the relative (juantities of reactants at equilibrium 
varied considerably* 

It is evident that errors arising out of inaccurate measurements 
of the concentrations entering into the formula for the equilibrium 
constant are proportionatdy greatest when any of the three con- 
centrations becomes very small, and this tends to be the case iE the 
cyanohydrin has either a very low or a very high dissociation 
constant, the former being pa^cularly unfavourable for accuracy. 
These considerations were always kept in mind while deciding the 
best ranges of concentration and proportions of constituents to 
be taken in the series of measurements made with each aldehyde 
and ketone ezamined. 

Errors arising out of temperature variations may be regarded as 
relatively very small in the ease of ketones ; XIlt4e (JJec. trav. ckm,^ 
1909, 28, 281) showed that tihe increase in dissociation of the cyano- 
hydrins which he used was less than 5% between 0® and 26®, so 
that even in some exceptional cases during the present series of 
measurements where the temperature employed was 18®, the differ- 
ence was not detectable by the methods employed. With aldehyde- 
cyanohydrins the temperature coefi6cient is larger. In view of all 
the cucumstances tending to detract from accuracy, the relative 
values of the functions in the last column in the tables are usually 
given to two significant %ures only. 

A serious source of possible error was impurity in the aldehydes 
and ketones studied, especially when these were liquids. This 
error as a rule would be largest when the impurity was chemically 
inert towards the hydrogen cyanide, for example, any residual 
alcohol used as solvent in the purification process. The. presence 
of another nearly-related aldehyde or ketone (e.j., an isomeride, 
in comparing constants for monosubstituted benzaldehydes) was 
less important, and obviously became less serious the more nearly 
the properties of the impuriiy approached those of the main 
constituent. 

Example of Procedure and Calculation , — ^The case of j?-ehloro- 
benzaldehyde is selected to illustrate how the several independent 
values of the dissociation constant of each cyanohydrin were deter- 
mined with various proportions of the interactants in neutral 
equihbrium. The total amount of the aldehyde or ketone originally 
taken was different in each determination, so that, although the 
tot^ concentration of hydrogen cyanide (i.e., free plus combined) 
was the same in each .deteiminatiQn, yet the concentratioiiB ot both 
free aldehyde (or ketone) and hydrogen cyanide at equilibrium were 
different in each case. 
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In the example which follows, A^hcnj etc., are the numbers of 
millimols. of reactant per 50 c.c. ; refers to the aldehyde (or 
ketone) originally taken, and and iVK,o(OH)-cN refer 

respectively to the free hydrogen cyanide, free carbonyl compound, 
and cyanohydrin foimd at equilibrium. The number of miUimols. 
of total hydrogen cyanide, was taken as the mean of the two 
values given in the column for the two blank experiments, 
a and b. Thus 

The values of K given are the equilibrium constants expressed in 
the usual units, viz., g.-mols. and litres, and are calculated from the 
arbitrary values, etc., by the relation 

K = (7hcN X C^E*Co/C^E*C3(OH)‘ON = 2 X 10“® X Njiqs X -ZV^EsCo/-®E*C<OH)-CN* 

The values of AF, in g.-calories, are obtained as usual from the 
relation AF = 1-99 X 2931og^ (for K at 293® abs.). Thus AF 
is zero when ^ = 1, i.e., if cyanohydrin, hydrogen cyanide, and 
aldehyde or ketope are in equilibrium at normal (unit) concen- 
trations ; it is positive or negative accordingly as the dissociation 
constant of the cyanohydrin is greater or less than unity. 

2?-Chlorobenzaldehyde. 


E^qjt. Na. ■?^itaq(OH)*ON» ICxlO®, 

a 0 ■ 8-88 0 o' — 

b 0 8-87 0 0 * — 

1 9*02 1*33 1-47 7-55 5*18 

2 9*35 M8 1-65 7*70 6*06 

3 10*40 0*83 2-36 8*05 4*84 

4 10*68 0*75 2-65 8*13 4-78 

6 11*21 0*66 2-99 8-22 4*80 


Mean value of JS^ = (4*94 i 0*06) x 10"®. 

The probable error ” or “ consistency measure,” ± 0*06 x 10"® 
(i.e., X’2% of the mean value), was calculated in the usual way. 

Discussion of Besults in Table I. 

It will be convenient to consider in turn the eSects of substituents 
in the para-, meta-, and ortho-positions. 

(1) •p-Substiiuiion , — When the substituents are arranged in the 
order of their depressant effects on the afSnity of the aldehyde for 
.hydrogen cyanide, beginning with the most effective, the list runs : 

.'Substituent NnMe2 OH - OCH3 HO2 CH3 , 01 and H 

aJ^xIO-® -5-5 -16*0 -20*0 -23*0 -27*0 -31,-0; 

It will be observed that on this basis the three substituents, 

:OH, and OOH^, which are characterised by thek very 
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Table I. 

Constants of Cyanohydrins of some Aromatic Aldehydes. 

No. of deter- 


Beuzaldebyde. 

xninations. 

KxlOK 

% Error. 

A^'xlO-s. 

XJnsubstituted 

4 

0*472 

0*9 

-31 

o-Nitro- (m. p. 46®) 

6 

ca. 0*070 

5*0 

-42 

w- „ (m. p. 68®) 

5 

0*274 

2*2 

—34 

p- „ (m. p. 107®) 

4 

1*81 

3*6 

—23 

o-Chloro- 

6 

0*0962 

3*4 

-40 

Wi- „ {m. p. IT) 

5 

0*260 

4*0 

-35 

p- „ (m. p. 47°) 

6 

0*494 

1*2 

-31 

o-Methoxy- (m. p. 36°) 

6 

0*259 

3*9 

-35 

,, 

4 

0*428 

2*4 

-32 

P- 

4 

3*12 

0*6 

-20 

o-Hydroxy- 

3 

1*67 

4*4 

-24 

7>i- „ (m. p. 104°) 

4 

0*476 

0*9 

-31 

p- „ (m. p. 116°) 

3 

7*66 

0*9 

-15 

w-Methyl- 

5 

0*604 

2*3 

-30 

P- » 

3 

1*03 

1*0 

-27 

2-Methyl-4-methoxy 

4 

2*00 

3*7 

-23 

3 - „ 

4 

3*82 

1*0 

-19 

p-Dimethylamino- (m. p. 73°) 

4 

*39*0 

M 

- 6*5 

“ quantitative ’* effects, come first and in their usual order; 01, 


however, with its large electropolar effect, takes a position indicating 
that the effects produced by its quantitative and electropolar 
factors just balance one another. The authors* views on the 
appearance of the nitro-group in quite unusual company have 
already been stated (pp. 2635, 2538). 

(2) m-^Svbstiiutim, — ^Here the sequence among the substituents 
examined is : 

Substituent CH 3 HO and H OCH 3 NOg Cl 

iiFxlO'® ~30«0 -31*0 ~32‘0 -34*0 -35-0 

This order bears apparently no relation whatever to the quantitative 
sequence, but definitely indicates that the electropolar effect is the 
dominant one. Even the methyl group takes its correct position 
with respect to hydrogen, although the authors admit that this 
may be. fortuitous, for in this relation, as with that of OCH3 to H, 
the difference is approaching the probable limits of experimental 
error. The order of NO2 and Gi suggests that possibly NO2, even in 
the meta-position, increases the extent of non-polar conjugation 
(Thiele effect) between the carbonyl group and the nucleus. 

It seems hi^y significant that if the value of the expression 
X that is, of 10-^ X (J2T log, JTpara - 

jBrioge j£niete)> be Calculated for any of single-bonded sub- 
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stituents measured both in para- and in meta-positions, the results 
obtained are as follows : 


Snbstitaent OH OCEj a CH, E 

Difference +16 +12 +4 +3 +0 


The agreement mth Flurscheim’s quantitative sequence (J., 1909, 
95, 726) is remarkable, in spite of the opposite and very widely 
different electropolar factors of Cl and CH^. The coincidence 
cannot fail to suggest that the electropolar effects produced by the 
substituents are nearly the same at the meta- as at the para-position. 
If this indeed be so, separation of the quantitative and electropolar 
factors is greatly simplified. 

(3) o^Substitvtion . — The sequence now is : 


Substituent OH H OCH3 Cl NOg 

A^XlO-a -24-0 - 31-0 -35*0 -40-0 -42-0 


The position of OH in this list is almost certainly attributable, not 
to its quantitative factor, but to the circumstance that o-hydroxy- 
benzaldehyde is not comparable with other substituted benzal- 
dehydes, the true hydroxy-compound existing largely as a more 
stable form where there is chelation between the hydroxyl and 
carbonyl groups, as Sidgwick and his co-workers have shown (J., 
1924, 125, 527; 1925, 127, 907). Such an occurrence as this must 
have the effect of reducing the apparent stability of the cyanohydrin. 
The other groups, OCH3, Cl, and NO^, when in the ortho-position 
all act so as to increase the stability of the cyanohydrin relatively 
to that of the aldehyde. In view of the opposite effect which 
OCH 3 exercises when in the para-position, the large gap between 
the values of AF for ortho-situated OCH3 and Cl may well be due 
to the opposite signs of the quantitative factors of these two 
substituents. 

o-Methylbenzaldehyde could not be obtained for examination, but 
comparison of the numbers found for 2- and for 3-methyl-4-methoxy- 
benzaldehyde show tloAt in the ortho-position, OH 3 , like OCBEg, 01, 
and NOg, raises the stability of the cyanohydrin in comparison with 
that of the aldehyde. 

Disiyussion of BesvMs m Table II. 

Here are given a number of dissociation constants for cyano- 
hydrins of cyclic ketones and (in parentheses) of some corresponding 
open-chain compounds. The effect of ring formation may be 
rou^y shown by subtracting from the value of AJP for the eyelio 
ketone that for its open-chain analogue. In the following li^ 
name of the former only is given and the numbers represent tb^ gah^ 
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Table II. 

Constants of Cyanohydrins of some Cyclic (and Related) Ketones. 


Sfo. of deter- 


Ketone, 

minations. 

XV 102. 

% Error. 

aFxio-». 

c^cZoPenianone 

4 

1*49 

2*8 

-24 

(Methyl w-propyl ketone) 

4 

3*54 

2-3 

-19 

cycZoHesanone 

4 

0*092 

4*3 

—41 

(Methyl 7i-butyl ketone) 

4 

3*22 

1*2 

-20 

2-MethylcwcZohexanone 

5 

0*059 

5*4 

-43 


4 

U*,30 

1*1 

-34 

4.- 

** ,, ,, „ ......... 

4 

0*127 

2-0 

-39 

Menthone 

4 

6*54 

1-8 

-16 

<?yeZoHeptanone 

4 

7*96 

1*0 

-15 

Camphor (No appreciable c 3 ’'anohyclrin formation.) 

» + 10 

o-Hydrmdone 

8 

610*0 

9*0 

+ 11 

(Phenyl ethyl ketone) 

5 

59*4 

1*7 

- 3 

a-Ketotetr^ydronaphthalene 

3 

806*0 

10*0 

+ 10-2 

(Phenyl «-propyl ketone) 

5 

89*4 

1-2 

- 0*65 

Fluorenone 

3 

146*0 

0*6 

+ 2*3 


(Benzophenonej (No appreciable cyanohydrin formation.) »-f 10 
Anthrone and Xanthrone (No appreciable cyanohydrin 

formation.) »+10 

in the free energy of dissociation (AF x 10"^) consequent upon ring 
closure : 

cycZoPentanone — 5*0 a-Hydrindone +13*5 

ct/eloELexaaone —20*7 o-Ketotetr^ydronaphthalene +10*9 

cycZbHeptanone +ca. 6*5 Fhiorenone ... very large and negative 

In some eases, then, and more especially in those of cz/cZohexanone 
and fluorenone, ring formation in eJBfect greatly increases the 
stability of the addition compound, and, -with cycZohexanone and its 
methyl derivatives, the result is to render the corresponding ketone- 
cyanohydrins the most stable known. In some oases, on the other 
hand, ring formation has the opposite result, and this is especially 
remarkable in the case of a-hydxindone, where ortho-substitution 
such as is involved in the ring formation would ordinarily tend to 
stabilise the cyanohydrin. 

The effects of introducing methyl groups into c^/cfohexanone have 
the appearance of an induced alternate effect, but this can scarcely 
be more than a coincidence. It seems much more probable that 
the normal electron-releasing electropolar effect of methyl is larger 
in the 3- than in the 4-position, whilst in the 2-methyl derivative 
an electron-restraining effect (similar to that produced by ortho- 
situated methyl in aromatic acids and aldehydes) enters, dominatiag 
all others. 

The very large depressant effect of the isopropyl group in position 
2- in 3-methyl-2-isopropyIhexanone (menthone) is most striking, 
for methyl in that position has the opposite effect. Possibly this 
may be a true case of interference by configurational strain in the 
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cyanohydrin due to crowding. It has always appeared probable 
that the so-called steric effects are associated with, and therefore 
conditioned by, the amount of branching of chains. 

Summary. 

The constants for the dissociation 

Ri-C(OH)(C!N)-E2 ^ R1-CO-R2 + HON 

of a number of cyanohydrins derived from aldehydes and ketones 
have been determined in 96% alcohol at 20® ± 0*5®. 

The dissociation constants of cyanohydrins derived from benzal- 
dehyde and its substitution derivatives appear to be affected by the 
same factors which influence the ionisation constants of benzoic 
acid and its substitution derivatives (Flurscheim, J., 1909, 95, 
726), although (i) the “ electropolar ” factor appears to be. of 
relatively less importance in the para-substituted cyanohydrins, 
and (ii) the “ quantitative ’’ factor has little if any influence in the 
meta-substituted cyanohydrins. The effects of ortho-substituents 
examined (other than HO) are such as to depress the dissociation 
constants of the cyanohydrin, and this is in direct contrast to the 
result to be anticipated from the classical “ space-occupation 
hypothesis so frequently used to account for other effects associated 
with ortho-substitution. Ring closure (with elimination of two 
atoms of hydrogen) in a chain comprising a carbonyl carbon atom 
leads sometimes to a large increase and sometimes to a large decrease 
in the dissociation constant of the derived cyanohydrin. 

The results obtained are discussed from the point of view of the 
electronic theory, and it is suggested that possibly the additive 
capacity of carbonyl carbon and ethylenic carbon, considered from 
the standpoint of entropy, does not increase continuously with the 
restraint on its electrons but reaches a maximum and then declines, 
just as in the series, boron, carbon, nitrogen, and oxygen, the 
capacity to form stable compounds, in which the element exercises 
a co-ordination number of 4, attains a maximum at carbon. 

The authors gratefully acknoMedge that a considerable part of 
the cost of the materials used for this work was defrayed froin the 
Brunner Mond Research Fund, 


The UmvEBSXTY, Mahchesteb. 


lEeceived, J 21^2, 1928.] 
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CCCXXXVII . — A New Reaction of Certain Diazo- 
sulphonates derived from ^-^Naphthohl^sulphonic 
Acid. Part II. The Constitution of Nitro- and 
Amino-phenylphthalazones. 

By Frederick Maurice Eowe and Esther Levih. 

Lsr a former communication (J., 1926, 700) we stated that 1-hydroxy- 

3 -( 4 '“iutrophenyl)-l : 3-dihydrophthalazme-4-acetic acid (VII) is 
reprecipitated unaltered by diluting a solution in cold concentrated 
sulphuric acid, but boiling with aqueous sulphuric acid gives a 
substance which is not precipitated from the solution on further 
dilution. The latter substance has now been examined more 
closely. Acetic acid is eliminated during the reaction, and analysis 
of the product, yellow needles, m. p. 333°, gave the formula 
C 14 H 9 O 3 N 3 , which is that of a nitrophenylphthalazone. Conse- 
quently, this reaction is analogous to the conversion of 1 -hydroxy- 

3- (4'-aminophenyl)-tetrahydrophthalazme-4-acetic acid (VIII) into 
an aminophenylphthalazone by boiling with aqueous mineral acid 
(foe. dt, p. 703). The product obtained by the reduction of the 
nitrophenylphthalazone varies with the conditions used. Thus, 
reduction with aqueous sodium sulphide gives the aminophenyl- 
phthalazone, which we described previously as 4'-amino-3-phenyl- 
phthalaz-4-one, whereas zinc dust and hydrochloric acid give 
4'-amino-JV'-phenylphthalimidine. 

Seekles {Bee. trav. chim.y 1924, 43, 329) has described as a nitro- 
phenylphthalazone a substance, deep orange needles, becoming 
paler at 228° and melting at 259°, which he obtained by condensing 
o-phthalaldehydic acid with p-nitrophenylhydrazine in alcoholic 
solution. This compound obviously is not identical with ours, and 
its method of preparation should lead to 4'-nitro-3-phenyIphthalaz- 

4- one. If that is the case, our compound is the isomeric 4'-ni^ro- 
3-pAew.yZp^Aafoz-l-(we (IX), and the compound which we described 
previously as 4'-amino-3-phenylphthalaz*^-one is actually 4'-amiwo- 

5- phenylphtMlfzZ’-hone (X). Consequently* in converting 1-hydroxy- 
3-(4'-aminophenyl)tetrahydrophthalazme-4-acetio acid into the 
aminophenylphthalazone with elimination of acetic acid, it is not 
the >CH*CB[ 2 *C 02 H group, but the >OH*OH group, which is 
converted into a keto-group. 

Unsuccessful attempts were made to confirm this hypothesis by 
eliminating the amino-group from our aminophenylphthalazone, so 
that the emresponding phenylphthalazone could be compared with 
3-ph<Kiy^phthalaz4-one (Racine, Annakn, 1887, 239, 86 ; Thiele 
and Falk, ibid.^ 1 SK) 6 , 347, 112 ), of wWch the constitution is 



OF CERTAIN DIAZOST7LPHONATES, ETC. PART H. 


2561 


definitely Imown. Diazotisation and boiling ■with alcobol under a 
variety of conditions, or diazotisation, and reduction of the diazo- 
nium compound to the hydrazine, followed by oxidation with 
copper acetate, gave no phenylphthalazone. In the latter case, 
disruption of the molecule undoubtedly occurred. 

It appeared desirable, therefore, to prepare Seekles’s compound 
for pui^oses of comparison, and, as a result, it was found not to be a 
nitrophenylphthalazone. The condensation of an equimolecular 
proportion of phthalaldehydic acid and p-nitrophenylhydrazine in 
boiling alcoholic solution gives the compound described by Seekles, 
but it has the formula and is actually only an inter- 

mediate stage in the formation of the nitrophenylphthalazone. In 
alcoholic solution, phthalaldehydic acid reacts mainly in the 
tautomeric form of hydroxyphthahde (I), and under these conditions 
condensation is limited to formation of the lactone form of o-carboxy~ 
benmUehyde-ip~nitrophenylhydrazom (11), which Seekles described 
as a nitrophenylphthalazone. This condensation product dissolves 
in sodium carbonate owing to conversion into the free acid (III), 
but on boiling a nitrobenzene solution a molecule of water is 
eliminated and gives the actual (IV), 

colourless needles, m. p. 258°, which is isomeric and not identical 
with the nitrophenylphthalazone we have obtained from 1-hydroxy- 
3-(4'-nitrophenyl)-l : 3-dihydrophthalazine-4-acetic acid. 



4'-Mtro-3-phenylphthalaz-4-one, although sparingly soluble in 
mineral acids, does not form salts with them and is insoluble in 
sodium hydroxide. Reduction with sodium sulphide gives the 
actual 4'-ami?m-3-pAe7iy?pAiAaIa32-4-<we (V), and reduction with zinc 
dust and hydrochloric acid gives 4-^ammo-jy-phenylphthalimidine 
(VI), but the conversion into the latter does not proceed so readily 
as in the case of 4'-nitro-3-phenylphthalaz-l-on6. 

The formula (IX) for appears 



2552 


BOWE AKD LEVIN : A NEW EEACTION 


agree best with its properties. Thus, it is acidic and dissolves readily 
in sodium hydroxide with a bluish-red colour; also it is basic and 
dissolves readily in mineral acids, forming well-crystalHsed salts, 
decomposed by water ; and it forms a picrate. Further, it would be 
anticipated that the oxygen atom of the keto-group in a compound of 
this constitution could be methylated, and this proved to be the case, 
although the course of the reaction was somewhat complicated. The 
product of the interaction of 4'-nitro-3-phenylphthalaz-l-one with 
methyl sulphate in nitrobenzene solution, after removal of the latter, 
is obtained as an aqueous solution of the Tmthomlphate^ and is 
isolated as an orange-yellow, amorphous powder by Tnfl.lnn g 
with sodium carbonate. This substance, probably (XI), crystallises 
well from alcohol, but it combines with the alcohol, probably forming 
(XU), and is then so reactive that it was impossible to determine its 
formula analytically. This proved to be immaterial, however, for 
by heating the compound after crystallisation from alcohol first at 
110® and then at 140® it is readily converted into 4-iS:efo.l-mettey- 
3- (4 "nitTophenyVjS ; 4:~dihydTophtJi£dazine (XIII), which is neither 
acidic nor basic. This compound is demethylated by heating with 
hydrobromic acid and glacial acetic acid in a sealed tube at 100® 
with formation of 1 : 4:-diketo-Z-{i'~nitrovhenyl)tetrahydropJitliaU 
azme{X£V). 



HO\/H 

f, -> 

■COaH 

|(yn.) 

HO\/H 

'V 

./N-CgHi-NHa 




CHs-COgH 

(Vm.) 


OCHa 

■C^ 


XI 

i 


'CH ® 
(IX.) 


Y 


•CeH^.NOa 

OH 

(XI.) 


\eOj ^ 
(X.) 



VCHa 


/V^\ 




,/N-CaH,-NOa 

/^\ 

CaHgO H 

j,xn., 

VOH, 


\Aoo/^' A-NO, 

(xm.) 

On the other hand, 4'-aitro-3-phenylphthaJaa-4-one is neither 
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acidic nor basic, it does not form a picrate, and is unaltered by treat- 
ment with methyl sulphate under conditions identical with those 
used in the case of 4'-nitro-3-phenyIphthalaz-l-one. 

Expebimental. 

4,'’NitrO‘Z-phenylpMhalaZ’l-one (IX). — mixture of 10 g. of 
finely-powdered l-hydroxy-3-(4'-nitrophenyl)-l : 3-dihydrophthal- 
azme-4-aoetio acid (VII), 60 c.c. of concentrated sulphuric acid, and 
60 c.c. of water was boiled (b. p. 140°) under reflux. Solution was 
complete after J hour, and boiling was continued for a further 
1| hours, acetic acid being eliminated during the reaction. The 
mixture was cooled, diluted with 240 c.c. of water, boiled, and 
filtered. After cooling, the sulphate, colourless needles, was filtered 
off and neutralised with sodium carbonate. A further quantity, 
but less pure, was isolated by neutralising the filtrate. The united 
product was purified through the sparingly soluble hydrochloride, 
long, colourless needles, and, after neutralisation with sodium 
carbonate, the base crystallised from pyridine in fine yellow needles, 
m. p. 333° (not 331° as previously given) (yield 5*6 g.; 68-5%) 
(Found : C, 62*9 ; H, 3*5 ; N, 15-7. requires 0, 62-9 ; 

H, 3-4; N, 15*7%). The substance is readily soluble in glacial 
acetic acid, soluble in nitrobenzene, sparingly soluble in alcohol and 
ethyl acetate, and very sparingly soluble in benzene. It is insoluble 
in sodium carbonate, but dissolves in sodium hydroxide with a 
bluish-red colour, changing to orange-brown on keeping; with 
mineral acids it forms salts which are readily decomposed by water. 
With an alcoholic solution of picric acid it forms a picrate, fine 
bright yellow needles, m. p. 218°, which appear to be decomposed 
progressively by recrystallisation from alcohol (Found : C, 48*6 ; 
H, 2*5. requires C, 48*4 ; H, 2*4%). 

Reduction of 4! -Nitro-Z-plienylpMh^^ — (a) A fine sus- 

pension of 2 g. of 4'-nitro-3-phenylphthalaz-l-one in 50 c.c. of water 
was heated to 60° with a solution of 16 g. of sodium sulphide crystals 
in 15 c.c. of water. The bluish-red colour of the solution changed to 
reddish-orange, and orange-coloured needles separated. The mix- 
ture was then boiled for 10 minutes’, cooled, and filtered. The 
4*~(mi7io-Z-plhenylpMhaljaZ‘l-om (X) crystallised from alcohol in 
deep straw-coloured, prismatic needles, m. p. 259° (yield 1 g.; 
66%), and is identical with the compound which we desoril^d 
formerly as 4'-ammo-3-phenylphthalaz-4-one, (h) A solution of 
2 g. of 4'-nitro-3-phenylphthalaz-l-one in 60 c.c. of water and 75 c.c. 
of concentrated hydrochloric acid was boiled, and 4 g. of zinc dust 
were added gradually with vigorous boiling. The 
AT-phenylphthalimidine (VI), almost colourless, prismatic 
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m. p. 198® (yield 1-3 g. ; 77 %), was isolated as previously described 
(foe. ciL, p. 704). 

Action of Methyl Sulphate on 4:'-Nitro-^-phe7iylphthalazA-ons,—A 
solution of 5 g. of 4 '-nitro- 3 -plienylphtlialaz-l-one in 120 o.c. of 
boiling, dry nitrobenzene was cooled to about 140°, and 2*5 g. of 
methyl sidphate were added to the crystalline mixture. The 
crystals disappeared rapidly and the reaction was completed by 
heating under reflux at 150° for hour. Nitrobenzene was removed 
by distillation with steam, and the aqueous residue, after filtering from 
a little resin, gave an orange-yellow, flocculent precipitate when 
rendered alkaline with sodium carbonate. This substance (XI) 
forms a hydrochloride, stout colourless needles, and is unaltered by 
prolonged boiling with hydrochloric acid; it is insoluble in cold 
alkalis, but is decomposed by boiling with sodium hydroxide. On 
addition of alcohol to the dry compound, it became resinous and then 
crystallme, and after crystallising four times from ethyl alcohol 
formed large, orange, elongated, hexagonal prisms (XII), m. p. 
138 — 141° (Pound : C, 63-3 ; H, 5*7 ; N, 13-6 ; total OR, calculated 
as OMe, 18-3%). On the other hand, crystallisation from methyl 
alcohol gave orange leaflets and diamond-shaped crystals, m. p. 
173—176° (Found: C, 62*3; H, 5*1; OMe, 18*6%). No definite 
conclusions as to the composition of these compoimds after crystallis- 
ation from methyl or ethyl alcohol could be based on these analyses, 
however, because the substance has combined with the alcohols and 
the products are decomposed partially even by drying in a vacuum 
at the ordinary temperature, as was done for the preparation of the 
analytical specimens, whilst at 100 ° the crystals become opaque and 
are converted gradually into 4-keto-l-methoxy-3-(4'-nitro]^enyl)- 
3 ; 4-dihydrophthalazine (XHI), The latter change was best 
effected by heating first at 100° and then at 140°. 

4-Xefo-l-weiAozy-3-(4'-mfropA67iy?)-3 ’A-dihydrophtJudazine crystal- 
lised from alcohol in fine pale yellow needles, or from glacial acetic 
acid in colourless needles, m. p. 199° (Found : C, 60*9 ; H, 3*9 ; 
N, 14*3; OMe, 10-3. requires C, 60*6; H, 3*7; N, 

14*1 ; OMe, 10*4%). The substance is readily soluble in chloroform, 
ethyl acetate and toluene, but insoluble in dilute mineral acids or 
alkalis. When 1 g. was heated with glacial acetic acid and twice the 
Volume of hydrpbromic acid in a sealed tube at 100 ° for about 
10 minutes, 1 : -nUrophenyl)MrahydropMhalazi7ie (XIV) 

separated, and after recrystallisation from glacial acetic acid, 
formed colourless needles, m, p. 307° (Found : C, 69*6 ; H, 3 * 4 ; 
N, 15-0. C 34 H 5 O 4 N 3 requires G, 59*4 ; H, 3*2 ; N, 14*8%), insoluble 
iir^'^ute mineml acids, but soluble in dilute sodium carbonate, 
giving a pale yellow colour. 
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i' -Nitro-Z-phenyl^hthala^ (IV). — mixture of a solution of 

4-5 g. of o-phthalaldehydic acid in 100 c.c. of alcohol and a solution 
of 4*6 g. of jj-mtrophenylhydrazine in 80 c.c. of alcohol was boiled 
under reflux for about 6 minutes after the lactone form of o-carSoici/- 
benzaldehyde-'p-nitrop7ienylhydraz(me (II) had separated in orange 
needles, m. p. 264° after shrinking and becoming paler at 228° 
(Found : C, 58*6; H, 4-0; N, 14*9. C14H11O4N5 requires 0, 58-9; 
H, 3-9; N, 14*7%). It is sparingly soluble in dilute hydrochloric 
acid and soluble in dilute sodium carbonate owing to opening of the 
ring with formation of o-(uirboxybeTmtUehyde’‘P’nitrophenylhydrazone 
(HE), which is precipitated on acidifying the alkaline solution as a red 
powder, decomposing at 218° and then melting at 249°. Attempts 
to recrystallise the lactone form from alcohol or pyridine resulted in 
its conversion into 4'-9iiiro-3-j)Xewj/JphiJiuZa2;-4-one. The latter 
compound was prepared most conveniently by boiling a nitro- 
benzene solution for a short time : after cooling, it crystallised in 
long, colourless, glistening needles, m. p. 258° (Found : C, 63*0 ; 
H, 3-4; N, 15*7. C14H9O3N3 requires C, 62-9; H, 3*4; N, 15*7%). 
It is almost insoluble in alcohol, insoluble in sodium carbonate or 
hydroxide, but very sparingly soluble m hydrochloric acid. It 
neither forms a picrate nor reacts with methyl sulphate. 

4'-Amim)-3•-j)Aeny^pA^Aa^a2;-4-o?^e (V). — ^A fine suspension of 2 g. 
of the lactone in 50 c.c. of water was heated to 50° with a solution of 
16 g. of sodium sulphide crystals in 16 e.c. of water. The bluish-red 
colour of the solution changed to orange-yeUow, and on further 
heating, almost colourless crystals separated in small yield. The 
4! ‘amim-Z-^pbmylpU^ crystallised from alcohol or water 

in long, pale yellow needles, m*. p. 184° (Found : C, 70*7 ; H, 4*7 ; 
N, 17*9. Ci 4 HiiON '3 requires C, 70*9; H, 4*6; N, 17*7%). It is 
soluble in hot water, insoluble in alkalis, but soluble in dilute acids 
{hydrochloride, colourless needles), and can be diazotised. A 
solution of 1 g. in 10 c.c. of glacial acetic acid was boiled with 0*2 c.c, 
of acetic anhydride for 2 hours^and poured into water ; the acetyl 
derivative crystallised from dilute alcohol in colourless, feathery 
needles, m. p, 233° (Found: N, 15*0, CxeHigOgNg requires N, 
16*0%). Reduction of the lactone form with zinc dust and hydro- 
chloric acid, as described on p. 2553, resulted also in the formation 
of 4'-amiao-if-phenylphthalimidine (VI), almost colourless needles, 
m. p. 198°, although with greater difSiculty and in much lower yield. 

We deske to thank Professor Robert Robinson, F.R.S., for his 
continued interest in this series of investigations. , 

Leeds UsTVEESiry. {Received, June 26^*, 
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GCOXXXVIII . — A Neiv Reaction of Certain Diazo- 
sulphonates derived from p-NaphthoIrl-sulphonic 
Acid. Part III. Preparation of Phthalazine^ 
Phthalazone^ and PhthaUmidine Derivatives from 
mrNitYoaniline. 

By Frederick Maurice Rowe, Mahmed Ahmed Himmat, and 

Esther Levin. 

In Parts I and 11 of this series (J., 1926, 690; preceding paper), 
the preparation of phthalazine, phthalazone, and plxthalimidine 
derivatives from 4'-nitrobenzene-2-naphthol-l-diazosulphonate bas 
been described, and the constitution of the isomeric 4'-nitro- and 
-amino-phenylphthalazones discussed. The investigation has now 
been extended to the corresponding 3'-nitro- and amino-derivatives. 

3'-Nitrobenzene-2-naphthol-l-diazosulphonate is formed quantit- 
atively from diazotised m-nitroaniline and p-naphthol-l-sulphonic 
acid in acid solution, but conversion through sodium l-3'-?zi<ro- 
benzenmzo-^-imphthaquinone-l‘Stdphonate into sodium hydrogen 
3-(3'-niirqpAenyZ)-l : ZdihydropMhalazine-4i-acetic acid-l-sulphonate 
is accompanied by no marked change in colour and does not pro- 
ceed so readily as in the case of the 4'-iiitro-isomeride, owing to an 
increased tendency to the formation of S'-nitrobenzeneazo-p- 
naphthol in appreciable quantities. This side reaction is limited 
by working at greater dilution, but under the best conditions the 
yield is 15% less than that obtained with the 4'-nitro-isomeride. 
Monosodium 3 - {3'-nitrophenyl) -1:3- dihydrophthalazine - 4 - acetic 
acid-l-sulphonate resembles the 4'-nitro-isomeride in general proper- 
ties, although it is noteworthy that, whereas the latter is a level- 
dyeing, pure greenish-yeUow, acid dye of good tinctorial power, 
the former possesses hardly any tinctorial properties. The 
replacement of the sodium-l-sulptonate group by hydroxyl gives 
1-hydroxy -Z-iZ'-nitrophenyiyi : Z-dihydrophtkalazine-i-acetic acid iaB, 
yield of about 10% less than was obtained with the 4'-nitro-isomeride. 
Esters and an anilide of this hydroxy-compound were obtained 
readEy, but attempts to prepare an acetyl derivative failed, for 
although a variety of conditions was employed the product was 
always resiaous and could not be crystallised. Unlike the 4'-iiitro- 
isomeride, l-hydroxy-3-(3'-iiitrophenyl)-l : 3-dihydrophthalazine-4- 
acetic acid is not reduced satisfactorily by alkaline hydrosulphite 
[hyposulphite], for the compounds in the present series appear to 
be more sen^tive to alkalis, and although the product resembled that 
anticipated in appearance and solubility in acids and alkalis, it could 
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not be purified by crystallisation and was not converted into the 
corresponding aminophenylphthalazone by boiling with mineral 
acid. 1 - Hydroxy- 3 - (3' - aminophenyl)tetrdhydrophthalazine - 4 - acetic 
acid is obtained satisfactorily, however, by reduction with stannous 
chloride and hydrochloric acid, because its hydrochloride is so 
sparingly soluble in concentrated hydrochloric acid that the reaction 
does not proceed further even after prolonged boiling. On the other 
hand, by boiling l-hydroxy-3-(3'-aminophenyl)tetrahydrophthal- 
azme-4-acetic acid with aqueous sulphuric acid (b. p. 140®), acetic 
acid is eliminated and Z'-amino-Z-pheriylpMhalaz-l-one is obtained in 
a 91 % yield. When this is reduced with zinc dust and hydrochloric 
acid, one nitrogen atom is e limin ated as ammonia and Z'-amino- 
"^-pJisnylpMMlirriidine is produced. The replacement of the amino- 
group in the latter by hydrogen or by hydroxyl proceeds as with 
the 4'-amino-isomeride, except that, as the diazonium chloride 
obtained from S'-amino-.W'-phenylphthalimidine is less stable to the 
action of boiling dilute sulphuric acid, Z' -hydroxy -‘N-phenylphthal- 
i'midine is formed with greater ease. 

When l-hydroxy-3-(3'-nitrophenyl)-l ; 3-dihydrophthalazine-4- 
acetic acid is boiled with sulphuric acid (b. p. 140®); it loses 
acetic acid and Z^-nitro-Z-phenylphthalaz-l-mie is formed, but in a 
yield of 12% less than was obtained with the 4'.nitTO-isomeride. 
3'-Nitro-3-phenylphthalaz-l-one is much less acidic than the latter, 
but with mineral acids it also forms well-crystallised salts, decom- 
posed by water, and it forms a more stable picrate. The product 
obtained from it by reduction varies with the conditions used. 
Thus, reduction with aqueous sodium sulphide gives 3'-anaino-3- 
phenylphthalaz-l-one, although in a yield of 17% less than was 
obtained by the action of aqueous sulphuric acid on l-hydroxy-3- 
(3'-animophenyl)tetrahydrophthalazine-4-aoetic acid, whereas zinc 
dust and hydrochloric acid give S^-amino-AT-phenylphthalimidine. 
3'-Nitro-3-phenylphthalaz-l-one reacts with methyl sulphate in a 
similar manner to the 4'-nitro-isomeride, and the primary product 
behaves similarly with methyl or ethyl alcohol. After crystallisation 
from alcohol, heating gives 4-heto-l-md7ioxy-Z-{Z' -nitropheny^-Z : 4- 
dihydrophikalazine, but this is always accompanied by a more com- 
plex substance, especially if heating is too rapid at first. 1 : 4- 
Diketo-Z-{Z* -niirophenyl)teirahydrophthalazine is obtained from the 
methbxy-compound by the action of hydrobromic acid. 

Finally, Z"-nitra-Z-phmylphthalaz-4:-one was prepared- for purposes 
of comp^ison. The condensation of equimolecular proportions of 
phthalaldehydic acid and wi-nitrophenylhydrazine in boiling alcoholic 
solution gives the lactone form of the m-nitrophenylhydrazone, 
when a nitrobenzene solution of this is boiled, a molecule of 
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eliminated with, formation of 3'-nitro-3-plienylpIithalaz-4-one. The 
latter, although, very sparingly soluble in mineral acids, does not form 
salts either with them or with picric acid, is insoluble in sodium 
hydroxide, and is unaltered by treatment with methyl sulphate 
under conditions identical with those used in the case of 3'-nitro-3- 
phenylphthalaz- 1 -one. 

The lactone form of o-carboxybenzaldehyde-^-nitrophenylhydr- 
azone is converted into 4'-amino-3-phenylphthalaz-4-one by treat- 
ment with warm aqueous sodium sulphide, but the corresponding 
m-nitro-derivative is merely converted into 3'-mtro-3-phenyl- 
phthalaz-4-one, which separates and remains unaltered even after 
prolonged boiling. y-Ami7w-3-phenyl;phtJialaz-4:‘07ie, however, is 
readily obtained by reducing 3'-nitro-3-phenylphthalaz-4-one with 
alkaline hydrosulphite. 

Further work on this subject is in progress. 

Experimental. 

Sodium Hydrogen 3-{3^ -Nitrophenyiyi : 3-dihydrophthalazme‘4^- 
acetate-l’Sulphonate, — iSltered solution of 50 g. of commercial 
sodium P-naphthol-l-sulphonate in 220 c.c. of water was stirred 
into a cold solution of diazotised m-nitroaniline, obtained by adding 
a concentrated solution of 14 g. of sodium nitrite to a solution of 
24 g. of wj-nitroaniline in 60 c.c. of concentrated hydrochloric acid 
and 180 c.c. of water. The 3'-nitrobeiizene-2-naphthol-l-diazo- 
sulphonate separated immediately as a yellowish-brown precipitate 
in theoretical yield (calculated on the m-nitroaniline). This was 
fiOitered ojBP, washed &ee from acid with brine, made into a paste 
with 600 c.c. of cold water, and a cold solution of 60 g. of anhydrous 
sodium carbonate in 250 c.c. of water was added. The sodium 
l~3'~nUrobenzeneazo-^-7uiphthaqumoneA-suJphonate formed does not 
separate from the solution at this dilution. The cold, clear, 
yellowish-brown solution was added immediately to a cold solution 
of 60 g. of sodium hydroxide in 120 c.c. of water, the temperature 
rose about 10°, and the deep reddish-brown mixture was left over- 
night, Conversion into sodium 3-(3'-nitrophenyl)-l : 3-dihydro- 
phthaIazine-4-acetie aoid-l-sulphonate was accompanied by little 
change in colour. The mixture was rendered faintly acid with 
hydrochloric acid, then made alkaline with sodium carbonate, and a 
small amount of 3'-nitrobenzeneazo-P-naphthol (Metanitraniline 
Orange) filtered off. The latter should not be washed with hot water, 
as this renders the product resinous and difficult to coagulate. The 
filtrate was rendered faintly acid with hydrochloric acid, and salt 
added cautiously until the monosodium salt of the product separated 
completely as a yellowish-brown,' semi-crystalliae precipitate. 
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x4fter drying, the product was separated from sodium chloride by 
extraction with absolute alcohol, from which it crystallised in 
orange-yellow prisms (yield 56 g. ; 76*3%) (Found : S, 7*7* 
CigHigO^NgvSNa requires S, 7*7%). It is readily soluble in water, 
but less soluble in alcohol, forming yellow solutions, which are 
deepened in colour by the addition of alkalis. The aqueous solution 
is decolorised by zinc dust and ammonia, and on exposure to air a 
deeper colour returns. Unlike the 4'-mtro-isomeride (J., 1926, 
699), it possesses but little tinctorial power. 

1 ’Hydroxy -Z - {Z' -nUrophenyl) -1:3- dihydropMhcdazirie - 4 - acetic 
Acid , — ^An aqueous solution of monosodium-3-(3'-mtrophenyl)-l : 3- 
dihydrophthalazme-4-acetic acid-l-sulphonate (32 g.) was boiled with 
concentrated hydrochloric acid (aqueous sulphuric acid also can be 
used) as described for the 4'-nitro-isomeride {ibid., p. 700). The 
product crystallised from ethyl acetate in pale yellow, prismatic 
needles, m. p, 234° (yield 21-3 g. ; 83*5%) (Found : C, 68*9 ; H, 4*0; 
N, 12*9. CieHisOgNa requires C, 58*7; H, 4*0; N, 12*8%). The 
substance is readily soluble in alcohol or glacial acetic acid, but less 
soluble in benzene, acetone, or ether. It is sparingly soluble in 
water, forming a solution acid to litmus, but dissolves readily in 
sodium carbonate with an orange-yellow colour, or in sodium 
hydroxide with a deep reddish-brown colour. It dissolves in cold 
concentrated sulphuric acid with a yellow colour and is repre- 
cipitated unaltered on dilution, but when boiled with aqueous 
sulphuric acid it is converted into 3'-nitro-3-phenylphthalaz-l-one. 

Derivatives of l’Hydroxy-Z’(Z' ’nitrophenyl)’! iZ’dihydropMMU 
azineA’Ocetic Acid . — ^The methyl ester, prepared as described for the 
4'-nitro-isomeride {ibid., p. 700), crystallised from methyl alcohol 
in pale yellow needles, m. p. 184° (Found : 0, 59-7 ; H, 4-5 ; N, 12-2. 
C17H15O5N3 requires C, 59*8 ; H, 4*4; N, 12*3%). The ethyl ester, 
similarly prepared, crystallised from ethyl alcohol in pale yeUow 
xmedles, m. p. 195° (Found : C, 61*1 ; H, 5*0 ; N, 11*9. 
requires C, 60*8; H, 4*8; N, 11*8%). It is insoluble in sodium 
carbonate, but dissolves in sodium hydroxide with a reddish-brown 
colour. The anilide was prepared as described for the 4'-nitro- 
isomeride and, after several crystallisations from ethyl acetate, 
formed transparent, yellow prisms, m. p. 239° (decomp.) (Found : 
C, 65*8 ; H, 4*8 ; N, 13*9. C22H18O4N4 requires C, 65*7 ; H, 4*5 ; 
N, 13*9%). It is almost insoluble in cold sodium hydroxide, whereas 
the 4'-nitro-isomeride is readily soluble with a red colour, and it is 
also hydrolysed to the original acid by boiling concentrated hydro- 
chloric acid. 

l-Hydroxy’Z’{^^’ammopJimyl)Mrahydrophthalazi7ieA’aceiicAcid.—, 

l-Hydroxy-3-(3'-nitrophenyl)-l : 3-dihydrophthalazuie-4-acetic acid 
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(20 g.) was boiled under reflux with a solution of stannous chloride 
(80 g.) in concentrated hydrochloric acid (200 c.c.) until it had all 
dissolved and been replaced by the hydrochloride of l-hydroxy-3- 
(3'-ammophenyl)tetrahydroph^aiazine-4-acetic acid, colourless 
cubic crystals. After a further 10 minutes' boiling, the hydrochloride 
was filtered off, washed with cold concentrated hydrochloric acid, 
and dissolved in water; tin was removed from the solution by 
means of hydrogen sulphide, and the product isolated by adding 
sodium carbonate until a white precipitate had separated completely. 
After being washed with cold water, it crystallised from boiling water 
in almost colourless, glistening prisms, m. p. 252® (yield 15*7 g. ; 
86%) (Found: C, 64-4; H, 5*4; N, 14-2. requires 

0, 64-2; H, 5*7; N, 14-0%). This compound cannot be obtained 
satisfactorily by reduction with alkaline hydrosulphite. It is spar- 
ingly soluble in alcohol and benzene, more soluble in water than the 
4'-amino-isomeride, and, unlike the latter, gives no coloration with 
ferric chloride. It dissolves readily in dilute alkalis or dilute acids, 
and can* be diazotised. Direct esterification in this case also proved 
unsatisfactory, but there was no diflBlculty in preparing a pure 
acetyl derivative, which crystallised from boUing water in colourless 
prisms, m. p. 167® (Found : C,'63-5; H, 5^5; N, 12-1. 
requires 0, 63-3; H, 6-6; N, 12-3%). 

Z'-AminO’Z-phenylphthuhZ’l^^ — A solution of 5 g. of 1-hydroxy- 
3-{3'-aminophenyl)tetrahydrophthalazine-4-acetic acid in a mixture 
of 25 c.c. of concentrated sulphuric acid and 30 c.c. of water was 
boiled (b. p. 140°) under reflux for 1 J hours, acetic acid being elimin- 
ated during the reaction. After cooling, the solution was diluted 
with 50 c.c. of water, neutralised with sodium hydroxide, then made 
distinctly alkaline with sodium carbonate and filtered. The base 
crystallised from alcohol in stout, golden-yellow, spear-shaped' 
prisms, m. p. 210° (yield 3*6 g.; 91%) (Found: G, 7M; H, 4*8; 
N, 17-8. Ci^HnONg requires 0, 70*9; H, 4*6; N, 17-7%). It is 
soluble in hot water, sparingly soluble in acetone, and insoluble in 
benzene. It is insoluble in alkalis, but soluble in dilute acids and 
can be diazotised; the hydrochloride formed colourless needles, 
and the* acetyl derivative crystallised from boiling water in fine, 
colourless needles, m. p. 204® (Found : C, 68*7; H, 4*9; N, 14-8. 
requires 0, 68-8; H, 4-7; N, 15*0%). 

Z'-’Amim-TS-phe7iylphthalimidine. — 3'-Amino-3-phenyIphthalaz-l- 
one was reduced with zinc dust and hydrochloric acid as described 
for the i'-amino-isomeride {loc. cit). After cooling, the product 
separated completely as colourless plates of the hydrochloride, 
together with a small proportion of colourless needles of the zmc 
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double chloride ; the filtrate contained ammonia. The crystals were 
dissolved in a little hot water and hydrochloric acid, the solution 
was rendered alkaline, and the dry precipitate extracted with 
alcohol. The base crystallised in almost colourless prismatic 
needles, m. p. 175° (Found : 0, 75-1 ; H, 5-7 ; N, 12*8. Ci4Hi20]Sr2 
requires 0, 75*0 ; H, 5*4 ; N, 12*6%). The ac&tyl derivative crystal- 
lised from alcohol in colourless, silky needles, m. p. 204° (Found : 
0, 71*9; H, 5*6; N, 10*6. OigHiANa requires C, 72*2; H, 5*4; 

N, 10*5%). jN'-Phenylphthalimidine, almost colourless plates, m. p. 
160°, was obtained by diazotising 3'-amino-iV'-phenylphthalimidine 
sulphate, and boiling the sparingly soluble diazonium sulphate 
(almost colourless needles) with alcohol. 

— ^This compound was prepared 
from 3'-amino-jSr-phenylphthalimidine (ID g.) as described for the 
4'-hydroxy-isomeride (foe. cit., p. 704), except that, as the diazo- 
compound in the present case was less stable, boiling for longer 
than § hour was unnecessary. The hydroxy-derivative crystallised 
from alcohol in colourless glistening leaflets, m. p. 268° (yield 9*5 g. *, 
95%) (Found: C, 75*0; H, 5*0; N, 6*4. Ci^HuOgN requires 

O, 74*7 ; E, 4*9 ; N, 6*2%), Its methyl ether, m. p. 122° (Found : 

C, 76*0; H, 6*5; N, 6*0, requires C, 76*3; H, 5*4; 

N, 5*9%), and ethyl ether, m. p. 116° (Found : C, 75*7 ; 9 , 6*9; 
N, 5*6. requires C, 75*9 ; H, 6*9 ; N, 5*5%), crystallised 

from the corresponding alcohols in colourless leaflets. 

B'-Nitro-Z-ph^nyljphtMlaz-hone , — solution of 5 g. of 1-hydroxy- 
3-(3'-mtrophenyl)-l : 3-dihydrophthalazine-4-acetic acid in ^5 c.c. 
of concentrated sulphuric acid was diluted with 30 c.c. of water, 
and the mixture boiled (b. p. 140°) under reflux. Solution was 
complete after | hour, and boiling was continued for a further | hour, 
acetic acid being eliminated during the reaction. The mixture was 
cooled, diluted with 120 c.c. of water, boiled, and filtered. After 
cooling, the sulphate (colourless needles) was filtered off and neutral- 
ised with sodium carbonate. A further quantity was isolated vby 
neutralising the filtrate. The united product was purified through ^ 
the sparingly soluble hydrochloride (long, colourless needles), and, 
after neutralisation with sodium carbonate, crystallised from 
pyridine in pale yellow needles, m. p. 324° (yield 2*3 g. ; 66*5%) 
(Found: C, 63*2; H, 3*6; N, 15*7. C 14 H 9 O 3 N 3 requires C, 62*9 ; 
H, 3*4; H, 15*7%). The substance is readily soluble in glacial 
acetic acid, soluble in nitrobenzene, sparingly soluble in alcohol and 
ethyl acetate, and very sparingly soluble in benzene. It is insoluble 
in sodium carbonate, and very sparingly soluble in boiling sodium ~ 
hydroxide with a faint orange colour ; with mineral acids it {dn®o 
4 p 
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salts, which, are readily decomposed by water. With an alcoholic 
solution of picric acid it forms a picrate^ bright yellow needles, m, p. 
234°, which can be recrystallised from alcohol without decomposi- 
tion (Found: C, 48-6; H, 2-6; N, 16-8. CaoHiaOioNg requires 
C, 48*4; H, 24; N, 16-9%), 

Seduction of 3'-NitrO'3‘phenylphtlialaZ’>ho7ie.—{a) Reduction of 
3'-nitro-3-phenylphthalaz-l-one (6 g.) with aqueous sodium sulphide 
as described for the 4'-mtro-isomeride (this voL, p. 2653) gave 
3'-amino-3-phenylphthalaz-l-one (yield 3-3 g.; 74%), identical 
with that obtained from l-hydroxy-3-(3'-aminophenyl)tetrahydro- 
phthalazme-4-acetic acid (p. 2560). 

(6) Reduction with zinc dust and hydrochloric acid gave 3'-amiao- 
JV-phenylphthalimidine (yield 83%), identical with that obtained 
from 3'-amino-3-phenylphthalaz-l-one (p. 2560). 

Action of Methyl Sulphate on S'-Niiro-Z-phenylphthalazA'One . — 
solution of S'-nitro-S-phenylphthalaz-l-one in nitrobenzene was 
treated with methyl sulphate as described for the 4'-nitro-isomeride 
{loc. cit)i and the nitrobenzene removed by distillation with steam. 
The’ aqueous residue, after being filtered from a little resin, gave an 
orange-yellow, fiocculent precipitate when rendered alkaline with 
sodium carbonate. This basic substAce behaves with alcohol in a 
similar manner to the 4'-nitro-isomeride, becoming first resinous and 
then crystalline. Thus, crystallisation from methyl alcohol gave 
golden-yellow needles, m, p. 114 — 117° (Found : OMe, 18-5%), and 
crystallisation from ethyl alcohol gave large, golden prisms, m. p. 
116 — 120° (Found: total OR, calculated as OMe, 18-1%), No 
definite conclusions as to the composition of these compounds could 
be based on these analyses, however, because the substance has 
combined with the alcohols, and the products are decomposed 
partially even by drying in a vacuum at the air temperature, as was 
done for the preparation of the analytical specimens; moreover, at 
100‘^the crystals melt, then resolidify, and are converted gradually 
intoT 4-keto-l-methoxy-3-(3'-nitrophenyl)-3 : 4-dihydrophthalazine. 
TEe latter change was best effected by heating first at 100° and then 
at 140°, and, unlike the case of the 4'-nitro-isomeride, in this instance 
there was always simultaneous formation of a certain amount of a 
more complex substance, red needles, m. p. 289°, especially if heating 
was too rapid at first. 

4 - Zefo - 1 - vmthoxy - 3 - (S' - nitrophenyl) -3:4- dihydrophthalazine 
crystallised from alcohol in long, colourless, prismatic needles, m. p- 
182° (Found: C, 60-8; H, 3-9; N, 14-3; OMe, 10-2. 
requires 0, 60-6; H, 3-7; N, 14-1; OMe, 10-4%); it is readily 
soluble in chloroform, ethyl acetate, glacial acetic acid, and toluene. 
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and insoluble in dilute mineral acids or alkalis. Wken 1 g. was 
heated with glacial acetic acid and twice the volume of hydrobromic 
acid in a sealed tube at 100° for J hour, 1 : 4:-diketo-3-{Z'-nitropJienyl)- 
tetrahydropMh(da 2 i%e separated on cooling, and after crystallisation 
from alcoL)! formed colourless needles, m. p. 280° (Found : C, 59-6 ; 
H, 3-3; N, 14-8. C 14 H 9 O 4 N 3 requires C, 594; H, 3 - 2 ; N, 14-8%). 
It is insoluble in dilute mineral acids, but soluble in dilute sodium 
carbonate with a pale yellow colour. 

Z' -Nitro-Z-pJmylpUhdaz~4:-one. — ^Alcoholio solutions of o-phthal- 
aldehydic add and ire-nitrophenylhydrazine were boiled under reflux 
as described for the 4'-nitro-isomeride {he. eit.). .After removal of 
about one-half of the alcohol, the hdxm form of the phenylhydr- 
azone separated in small, orange crystals, m. p. 240° after becoming 
colourless at 200° (Found : C, 58*7 ; H, 4*0; N, 14’6. CJ 4 H 11 O 4 N 3 
requires C, 58-9; H, 3 * 9 ; N, 14-7%). It is sparin^y soluble in 
dilute hydrochloric acid and soluble in dilute sodium carbonate, 
but acidification of the alkaline solution gave 3 '-nitro- 3 -phenyi- 
phthalaz-4-one and not the hydrazone, and the same substance 
was obtained in attempts to recrystallise the lactone form from 
alcohol or pyridine. Ike pMkalazone was prepared most con- 
veniently by boiling a nitrobenzene solution for a short time, and, 
after cooling, crystallised in colourless needles, m. p. 240° (Found : 
C, 62-8; H, 3-5; N, 16*0. CuEjOaNg requires 0, 62-9; H, 34; 
N, 15-7 %). It is soluble in alcohol, insoluble in sodium carbonate 
or hydroxide, and very sparingly soluble in hydrochloric acid. It 
neither forms a picrate nor reacts with methyl sulphate. 

Z'-Amirh-Z-pMnylpMhaiaz-^one. — ^To a fine suspension of 3'-nitro- 
3-phenylphthalaz-4-one in boiling water, made alkaline with sodium 
hydroxide, hydrosidphite was added until a clear solution was 
obtained. After cooling, Z' -amim-Z-pTimylpUJwkizA-me separated, 
and on recrystaUisation from water formed colourless needles, m. p. 
156° (Found: C, 71-2; H, 4-8; N, 17-5. Oi 4 HiiON ’3 requires C, 
70'9; H, 4-6; N, 17 •7%). It forms a hydrochloride, clusters of 
colourless needles, and can be diazotised. 

We desire to thank Alliance Colour and Chemical Co., and British 
Dyestuffs Corporation for gifts of sodium p-naphthol-l-sulphonate. 

Mukicipaii CouiEOe or T^cheoloqy, Leeds UmvEssiiy. 

Maeobesxbb. \Beixived, July 24lh, 1928.] 
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GEKBAED AND KENYON : INVESTIGATIONS ON THE 


GCCXXXIX . — Investigations on the Dependence of 
Botatory Power on Chemical Constitution. Part 
XXXII. The Besolution of Phenylhenzylcarbinol. 

By William Gesrard and Joseph Kenyon. 

In view of the marked alterations in rotatory power and rotatory 
dispersion which are efiected when an aromatic nucleus is intro- 
duced into the molecule of an aliphatic secondary alcohol (compare 
inter alia^ Part XXV, J., 1925, 127, 1094), it seemed desirable to 
study the effect of the introduction of two aromatic nuclei into the 
molecule of an aliphatic secondary alcohol. 

With this object in view, the optically active modifications of 
phenylhenzylcarbinol have been prepared and their optical pro- 
perties examined. The noteworthy results of this investigation are 
as follows : The effect of temperature on the rotatory power of 
the alcohol is very marked (Table I), there being a ten-fold increase 
on cooling from 125® to 20°, and the specific rotatory power of this 
alcohol at 20° is the largest yet recorded for a secondary alcohol ; 
at the same time the rotatory dispersion ratio changes 

from 2*57 at 126° to 1-79 at 20°. The effect of solvents on the 
rotatory power is also very pronounced (Table II), the value of 
changing from — ll-O® in pyridine solution to +64d° in ethyl- 
alcoholic solution, whilst in benzene solution the rotatory dispersion 
is anomalous. When the values of the specific rotatory powers 
of the alcohol in the homogeneous state are plotted against the 
squares of the wave-lengths of light used, the resulting curve is 
non-linear. 

The acetate of Z-phenylbenzylcarbinol, which is dextrorotatory, 
increases in rotatory power with rise of temperature, the values 
being given in Table III. 

Phenylhenzylcarbinol has already been obtained in an optically 
active condition by Levene {J, Biol. Ghem., 1926, 65, 507) by the 
method herein described, but the rotatory power obtained ([ajg* 
+ 18'54°) indicates that the resolution was incomplete. 

Experimental, 

Phenylbenzylcarbmol was prepared by adding an ethereal solu- 
tion of benzaldehyde (96 g.) to a vigorously stirred and ice-cold 
ethereal solution of benzyl magnesium chloride, prepared from 
126 g. of benzyl chloride, and working up the product in the usual 
way. The crude carbinol (m. p. 61°) was purified by crystallisation 
from light petroleum containing 5% of benzene, being thus obtained 
as white needles, m. p. 67°, b. p. 177°/15 mm. ; yield 154 g., 78%. 
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Pheaylbeotizylcarbinyl hydrogen phthalate, prepared by heating 
a mixture of the carbinol (120 g.) and phthaKc anhydride (90 g., 
previously crystallised from dry chloroform to remove traces of 
phthalic acid) at 120° for 24 hours and working up the product in 
the usual manner, was obtained (192 g., 91%), after crystallisation 
from a mixture of ether and light petroleum, in small needles, 
m. p. 131° (Pound, by titration with NaOH: M, 347. Calc.: 
if, 346). 

d.-PTienyWenzyTmrbinyl Hydrogen PUMlate. — Quinine (110 g.) was 
dissolved in a hot solution of d2-phenylbenzylcarbinyl hydrogen 
phthalate (100 g.) in* acetone (200 o.c.), and the resulting <2A,ZB 
salt, which separated on standing, was removed by filtration and 
recrystallised four times from 1|- times its weight of ethyl alcohol, 
the rotatory power of the d-phenylbenzylcarbinyl hydrogen phthalate 
obtained from it by decomposition having then become constant. 
The pure quinine salt forms soft, silky needles, m. p. 205° (decomp.), 
which are too insoluble in cold solvents to allow of its rotatory 
power being determined ; it was dissolved in the minimum amount 
of hot alcohol and the solution poured into a slight excess of dilute 
hydrochloric acid; the precipitated <i-hydrogen phthalic ester, after 
washing and drying, was crystallised from acetic acid (40 c.c. of 
90%) and subsequently from ether-light petroleum, being obtained 
as fine needles, m. p. 131° ; yield 31 g., a further 7 g. being obtained 
by working up the mother-liquors : [a]g* +32-75°, [aj^ +38*75° 
(c = 6*0, in ethyl alcohol, 99%). 

l-PJienylbenzylcarbinyl Hydrogen Phthalate, — The partially active 
Z-hydrogen phthalic ester (50 g. ; [a]l£i —30*7° in alcohol), obtained 
by the decomposition of the more soluble fractions of the quinine 
salt, was dissolved in methyl alcohol (150 c.c.) and the hot solution 
mixed with cinchonine (42*5 g.). The ZA,d!B salt, which separated 
from the solution on standing, after four recrystallisations from 
methyl alcohol containing 10% of acetone reached constancy of 
m. p., 110°, and of rotatory power, +82*3° (c == 4*90 in ethyl 
alcohol). The pure cinchonine salt was dissolved in hot alcohol 
and decomposition effected as described above. The recrystallised 
Z-phenylbenzylcarbinyl hydrogen phthalate has m. p. 131° and 
[a]s 48 i —38-80° (c = 6*00 in ethyl alcohol) ; yield 31 g. 

d- and l-PhenylbenzyhcurbinoU, — ^The free carbinols were obtained 
by gently boiling for 16 minutes the respective hydrogen phthalic 
esters with a slight excess of dilute aqueous sodium hydroxide. 
The liberated alcohols were extracted with ether and subsequently 
crystallised from ether-light petroleum ; they each have m. p* 
Their rotatory powers are given in Table I. 

l-Phenylbenzyharbinyl acetate (l-oL^'-diphenyUthyl acetate)^ prepm^ 
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by the slo'Vf addition of acetyl chloride {3 g.) to a solution of Z-phenyl- 
benzylcarbinol (6 g.) in dry p3Tidine (15 c.c.), was obtained as a 
colourless oil (6-3 g.), b. p. 182°/15 mm. (Foxmd, by hydrolysis with 
alcoholic potassium hydroxide : M, 241. CijHigOj requires M, 
240) ; + 28-00“. 


Table I. 

Specific rotatory powers of d-phenylbenzyloaxhinol in the 
homogeneous state at different temperatures. 


[“3x- 


L 

4358. 

5461. 

5780. 

5893. 

6708. 


125° 

+ 16-70° 

4- 6*51° 

4- 5*22° 

4- 5*03° 

4- 3*41° 

2*569 

115 

20*59 

8*68 

7-21 

6*70 

4*98 

2-373 

100 

28*65 

12*92 

11-18 

10*30 

7*42 

2*217 

90 

36-00 

16*57 

14-38 

13*39 

10*32 

2*112 

80 

41*61 

20*40 

17*68 

16*80 

12*85 

2*039 

70 

51*00 

25*40 

22*12 

20*64 

16*06 

2*007 

60 

61*90 

31*82 

27*88 

26*11 

20*20 

1*945 

By extrapolation : 
20 120*2 

67*1 




1*79 


Table II. 

(a) Specific rotatory powers of d-phenylbenzylcarbinol in various 
solvents (c = 5-00). 


[«f- 

S **4gSM 

Solvent. 435S. 5461. 5780. 6893. 6708. ag^ei* 

Pyridine - 14*15'= -^11*00® -10*20° - 9*81° - 8*45'= 1*28 

Chlorofoim - 12-02 - 9*71 - 9*10 - S*60 - 7*65 1*24 

Carbon disulph- 
ide - 9*00 - 8*15 - 7*50 - 7*20 - 6*45 1*11 

Benzene - 0*20 - 3*00 - 3*00 - 3-00 - 3*00 0*07 

Carbon tetra- 
chloride + 6*90 4* 1*0 4- 0-6 4- 0*5 4- 0*2 6*9 

Acetone -i- 44*63 4-22*10 4-19*1 4-17*8 4-18*7 2*19 

Ethyl alcohol ... 4-120*8 4-64*091 

Ethyl alcohol {?- V 4-55*3 4-52-S 4-38*7 1*88 

carbinol) — — 64*04 J 

Ethyl alcohol (at 

17°) 4-126*8 4-65*4 4-67*2 — — 1*93 


(6) Specific rotatory powers of d-phenylbenzylearbinyl hydrogen 
phthalate in various solvents (c = 6*00). 


Acetone 4-32*8° 4-14*71° 4.12*50° 4-12*01° 4-11*00° — t 

Benzene — 9-71 — 9*1 — 9*0 — 8*9 — 7*7 — 

Chloroform — 6-3 — 6*1 — 4*7 — 4-6 — 4*3 — 

Ethyl alcohol ... 4-38*76 — — -f-32*75 — — 

Ethyl alcohol (Z- 

ester) —38*80 — — — — — 
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Table m. 

Specific rotatory powers of the acetate of i-phenylbenzylcarhinol 
in the homogeneous state at difierent temperatures. 


wr. 


~4aae 


t 

4358. 

5461. 

6780. 

5893. 

6708. 

®S401 

130® 

+ 78*18® 

+43-81® 

+ 38-46® 

+ 36-86® 

+ 27-82® 

1-784 

120 

76*54 

43-09 

37*92 

36-18 

26-66 

1-776 

110 

74-94 

42-02 

37-26 

35-38 

26-31 

1-776 

90 

70*98 

40-33 

36-62 

34-49 

26-25 

1-760 

80 

66*43 

38-06 

33-22 

31-81 

23-85 

1-745 

50 

69*75 

36-15 

30-28 

29-00 

22-02 

1*698 

30 

52-24 

31*09 

27-07 

25*66 

19-61 

1-680 

17 

47-12 

28-00 

24-52 

23-51 

17-69 

1-682 


The specific rotatory power of this ester determined at 17® was 
found to be unchanged after the above data had been obtained, 
A portion of the ester was hydrolysed and the resulting carbinol 
possessed a rotatory power identical with that of the carbinol from 
which the ester was prepared. It is thus evident that no racemis- 
ation had taken place during either the esterification or the subse- 
quent heating of the ester. 

Determirmtion of Densities , — 

d-Phenylbenzylcarbinol : df. = 1*0358 at 70®> 1*0251 at 86®, 
1*0210 at 92®, 1*0162 at 100®, 1*0096 at 110®, 1*0031 at 120®. 

21-Phenylbenzylcarbinyl acetate : = 1*0831 at 17°, 1*0723 at 

30®, 1*0652 at 60®, 1*0380 at 70°, 1*0214 at 90®, 1*0041 at 110®, 
0*9958 at 120®, 0*9870 at 130®. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for a grant which has helped 
to defray the cost of this investigation. 

Battersea Polytechnic, S.W. 11. [Eeceived, July 4th, 1928.] 


CCCXL . — The Mobility of Symmetrical Triad (Proto- 
tropic*) Systems. Part III. Three-carbon Proto- 
tropy in an ay-DiphenylaUyl Ethe/r. 

By Charles William Shoppeb. 

In a recent communication (Burton and Ingold, this vol., p. 908, 
footnote), it was su^ested that the transformation of a-arylated 
allyl alcohols to saturated ketones in the presence of alcoholic alkali 

* This word has been added to the serial title to indicate the exclusion of 
triad aniotioiropic systems which are being concurrently investigated in 
laboratories. ' ^ 
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(TifEeneau, BvlL Soc. chim., 1907, 1, 1209; Noimira, ibid,, 1925, 
37, 1245) occurred through the pinacoKc electron displacement : 



Alternatively, the change may be regarded as proceeding by three- 
carbon prototropy (a) succeeded by ketonisation (6) : 

0[H] 0[H] (] 

E-C{H}-CH=CHIl' R-C=CH-CH{H}R' R-C-CH[H]-CH{H}R' 

In a paper (Ingold, Shoppee, and Thorpe, J., 1926, 1480) dealing 
with the mechanism of tautomerism in the so-called three-carbon 
system CH-CIC-CIO (which, according to the view there advanced, 
is not a symmetrical triad system but a pentad keto-enol complex ; 
see also Ingold, Ann, Report, 1927, 24, 114), it was shown that 
hydroxyl, and still better ethoxyl, ions should be extremely powerful 
catalysts for the ap-Py change. When the theoretical reason for 
this is examined, it is seen to apply not only to this special case, but 
to the whole of prototropy, and thus, having regard to the experi- 
mental conditions of the reaction considered by Burton and Ingold, 
it seemed possible that the mobility of a truly triad three-carbon 
system was under observation. Since this condition has not pre- 
viously been established, except for systems involved in a ring 
(c.gr., indene; Ingold and Kggott, J., 1923, 123, 1469; compare 
Goss and Ingold, this vol., p. 1268), the mechanism of the reaction 
referred to appeared worthy of study. 

An attempt is now described to differentiate between the mechan- 
isms formulated above by investigating an ether of t3rpe (I). Here 
pinacolic electron displacement cannot occur, for there can be no 
ionisation of the alkyl group E, with consequent formation of an 
electron source to constitute the driving force of the rearrangement. 
On the other hand, three-carbon prototropy can take place with 

(I.) r'-ch(oe)-ch:chr" r'-c(0R):ch-ch2R'' (h.) 

production of the isomeride (EE), corresponding with process (a) 
above, but the substituent E» will prevent further change [process 
(6) above]. Thus, if pinacolic electron displacement is the mechan- 
ism underlying the first-mentioned transformation, an ether of type 
(I) will be unaffected by treatment with alcoholic sodium ethoxide ; 
but if the rearrangement can take place by a three-carbon proto- 
tropic change, equilibration of the ethers (I) and (II) is to be antici- 
pated. 
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The ether examined was bis-ay-dipJienylallyl ether (III), an 
nnsaturated crystalline solid which yields a tetrabromide (IV), and 
on fission with ozone gives benzaldehyde and benzoic acid. 

CeHs-CH-CH-i^GH-CgHg CgHg^pH-CHBr-CHBr-CgHs 
(m.) O 0 (IV.) 

CeHs-CH-CH^rCH-CsHg CeHg-CH-CHBr'CHBr-CeHs 

This ether was heated with alcoholic sodium ethoxide, and the 
absence of an appreciable amount of phenyl |3-phenylethyl ketone, 
which would be formed if hydrolysis of the ether linldng occurred, 
was shown by treatment with semicarbazide. The product was a 
liquid isomeric with the ether (IH) ; it was shown to consist essentially 
of the ether (V), since on fission with ozone it ^fielded the products, 
phenylacetaldehyde and benzoic acid, to be expected from a com- 
pound of this constitution. 

CeHs-CrinCH-CHa-CeHs + 2CHO-CH2-CeH5 

(V.) o 6 

CsH6-C3:=CH-CH2-CsH 5 CgHj-CO 2C8H6-C02H 


Treatment with bromine confirmed this structure, four atoms 
being absorbed ; the product, however, was not a saturated tetra- 
bromide (VI) isomeric with (IV), but an unsaturated dibromide 
(VII), evidently formed from (VI) as a consequence of the well- 

known instability of halogens in a-halogeno-ethers ( 

—2HBr 

(VI.) (CH2Ph'CHBr*CBrPh)20 ^ (aEaPh-CBrlCPh)^© (VII.) 



The position of equilibrium in hot alcoholic sodium ethoxide favours 
the isomeride (V) very largely, and it thus appears that the com- 
bined electronic afiinities (inductive effect) represented in 

^q^O(H)*C:C are sufficient to produce (under the catalytic con- 


ditions mentioned) tautomeric mobility in a three-carbon system 
which is of a particularly simple type, since it is not implicated in a 
“ developed ” keto-enol complex. 

Whether the reaction discussed by Burton and Ingold is to be 
represented by the first or the second of the mechanisms formulated 
at the outset cannot yet be decided, but the possibility of the 
second mechanism is clearly established by the example herein 
described. 

Experimental. 


Bis-oLy-diphenylallyl Ether (HI). — ay-Biphenylallyl alcohol was 
prepared from cinnamaldehyde and phenyl magnesium broi^4^,^ 
and had m. p. 58° after crystallisation from ligroin (b. p. " 

4p2 
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The alcohol (15 g.), dissolved in glacial acetic acid, was treated with 
75 g. of a 30% solution of hydrogen bromide in glacial acetic acid in 
the cold, and the mixture stirred for 2 hours. Pouring on ice, 
extraction with ether, washing (sodium hydrogen carbonate), 
drying, and evaporation of the ethereal extract yielded an oil which 
soon crystallised. After rubbing with a mixture of ether and ligroin, 
the ether was collected. It crystallised from ligroin (b. p. 60 — 80®), 
or from a large volume of methyl alcohol, in jSne, rhombic prisms, 
m. p. 98 — 99® (Pound: C, 89-5, 89*7; H, 6-6, 6*7. CgoH^gO requires 
C,89*5; H,6*5%); yield, 13 g. 

Ether (IV). — ^The above ether 
(1*0 g.), dissolved in chloroform, was treated with a chloroform 
solution of bromine ; absorption of 2 mols. took place readily, and 
removal of the solvent 3 n[elded a pale yellow oil (Pound : C, 50*1 ; 
H, 3*9. C3oH260Br4 requjres C, 49*9; H, 3*6%). 

Ozo7iolysis of the Ether (III). — solution of the ether (2*0 g.) in 
glacial acetic acid was treated with ozonised oxygen, and after 
decomposition of the ozonides, the product was separated into 
neutral and acid fractions. The former had the characteristic 
odour of benzaldehyde, which was identified as the phenylhydrazone, 
m. p. 166®; the 3 deld was small, but the acid fraction, which con- 
sisted entirely of benzoic acid, was correspondingly large. 

Bi8-wy-diphe7iylpropenyl Ether (V). — ^The ether (III) (2*0 g.) was 
added to a solution of sodium (2*0 g.) in 99*5% ethyl alcohol (25 c.c.), 
and the mixture boiled under reflux for 2 hours on a sand-bath. 
The product was poured into much water and extracted with 
ether, and the dried extract evaporated. The yellow oil obtained 
(Pound : C, 88*5 ; H, 6*6. CaoHgeO requires C, 89*5 ; H, 6*5%) 
decomposed on distillation in a vacuum; it was treated with 
alcoholic semicarbazide acetate solution for a week, but no semi- 
carbazone separated, and the oil was recovered by pouring the 
solution into water and extraction with ether. 

Bis-^-bromo^dy-diphenylpropenyl Ether (VII). — ^The crude ether 
(V) was treated with 2*5 mols. of bromine in chloroform solution. 
Addition took place at first, but hydrogen bromide was soon evolved. 
Hydrogen bromide and chloroform were removed by evaporation on 
the steam-bath ; the oil obtained, which did not solidify when kept 
over potash in a vacuum, was dissolved in ether, and the solution 
filtered and evaporated. Analysis indicates that, although not 
quite pure, the product consists essentially of the dibromo-compound 
(VII) (Pound: C, 62*0; H, 4*1. CsoHg^OBrg requires C, 64*3; 
H, 4*3%). It quickly decolorises an alkaline solution of perman- 
ganate in aqueous acetone. 

Ozonolysis of the Ether (V). — ^The ether (2*0 g.), dissolved in glacial 
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acetic acid, was treated with ozonised oxygen. After decomposition 
of the ozonides, the product was separated into neutral and acid 
fractions. The former on treatment with alcoholic semicarbazide 
acetate solution jdelded a fluffy precipitate after several days 
(absence of benzaldehyde) ; this was ffltered off, and after two 
crystallisations from methyl alcohol, separated in needles, m. p. 
153°, identified as phenylacetaldehydesemicarbazone. The acid 
fraction was systematically crystallised from ligroin ; benzoic acid 
was obtained, but no trace of phenylacetio acid could be detected. 

Phenyl ^-PhenyUthyl Ketone Semicarhazone, — ^The ketone, m. j). 
72 — 73°, prepared by the method of Perkin and Stenhouse (J., 1891, 
59, 1007), was treated with alcoholic semicarbazide acetate solution, 
and the semicarbazone crystallised out during 24 hours ; it separated 
from dilute alcohol in needles, m. p. 144° (Found : C, 72-0; H, 64. 
requires C, 71*9 ; H, 64%). 

The author wishes to express his thanks to Professor C. K. Ingold, 
F.R.S., for his interest and advice, and to the Royal Commissioners 
of the 1851 Exhibition for a Senior Studentship, 

The TJnivebsity, Leeds. [Received, August mh, 1928.] 


CCGXLI . — Conditions of Formation of Rings attached 
to the 0-, m-, and '^•'Positions of the Benzene 
Nucleus. Part III. 

By Alan Francis Titlby. 

In Part I of this series (J,, 1922, 121, 1562) the scope of the proposed 
investigation was defined as (i) the determination of the limit of 
size of rings which can be attached to the ortho-positions of the 
benzene nucleus, and (ii) an enquiry into the possibility of syn- 
thesising such rings in the meta- and para-series. 

The synthesis of rings of this second type had been previously 
claimed by von Braun and his collaborators (JBer., 1912, 45, 1274; 
1918, 51, 1217, 1225; 1919, 52, 2015; 1925, 58, 281), and in one 
case (von Braun, Karpf, and Garn, Rer,, 1920, 63, 98) a supposed 
heterocyclic meta-ring ’’ was converted into a homocyclic ring. 
It was shown, however, m Part II of this series (J., 1926, 508), that 
in this particular instance both the supposed heterocyclic and 
homocyclic “meta-rings’* of von Braun were in reality benzene 
compounds containing simple side-chains in the meta-positions* > '• 
In the present communication some further results of khC' 
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application of the Dieckmann reaction (the standard reaction 
chosen) to esters of the tj^e 


a ECH^ln-GOaE 
COgR 


and 


a LCHaVCOaR 
[CHaln-CO^R 


are describedj together "with some attempts to effect meta- and 
para-ring closure by the same methods. 

Five-TMuvbered Ring . — ^The formation of a five-membered ring by 
the action of sodium on o-phenylenediacetic ester was described in 
Part I (Zoc. cit.). It is now found that condensation occurs, though 
less readily, when one of the reacting carbethoxy-groups is directly 
attached to the benzene nucleus. Thus, sodium reacts with a 
toluene solution of ethyl ^-o-rnrhethoxyphenylpropionMe (I) at 100°, 
forming ethyl sodio-l-hydrindone-2-carboxylate (II), about 20% of 
the ester (I) apparently being saponified. Acidification of the 



sodium derivative yielded ethyl l-hydrindone-2-carboxylate (com- 
pare ilitchell and Thorpe, J., 1910, 97, 2273), which was hydrolysed 
almost quantitatively by acids or alkalis to 1-hydrindone (compare 
Part I, p. 1563). The phenylhydrazone of this ester, or a mixture 
of it with dry phenylhydrazine hydrochloride, was converted by 
concentrated hydrochloric acid into 2 ; Z-indeno{l : 2)4ndole (III), 



the jy-methyl compound of which has been described by Arm i t, and 
Robinson (J., 1922, 121, 838). 

Ethyl 2-methyl-l-hydrindone-2-carboxylate (IV) was readily 
obtained by the action of methyl iodide on (11) (Mitchell and 
Thorpe, he. ciL). The introduction of the methyl group into the 
1-hydrindone ring appears to decrease the reactivity of the ketonic 
grouping, since, unlike the l-methyl-2-hydrmdone-l -carboxylic 
ester, the above ester does not readily form a phenylhydrazone or a 
semicarbazide. In both esters, however, the stability of the ring is 
decreased. Thus, on hydrolysis, (IV) yields, in addition to 2-methyl- 
l-hydrindone (Mitchell and Thorpe, loc. cit.), ^•o^ctiTboxyphenyUBO^ 
butyric acid. These results are of some importance in connexion 
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with those obtained in attempting to prepare meta- and para-ring 
structures. 

8ix-membered Ring , — ^The formation of ketotetrahydronaphthal- 
enecarboxylic acids by the dehydration of various y-phenylbutyric 
acids has been investigated by Attwood, Stevenson, and Thorpe (J., 
1923, 123, 1755), who have shown that p-substituted phenyl- 
butyric acids, which contain in addition another carboxyl group, 
rea^y yield the six-membered ring under the action of sulphuric 
acid at room temperature. TJnsubstituted phenylbutyric acid, 
however, according to KroUpfeiffer and Schafer (JScr., 1923, 56, 
620), is not dehydrated at room temperature and only to the extent 
of 50% at 100°. 

The “ internal acetoacetic ester ” condensation 


O CHo-CHa'CHo-COoEt 
CO^Et 


2Na 


k^XCO-zCNa-COaEt 


-f-lTaOEt 


gives a 70% yield in toluene at 100°, and therefore does not take 
place so readily as either of the two reactions previously described 
leading to the formation of five-membered rings. 

Ethyl 1-keto-l : 2 : 3 : 4-tetrahydronaphthalene-2-carboxylate 
(compare Htickel and Goth, J5er., 1924, 57, 1286) is almost quantit- 
atively converted on hydrolysis with acids or alkalis into 1-keto- 
1:2:3: 4-tetrahydronaphthalene (a-tetralon) ; it does not give a 
crystalline phenylhydrazone but, on treatment with phenyl- 
hydrazine hydrochloride and hydrochloric acid, it yielded 
1 ; 247idolo{2 : 3)-3 : 4:-dihydronaphtJialeiie (V), and its sodio-deriv- 
ative is methylated by methyl iodide to ethyl l-i6io-2-mei%?- 



® ^^CO-CMe-COaEt 


(VI.) 


1:2:3: 4t~tetrahydronaph1^iale7ie-’2-carboxylate (VI) ; by acid hydro- 
lysis (VI) is quantitatively converted into l-ieto-2-W6%i;-l : 2 : 3 : 4- 
Uirahydrormph&ialenet whilst alkaline hydrolysis yields a mixture 
of this ketone with y’^O'-mrboxyphenyl-oL-methyJbvtyric dcid^ again 
pointing to a destabilisation of the saturated ring on the addition of 
a methyl group. 

Seven-rnmiJbered Bing, — o-Phenylenedipropionic ester (VIE) was 
found to be only slowly attacked by finely divided sodium in tolw^;^i 
at 100°, being almost entirely saponified; about 2 — 3%, howevW, 
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condensed to give (Till), which was characterised by means of its 
pkmylhydmzone. IVom these results the formation of a seven- 


(TIL) 


,CH2-CH2-C02Et 

CHa-CHg-COgEt 



membered ring by the condensation of two three-membered side- 
chains in the ortho-position does not appear to be easily brought 
about. The formation of 1-ketophenheptamethylene from S-phenyl- 
valeryl chloride by the Eriedel-Crafts reaction (Kipping and 
Hunter, J., 1903, 83, 246) and the more recent work of von Braun 
and Bayer 1927, 60, 1257) suggest, however, the probability 
that ring-closure by means of the Dieckmaim reaction on o-carboxy- 
phenylvaleric ester might be more readily effected. 

m- and ^-Ring-closure . — ^From the theoretical standpoint there 
appears to be no valid reason why meta- and para-ring structures 
should not be capable of a stable existence, but the uncertainty of 
the benzene structure and the possibility that the rings would not 
be co-planar render it difficult to predict the most favourable 
conditions for their formation. The attempts described below to 
prepare such rings by the methods used for ortho-ring formation led 
to no conclusive result, but illustrate the difficulties of the problem. 
The action of sodium at 100® on toluene solutions of the following 
esters was investigated (R = Me or Et) : 


weto-Series. pam-Series. 

p „ ^X-COgR (IX) : X^CgH^; (X) : 

COgR (XI) : X= — ; Y=CaHi. (XH) : X= — ; Y=CoH4. 
(XIH) : X=CHa; Y^CHa- (XIV) : X^CH,; Y=CHo. 
(XV):X==CH2; Y= . 


Certain regularities of behaviour were observed. Thus (IX) and 
(X) (Ei = Et) and (XII) (R = Me) were only very slowly acted on 
by sodium with gradual formation of the sodium salt of the acid. 
There was no trace of ring-formation or condensation reactions. On 
the other hand, (XI) (R = Me), (XIII) and (XW) (R = Me and Et), 
and (XV) (R = Me) reacted with sodium almost as readily as the 
corresponding ortho-esters imder the same conditions, giving 
mixtures of sodium salts of the acids with unstable condensation 
products of varying degrees of molecular complexity, which could 
not be purified by distillation. 

By employing the methyl esters, however, and methylating the 
resulting so^um compounds with methyl iodide, the products of 
the reaction could be separated by distillation under greatly reduced 
pressure. In addition to highly complex condensation products. 
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bimolecular compounds were isolated, presumably of bridged- 
ring structure of the type shown 
(from Xni). 

Finally, in each case a lower- 
boiling product was obtained, con- 
sisting mainly of the dimethyl 
ester, regenerated by the action of 
the methyl iodide on the disodium salt of the acid which had been 
produced in the original reaction. The hydrolysis of these low- 
boiling fractions yielded, in the case of (XIII) and (XIV), not only 
the simple acids, but also small quantities of the a-methylated acids 
(XVI) and (XVII), respectively. From (XI), the a-methylated acid 



“CO- 


lMe*CO*Ca 



e-COgH 


(XVI.) 



(XVni) was similarly obtained, the position of the methyl group in 
this instance being settled by synthesising the acid for comparison. 
On the other hand, no a-methylated acid was obtained in this way 
from (XV). 

These two facts appeared to render it doubtful whether the form- 
ation of these a-methylated acids could be safely attributed to 
direct methylation of an a-methylene group, in each open-chain 
ester, which had been rendered slightly acid in character by 
its position between the phenyl and carbethoxy-groupings. It 
appeared possible that traces of meta- and para-ring compounds, 
e.gr., of the type (XIX) from (XI), were actually present in the low- 
boiling fractions, which gave rise to the a-methylated acids, e.gr., 
(XVIII), on hydrolysis. The low-boiling fractions were carefully 


^CHg-CHMe-COaH 

(xvni.) 




examined for traces of ketonic substances, but none could be 
detected. The possibility is nevertheless not entirely excluded 
because, as previously mentioned, the keto-group in methylated 
hydrindonecarboxylic esters of the normal type is not very reactive. 

The mechanism by which the esters appear to be directly con- 
verted in toluene solution into the sodium salts of the corresponding 
acids is somewhat obscure and is being further investigated. 


Experimental. 

^-o-Carboxyphenylpropionic Acid, — o-Aldehydobenzoic acid (26 f .) 
is condensed with malonic acid (45 g.) in glacial acetic 
(20 g.) in presence of anhydrous sodium acetate (16 g.}. . Thfe 
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mixture is heated for 8 — 10 hours at 100 ®, cooled, and diluted with 
150 c.c. of water, whereby monohydrated phthalideacetic acid, 
m. p. 102 — 104°, is precipitated in nearly quantitative yield. 
(Drying in a steam-oven gives the anhydrous acid, m. p. 151°; 
compare Edwards, J., 1926, 813.) This condensation may also be 
effected in dry p 3 rridine solution containing a trace of piperidine, the 
yield being practically the same. The acid is boiled with an excess 
of 25% sodium hydroxide for about 2 hours, cooled in ice, and 
acidified with the theoretical quantity of dilute hydrochloric acid ; 
o-carboxycinnamie acid then separates as a thick pasty mass, which 
is filtered and washed with a large volume first of cold and then of 
boiling water. The crude acid melts at 194°, and after recrystal- 
lisation from alcohol forms small prisms, m. p. 197° (Found: C, 
62-5; H, 4*2. Calc, for C 10 H 8 O 4 : C, 62-5; H, 4-2%). EhrHch 
(MoTiatsh,, 1888, 9, 528), Edwards (tec. cit.), and Gabriel give m. p. 
184°, 182°, and 173 — 175° respectively, but the acid passes into 
phthalideacetic acid on melting, for on re-melting it has m. p. 151°. 

The o-carboxycinnamic acid is reduced by means of sodium 
amalgam to o-earbox 3 ^henylpropionic acid, m. p. after recrystal- 
lisation 167° (Bamberger, JBer., 1890, 23, 1562, gives m. p. 165°) ; 
esterification of the latter acid by saturation of its bofling solution in 
ethyl alcohol with dry hydrogen chloride gives the ethyl ester, b. p. 
182 — 183°/14 mm. (Found: C, 67*0; H, 7-11. Ci4Hi804 requires 
0,67-2; H,7-20%). 

Ethyl \-HydTindom-2~carboxylate . — ^Metallic sodium (5 g.) is 
finely granulated by shaking under boiling toluene (100 g.), and a 
solution of o-carboxyphenylpropionic ester (24 g.) in toluene (50 g.) 
is added. The reaction proceeds smoothly at 100° and is complete 
in 4 — 5 hours ; the resulting sodium compound (11) dissolves to a 
considerable extent in the toluene (compare Sidgwick and Brewer, J., 
1925, 127, 2381) and is precipitated on addition of dry ether. On 
decomposition with dilute acid, l-hydrindone-2-carboxylic ester 
separates as an orange oil, b. p. 179 — 180° /15 mm. (slight decomp.) 
(Found : C, 70*8 ; H, 6-0. Calc, : C, 70-6 ; H, 5-9%) (MitcheU and 
Thorpe, tec. cit, give b. p. 185°/20 mm.); the phenylhydrazone 
(Found : C, 73-5 ; H, 6-35 ; 3?, 9-5. Calc. : C, 73-5 ; H, 6-1 ; N, 9-5%) 
has m. p. 103° (Mitchell and Thorpe, tec. ciL^ give m. p. 101-5°). 

Hydrolysis, The ester (5 g.) was mixed with an aqueous solution 
of 2-5 g. of sodium hydroxide and kept at room temperature for 
24 hours ; a-hydrindone separated as an oil in almost quantitative 
yield ; h. p. 164 — 166° /20 mm., m. p. 39°. The phenylhydrazone 
had m, p. 130° (compare Idebermann, Ber,, 1898, 31, 2081). 

2 ; Z~Irdem{l : 2)4ndoU (III). — l-Hydrmdone-2-carboxylio ester 
(4 g.), mixed with dry phenylhydrazine hydrochloride (2-8 g.) and 
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two drops of concentrated hydrochloric acid, is heated first on the 
water-bath and afterwards at 150° for about 2 minutes ; the solid 
brownish cake is broken up, washed with water, and extracted with 
hot methyl alcohol. On cooling, small brownish-red plates are 
deposited, m. p. 251° (Found : IT, 6 * 6 , CigHuN requires IT, 6 * 8 %). 

Ethyl 2-MethyUhhydrindone-2-carboxylate. — l-Hydrindone-2-carb- 
oxylic ester (10 g.) was converted into the sodium derivative by 
adding its ethereal solution to sodium previously granulated under 
toluene. The bright yellow, flocculent mass was collected, washed 
with a little dry ether, suspended in 100 c.c. of alcohol and 
boiled with 10 g. of methyl iodide for 3 hours. The ester which 
separated on addition of water boiled at 166°/14 mm, (MitcheU and 
Thorpe, he. cit., give b. p. 181°/20 mm.) and solidified in long prisms, 
m. p. 31° (Found : C, 71*5 ; H, 6*5. Calc, for C 13 H 14 O 3 : C, 71*5 ; 
H, 6*4%). The ester, on boiling with 20% methyl-alcoholic potash, 
was hydrolysed to the extent of about 60% to 2 -methyl- 1 -hydrindone, 
b. p. 125 — 126°/18 mm. (Found: C, 81*8; H, 6 * 8 . Calc. : C, 82*2; 
H, 6 * 8 %), and to the extent of about 40% to ^~o~carboxyphenyljBo- 
butyric acid, colourless needles, m. p. 141° (Found: C, 63*4; H, 
5*8. C 11 H 12 O 4 requires C, 63*5 ; H, 5*8%). 

Ethyl y-o~Oarbetk)xyphenyl-ri-butyrate . — ^The acid was obtained by 
the method of Hiickel and Goth (he. cit.), and its ethyl ester, 
prepared in the usual manner, had b. p. 188 — 189°/14 mm, (Found : 
C, 68 * 0 ; H, 7*7, C 15 H 20 O 4 requires C, 68*2; H, 7*6%), 

Ethyl l-Keto-l : 2 : 3 : 4:-tetrahydr(maphth4de7ie^2-ca/rboxyl<xte . — ^The 
preceding ester (19 g.) was slowly added to sodium (3*5 g.) dispersed 
in toluene (100 g.). The reaction was complete after 6 — 7 hours 
at 100°. After addition of a little Mcohol to decompose traces of 
unchanged sodium, powdered ice was added, and the mixture made 
just acid by the addition of 16 c.c. of concentrated hydrochloric acid. 
The toluene layer was separated, washed with sodium carbonate 
solution, dried, and the solvent removed under diminished 
pressure ; 10 g, of crude l-ketotetrahydronaphthalene- 2 -carboxylio 
ester (65% yield) were obtained, b. p. 183°/15 mm., m. p. 33° 
(Hiickel and Goth give m. p, 34°). From the aqueous layer and 
sodium carbonate washings 3 — 4 g. of o-carboxyphenylbutyric acid 
were obtained on evaporation. 

When warmed to 150° with the calculated quantity of phenyl- 
hydrazine hydrochloride and a little concentrated hydrochloric acid, 
the foregoing ester yields 1 : 24ndoh{2 : 3)-3 : 4c-dihydr(maphthale7ie 
(V), dark reddish plates, m. p. 161° (Found : N, 6 * 3 . 
requires IT, 6*4%). . ' 

Ethyl l‘Keto-2-methyl-l ; 2 : 3 : ^-tetrabydroimphthalene-2r00iin^:^ 
oxylate (VI).— An alcoholic solution of 11 g. of the ketonie 



257S TITLET : CONDITIONS OF FOEMATION OF BINGS 

added to 1*2 g. of sodium, previously dissolved in 20 o.e. of ethyl 
alcohol. After the addition of 15 g. of methyl iodide, the mixture 
is boiled for 2 — 3 hours, evaporated to a small bulk, and poured into 
water. The methyl compound separates as a colourless oil with a 
terpene-like odour; b. p. 183 — 184°/1S mm. {Found: C, 72*0; 
H, 6*9. requires C, 724; H, 6*9%). On steam distil- 

lation with 20 % sulphuric acid, this is converted into l‘keto-2-methyU 
tetrahydronaphthalene, b. p. 143®/20 mm. (Found : C, 82*0 ; H, 7-6. 

requires G, 82*5 ; H, 7*5%), whereas alkaline hydrolysis with 
10 % methyl-alcoholic potash gives a mixture of the above ketone 
T^ith y- 0 ‘carboxyphenyl-a.-me{hylbutyric acid, prisms, m. p. 173^^ 
(Found: C, 64*9; H, 6 - 6 . CigHiA requires C, 64*9; H, 6-3%). 
The decrease in stability of the saturated ring on the addition of 
the methyl group is very strikingly exemplified in this instance, 
since the unmethylated ester is hydrolysed to o-carboxyphenyl- 
butyric acid only by sodium and boiling cycZohexanol, and then to 
an extent of not more than 20 %. 

Ethyl o-Phenylenedipropiomte (VII). — ^The acid was prepared by 
the method of Perkin (J., 1888, 53, 18) ; after purification by means 
of the diethyl ester, it had m. p. 168"^ (Perkin found m. p. 160 — 162°, 
“ not very sharply ”). The ethyl ester had b. p. 200 — ^ 202°/12 mm. 
(Found : 0, 69*0 ; H, 7*8. C 1 SH 22 O 4 requires C, 69*1 ; H, 7*9%). 

Action of sodkvm on the ethyl ester. To sodium (1*8 g.), dispersed 
in toluene (60 g.), was added <?-phenylenedipropionic ester ( 11*6 g.) 
dissolved in toluene (15 g.), and the mixture heated on the water- 
bath. After 9 hours, the toluene was filled with a deposit of brown 
sodium compounds and no imohanged metallic sodium could be 
detected. The sodium derivatives were filtered off rapidly, 
washed with dry ether, and decomposed with dilute hydrochloric 
acid. The brown, flocculent, oily material which separated was 
extracted with ether, and the ethereal solution thoroughly washed 
with sodium carbonate solution ; on acidification of these sodium 
carbonate' washings, a large quantity of a brownish powder was 
precipitated, which, after recrystallisation from dilute alcohol, 
formed microscopic prisms, m. p. 167 — 168°, and was found on 
analysis to be o-phenylenedipropionio acid; this acid (9 g.) con- 
stituted the main product of the reaction. From the ethereal 
solution was obtained about 0*5 g. of a brownish oil of b. p. approx. 
190°/15 mm., which gave an immediate purple colour with ferric 
chloride. The amount was not sufficient for purification but, on 
warming with phenylhydrazme at 100 ° and then adding alcohol, a 
crystalline phenylhydraz&nevre& obtained which formed straw-yellow 
needles, m. p, 198° (decomp.), from hot alcohol (Found : 0, 74*6 ; 
H, 6 - 8 : N, 8*55. requires 0, 74*5; H, 6 * 8 ; N, 8 - 7 %). 
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This phenylhydrazone is thus almost certainly derived from ethyl 
3-kefophe7iikeptamethylene-2’Carboxylate (VIII) . 

Action of Sodium on m- and "p-Phenylenediacetic Esters. 

These esters are conveniently obtained from the corresponding 
nitriles (see Part II, loc. cit.) by simultaneous hydrolysis and esteri- 
fication by means of the appropriate alcohol saturated with dry 
hydrogen chloride. Methyl m-phenyleTiediacetate has b. p. 185 — 
187®/15 mm. (Found: C, 64-9; H, 6-3. Ci2Hi404 requires C, 
64-8 ; H, 6*3%). Ethyl m-phenyle7iediacetate has b. p. 188 — 189'^/12 
mm. (Pound: 0, 66*8; H, 7-3. C14H18O4 requires 0, 67^2; H, 
7*2%). Methyl ^•‘pJmiylenediacetate has b. p. 189 — 190°/15 mm. 
(Found : C, 64*6; H, 6*2%). Ethyl p-phenylenediaeetate has m. p. 
59° (Found: 0,66-9; H, 7-1%). 

Ethyl ??i-phenylenediacetate (48 g.) was slowly added to metallic 
sodium (10 g.) fihety granulated under toluene (150 g.) . On warming 
on the water-bath, a vigorous reaction set in which was complete in 
about 20 minutes. The mass of brown sodium compounds was 
filtered off quickly, washed with a large volume of dry ether, 
and dried in a vacuum. An iodoform test show’ed that con- 
siderable quantities of sodium ethoxide were present. The sodium 
compounds were decomposed with the theoretical quantity of ice- 
cold dilute hydrochloric acid and the viscous yellow product was 
extracted with ether. Free m-phenylenediacetic acid was removed 
by shaking with dilute sodium carbonate, and the ethereal solution 
dried and distilled. The syrup so obtained, on removal of the last 
traces of ether in a vacuum, set to a solid sticky mass, which softened 
and melted at 30 — 40° and decomposed vigorously above 100° 
(Found: 0, 70*8; H, 6*3. C42H12O3 requires 0, 70-6; H, 5*9%). 
This compound showed no tendency to crystallise on standing for 
9 months or on cooling to —40°, whilst attempts at distillation under 
pressures as low as 0-3 mm. led to complete decomposition, with 
formation of a homy, shellac-like mass. The alcoholic solution 
gave a deep purple colour with ferric chloride and a deep green 
copper salt with copper acetate, indicating the presence of a keto- 
enol structure, but no crystalline compound with phenylhydrazine 
could be isolated. Hydrolysis with alcoholic potash gave rise to 
yellowish, insoluble resins. 

Almost precisely similar results were obtained with ethyl ^^-phenyl* 
enediacetate, but the syrupy product obtained combined fairly 
readily with phenylhydrazine, yielding an amorphous, red, glassy 
mass. This was extracted with boiling methyl alcohol, and the 
solution poured into a large volume of dry ether. A small quauiSty 
of microscopic yellow needles was obtained w^hich softened at 19®^ 
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and melted at 194 — 195® (Found: C, 73-6 ;H, 6*3; N, 9*5. 0i8Hig02N2 
requires C, 73-5 ; H, 6-1 ; N, 9-5%). As this j^hmylhydrazone was 
obtained in very small yield and its molecular weight was not 
determined, it cannot be regarded as positive evidence of the 
formation of a p-P-hydrindonecarboxylic ester. 

The action of sodium on the two dimethyl esters was carried out 
in a similar manner. The sodium compounds were mixed with 
dry methyl alcohol and a slight excess of methyl iodide and boiled 
for 12 hours. The solution was then poured into water, and the 
methylated product extracted with ether, dried, and distilled under 
1 mm. pressure. Starting with methyl 5»i-phenylenediacetate, 
three main fractions were obtained : (a) b. p. 131 — 135°, (6) b. p. 
217 — 222°, (c) 270° and upwards ; (c) was not further investigated, as 
it appeared to be of a high degree of molecular complexity. The 
compouTid constituting the middle fraction (6) probably has the 
bridged-ring structure (p. 2675) (Found: C, 70-2; H, 6*3; M, 
cryoscopic in acetic acid, 418. C24H240g requires C, 70*6 ; H, 5*9% ; 
Jf, 408); on hydrolysis with 2 — 3% methyl-alcoholic potash it 
gives about a 40% yield of a colourless, amorphous powder, which 
is insoluble in sodium carbonate but dissolves in warm dilute 
sodium hydroxide. This svbsiaTvce, which appears to be a lactone 
or acid anhydride, sinters at 340° and melts fairly sharply at 345 — 
346° (Found: C, 72*5; H, 5*1. CagHigOg requires G, 72*9; H, 
5‘0%). 

The low-boiling fraction (a) redistilled at 182 — 190°/15 mm. and 
could not be further separated by fractionation. After hydrolysis 
with dilute methyl-alcoholic potash, the crude acid obtained was 
extracted with cold chloroform until the insoluble residue melted 
sharply at 169° (pure m-phenylenediacetio acid). The soluble 
portion was fractionally recrystallised from water to remove traces 
of the above acid from the more soluble phenyleTie-l^acetic-S-oL- 
propionic acid (XVI), m. p. 132° (Found: 0, 63*6; H, 6*0. 
requires C, 63*5 ; BE, 5-8%). 

The action of sodium on methyl p-phenylenediacetate gave similar 
results. The middle fraction had b. p. 225 — ^228°/l mm. (Found : 
C, 70*3; H, 6*2. Ca4H240g requires C, 70*6; H, 6*9%). On 
hydrolysis, the low-boiling fraction (188 — 192°/16 mm.) gave a 
mixture of p-phenylenediacetic acid, m. p. 244°, and phenylene-l- 
acetic-4,-a-propionic acid (XVII), m. p. 189° (Found : 0, 63*3 ; H, 
5-9, CiiHiA requires 0, 63*5 ; H, 5*8%). 

Action of Sodium on m- and 'g-Carboxyphenylpropionic Esters, 

Preparation of Esters, — m-Carboxyphenylpropionic acid was 
prepared by condensing isophthalaldehydic acid (Davies, Perkin, 
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and Clayton, J., 1922, 121, 2215) with malonic acid in glacial acetic 
acid or pyridine to obtain m-carboxycinnamic acid, needles, m. p. 
275° (corr.) (Simonis, JBer., 1912, 45, 1684, gives m. p. 264°) (Found : 
C, 62-6 ; H, 4-3. Calc. : C, 62-6 ; H, 4-2%), and reducing this with 
sodium amalgam and sodium carbonate solution to m-carboxyphenyU 
propionic acid, plates, m. p. 177° (Found: C, 61*6; H, 6-25. 
C 10 H 10 O 4 requires C, 61*8; H, 5-2%). The methyl ester, prepared 
from this in the usual way, had b. p. 184 — 185°/15 mm. (Found : 
C, 64*9; H, 6*5. O 12 H 14 O 4 requires 0, 64*9; H, 6*3%). 

p-Carboxyphenylpropionic acid was prepared by two methods. 
( 1 ) ^-Toluoyl chloride (1 mol.) treated at 185 — 190° with bromine 
(2 atoms) gave a mixture of co-bromo-p-toluoyl chloride, b. p. 155 — 
156°/20mm., and <^-bromo-p4oluoyl bromide, b. p. 170 — 171°/20mm., 
m. p. 56° (Found: Br, 57*8. CgHgOBra requires Br, 57*5%), 
together with some high-boiling material which was not distilled but 
appeared to consist of a mixture of toco-dibromo-p-toluoyl chloride 
and bromide, since, on mixing with- alcohol it yielded ethyl (na-di- 
bromo-p-ioluate, hexagonal prisms, m. p. 103° (Found : C, 36*8 ; H, 
3*08. OioHioOgBra requires 0, 37*2; H, 3*10%). Ethyl co- 6 romo-p- 
toluate, prepared from the mixture of monobromo-acid chloride and 
bromide, has b. p. 165°/18 mm. and crystallises in needles, m. p. 
35 — 36° (Found: Br, 32*7. CioHnOgBr requires Br, 32'9%); 
when condensed with chloromalonic ester, it gives a fair yield of 
ethyl chloro-’p-carbethoxybenzylmalonate, b. p. 235°/20 mm., m. p. 

54 — 55° (Found ; Cl, 9*95, CiyHgiOgCl requires Cl, 9*81%), which, 
on reduction with zinc dust and acetic acid, yields ethyl p-ca^beihx>xy- 
benzylmalonate, b. p. 218— 219°/16 mm. (Found : C, 62-8 ; H, 6 * 6 . 
Ci 7 H 220 g requires C, 63*2; H, 6 - 8 %). On hydrolysis this is con- 
verted into ^-carboxybenzylmalonic acid, a microcrystalline powder, 
m. p. 186 — 188° (Found : C, 55*5; H, 4-6. GnHioOe requires C, 

55- 4 ; H, 4-3%). The dicarboxylic acid does not lose carbon dioxide 
readily, but on heating to 240° it is converted into p-carboxyphenyl- 
propionic acid, m. p. 294° (Found; C, 62*0; H, 5-2. Calc. : C, 
61-8 ; H, 5-2%), The yields in the last stages of this synthesis are 
not good. 

( 2 ) The condensation of terephthalaldehydio acid with malonic 
acid gave a good yield of p-carboxycinnamic acid, a highly insoluble 
powder which, after subliming a little from 350° upwards, melts at 
358° (decomp.) (Low, Annalen, 1885, 231 , 367, gave no m. p.) 
(Found: C, 62-7; H, 4*3. Calc.: C, 62*5; H, 4*2%). The acid 
cannot be purified by recrystaUisation, and this is best effected by 
converting it into the ethyl ester, which crystallises from dilute 
alcohol in prisms, m. p. 52° (Found : C, 67-5; H, 6 - 6 . 
requires 0, 67-8 ; H, 6'5%). On reduction of y-oajboxydnmii|S|#i 
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acid with sodium amalgam and sodium carbonate, jp-carboxj^henyl- 
propionic acid, m. p. 294"^ (compare above) is obtained (Moses, Ber., 
1900, 33, 2626, gave m. p. 280®). The methyl ester crystallises 
from chloroform in prisms, m. p. 33® (Found: 0, 64-6; H, 647. 
C12H14O4 requires C, 64-9 ; H, 6-3%). 

Methyl m-carboxjqphenylpropionate (27 g.), dissolved in toluene 
(20 g.), was added to sodium (5*6 g.) dispersed in toluene (60 g.), and 
the mixture heated for 12 hours on the water-bath. The sodium 
compounds were filtered off rapidl}^ washed with ether, sus- 
pended in 100 g. of dry methyl alcohol and, after the addition of 
40 g. of methyl iodide, boiled for 3 hours. On distilling the product 
under 1 mm. pressure, two fractions were obtained at about 140°/ 
1 mm. and 27o°/l mm. The low-boiling fraction redistilled at 183 — 
I87715 mm. and weighed 7*2 g. (Found: C, 66*0; H, 6-5%); 
7 g. were hydrotysed in a sealed tube at 100° with 16 g. of 10% 
methyl-alcoholic potash, and on addition of water a clear brown 
solution was obtained, there being no evidence of ketone formation. 
The acidified solution was extracted with ether and yielded 6 g. of 
acid ; two treatments of this crude product with 30 g. of cold chloro- 
form extracted 1*55 g. and the residue then had m. p. 177°, thus 
being pure m-carboxyphenylpropionic acid. The chloroform- 
soluble acid was reorystallised several times from chloroform and 
finally from water to constant m. p. 137 — 138° (corr.) (Found : C, 
63-6; H, 5*8. C11H12O4 requires C, 63'5; H, 6-8%). It was 
proved to be ^-m-carboxyphenylmobutyric acid (XVIII) by the 
following sjmthesis. 

m-Toluoyl chloride was chlorinated at 160 — 165°, until the gain 
in weight was equivalent to one atom of chlorine. This gave a 90% 
yield of (a’Chloro-m-tolmyl chloride^ b. p. 149 — 150°/20 mm. (Found : 
Cl, 37*2. GgHgOClg requires Q, 37*6%), which on mixing with 
alcohol yielded ethyl b. p. 168 — 169°/25 mm, 

(Fomd : G, 60*2; H, 5*7; Cl, 17-6. requires C, 60*4; 

H, 5*5 ; Cl, 17*9%). This chloro-ester condensed with sodiomethyl- 
malonic ester to give ethyl m-carbethoxybenzyhiethyhialonate, which 
distilled without decomposition at 234°/24 mm. (Pound : C, 63*8 ; H, 
7-0. ^ CjgHg^Og requires C, 64*3 ; H, 7-1%). The corresponding acarf, 
obtained on hydrolysis, is a miorocrystalline powder fairly soluble 
in water, m. p. 182—183° (decomp.). On heating to 186° until 
no more carbon dioxide is evolved, it is converted into p-wi-carboxy- 
phenylisobutyric acid. The crude product had m. p. 136—137°, 
but after conversion to the m^hyl ester, b. p. 182°/18 mm., distilling, 
and re-hydrolysing, it crystallised from water in small prisms, m. p. 
138—139° (Pound : C, 63*7 ; H, 5*9%). The mixed m. p. of this 
acid with that obtained above was 138°. 
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m- and ^-PhenyUnedipropionic Esters. — ^The respective a-cids were 
obtained by the method of Kipping (J., 1888, 53, 21). Ethyl 
m-phenylenedipropionate has b. p. 197 — 198°/15 mm. (Found : 
0,68-8; H, 7-95. requires 0, 69-1 ; H, 7-9%). Ethyl 

p-phenylenedipropionate crystallises in plates, m. p. 69® (Found : C, 
68-9; H, 7:8%). 

My thanks are due to the Ramsay Memorial Trustees for a 
Fellowship, during the tenure of which the greater part of this work 
was carried out, and to Professor W. H. Perkin for his advice. 

The Byson Pebbins L-ajbobatoby, 

OxroBD. [Beceivedy April ith, 1928.] 


C'CCXLII . — Stereoisomerism in Polycyclic Systems. 

Part V. 

By WiLLiAiki Hejoiy Peekin, jmi., and Sydney Glenn 
Preston Plant, 

It has been shown that although the reduction of tetrahydro- 
carbazole with tin and hydrochloric acid in aqueous alcohol leads 
almost entirely to the oia-modification of hexahydrocarbazole, the 
trans- being produced in only small amount (Gurney, Perkin, and 
Plant, J., 1927, 2676), yet the reduction of 2 : 3-dihydroquinindene 
under similar conditions gives relatively large quantities of both the 
cis- and the imTis-form of 2 : 3 : 4 : 6 : 12 ; 13-hexahydroqumindene 
(Perkin and Plant, this voL, p. 639). These facts were found to 
be in accordance with the deductions which could be drawn from a 
consideration of the relative strains in the various multiplanar 
configurations. The present communication deals with an exten- 
sion of these considerations to some systems containing seven- 
membered rings. Owing to the fact that the multiplanar cyclo- 
heptane ring can pass by free rotation into a strainless phase in which 
the trails valencies of two neighbouring carbon atoms, when pro- 
jected on to a plane at right angles to the line joining these two 
atoms, enclose only a very small angle, it appears that there 



should be relatively less strain in the ^m7i5-configuration of 
2:3:4:5:11: l2-hexahydroheptindole (II) thanin^mws-hexahydro-; 
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carbazole. It was thoiiglit, therefore, that the reduction of 
2:3:4; 54etrahydrokeptindole * (III) with tin and hydrochloric 
acid in aqueous alcohol might lead to relatively large quantities of 
both the stereoisomeric hexahydro-derivatives (I) and (II). 

2:3:4: 5-Tetrahydroheptindole has been prepared by JFischer’s 
indole synthesis from suberonephenylhydrazone, its reduction under 
the above conditions has been investigated, and the product has been 
found to consist almost entirely of a single form (presumably the 
cis-, since this is likely to be the less strained) of 2 : 3 : 4 : 5 : 11 ; 12- 
hexahydroheptindole, not more than 6% of any stereoisomeride 
being present. This modification of hexahydroheptindole is basic, 
readily yielding a picraU^ and acetyl and henzoyl derivatives. The 
isolation of the small quantity of the second form, which may 
possibly be present here as it was in the case of hexahydrocarbazole, 
was not attempted on account of the difi&culty of obtaining the large 
amounts of suberone which would be required for such an investig- 
ation. 

The results obtamed in the above investigations suggested that 
a study of the reduction of 7 : 8 : 9 : 10-tetrahydroheptaquinoline f 
(IV) to 5 : 7 : 8 : 9 : 10 : 11 ; 14 ; 16-octahydroheptaquinoline (V) 
would be interesting. In this instance, as in the case of octahydro* 
acridine (Perkin and Sedgwick, J., 1924, 125, 2437) and of 
2 : 3 : 4 : 6 : 12 ; IS-hexahydroquinindene (VI) (Perkin and Plant, 
Zoc, cfi.), there should be very little difference in the strains of the 



two stereoisomeric octahydro-derivatives, and relatively large quan- 
tities of the two forms should again be produced. We have pre- 

* This substance is regarded as derived from the hypothetical parent 
compound “ heptindole,’* 



t This substance is regarded as derived from the hypothetical parent com- 
pound heptaquinoline,” 
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pared 7:8:9: lO-tetrahydroheptaquinoline by the elimination of 
carbon dioxide from 7:8:9: lO-tetrahydroheptaquinolme-ll-carb- 
oxylic acid (compare Borsche, Anmlen, 1910, 377, 122), and have 
found that on reduction by means of tin and hydrochloric acid in 
aqueous-alcoholic solution it 3 delds an oily base. By benzoylation 
(see Experimental), this was shown to consist almost entirely of 
one of the two possible forms of 5 : 7 : 8 : 9 : 10 : 11 : 14 : IS-octa- 
hydrohepiuguimlim, admixed with a small amount of the unreduced 
tetrahydro-compound, The failure to isolate more than one 
stereoisomeride in these two reduced systems containing 7-membered 
rings is surprising and difficult to explain. Previous work in this 
field has indicated that the constitution of the product is influenced 
by the nature of the reducing agent used and depends also upon the 
nature of the starting material. It was hoped, therefore, that the 
second stereoisomeride of 5 : 7 : 8 : 9 : 10 : 11 : 14 : 15-octahydro- 
heptaquinoline would result from the reduction of W-Tceto- 
6 : 7 : 8 : 9 : 10 : IhhexahydroheptaquiTioline (VII) vith sodium 
amalgam. We have prepared this keto-derivative by condensing 
anthranilic acid with suberone, but have found that reduction under 
these conditions and subsequent benzoylation of the oily product 
yields a single benzoyl derivative identical with that obtained by 
the previous method. 


CO H2H2 CO Hg 



NHH2H2 NHHg 


In Part I of this series (J., 1924, 125, 2437), the formation of 
the two stereoisomeric octahydroacridines (A, m. p. 82°, and B, 
m. p. 72°) by the reduction of tetrahydroacridine with tin and 
hydrochloric acid in aqueous alcohol is described. The more recent 
developments of this work have made it desirable to determine the 
relative amounts of the two modifications produced under these 
conditions, and we have now found that the ratio of octahydro- 
acridine (A) to octahydroacridine (B) in the product is approximately 
1 to 4, The reduction of tetrahydroacridone with sodium amalgam 
yielded entirely octahydroacridine (A) (Perkin and Sedgwick, Zoc. 
ciZ.), but it has been found during the course of the present work 
that the action of tin and hydrochloric acid on tetrahydroacridone 
in aqueous alcohol is to give a small quantity of a base which appears 
to be one of the two possible (VIII). This strpfet ^ 

lure is confirmed by the fact that it gives an oxime (p. 2590), 
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Experimental. 

2:8:4: 5-TeiraJiydrdkepU7idole . — ^After equal weights of suberone 
and phenylhydrazine had been warmed together on the water-bath 
for 5 minutes and then cooled, the product solidified, and suberone- 
phenylhydrazone could be obtained from dilute alcohol in colourless 
needles, m. p. 72°. When a mixture of the crude hydrazone (18 g.), 
water (360 c.c.), and concentrated sulphuric acid (20 c.o.) was heated 
on the water-bath for 25 minutes with frequent shaking, 2 : 3 : 4 : 5- 
tetraJiydroheptindole (11 g.) gradually separated in a practically pure 
condition. On crystallisation from alcohol it was isolated in colour- 
less plates, m. p, 144° (Found : N, 7-4. C 13 H 15 IT requires N, 7*6%). 
The picrate was obtained from hot alcohol in dark crimson plates, 
m. p. 142°. 

2:3:4:5:11: 12-HexahydroliepUridole , — A mixture of 2 : 3 : 4 : 5* 
tetrahydroheptindole (10 g.), alcohol (30 c.c.), granulated tin (30 g.), 
and concentrated hydrochloric acid (30 c.c.) was boiled under 
reflux for 5 hours, filtered, the tin residues washed with a little hot 
alcohol, and the alcohol distilled off from the united filtrates. After 
being made alkaline with a concentrated aqueous solution of sodium 
hydroxide (30 g.) and cooled, the whole was filtered through asbestos, 
and both the solid and the filtrate were extracted with ether. The 
solid residue then remaining was dissolved in dilute hydrochloric 
acid, the solution was made alkaline with aqueous sodium hydroxide 
and again extracted with ether. When the united ethereal solutions 
were dried over potassium carbonate and the solvent removed, the 
residue solidified on cooling. On crystallising from alcohol, 
2:3:4:5:11: 12-Jiexahydro}iepti7idole (2*9 g.) separated in colour- 
less plates, m, p. 77°, unaltered by further recrystallisation (Found ; 
0, 834; H, 9-2. requires C, 834; H, 9-1%). After 

removal of the solvent from the alcohoHc filtrate, the residue melted 
at 67 — ^70°, and crystallisation of this from a small quantity of alcohol 
yielded a further quantity (3*3 g.) of the hexahydroheptindole, m. p. 
72 — ^74° (mixed m. p. 73 — ^75°). The solvent was then again 
removed from the filtrate, and the residue extracted with dilute 
hydrochloric acid, which left a small quantity of a dark red, resinous 
material. After the acid solution had been made alkaline with 
ammonia, the base obtained (2*0 g., m. p. 46 — 55°) was treated in 
hot alcohol with picric acid (2-5 g.). The piorate (24 g., equivalent 
to 1-1 g. of base) which separated, m.p. 176° (decomp.), proved to 
be identical with the piorate of 2 : 3 : 4 : 6 : 11 : 12 -hexahydrohept. 
indole described below, and, on decomposition with aqueous sodium 
hydroxide, it yielded the base, m.p. 77°. The alcohoKe filtrate from 
the picrate was shaken with ether and dilute aqueous sodium 
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hydroxide, and the ethereal solution extracted with dilute hydro- 
cMoric acid. The small amount (0*6 g.) of base obtained by making 
this acid solution alkaline with ammonia melted at 36 — 46°, and on 
benzoylation gave a product which, after crystallisation from methyl 
alcohol, yielded 0*2 g. of the benzoyl derivative described below. 
It is thus apparent that not more than a very small quantity of any 
second stereoisomeride can be present in the product of the reduction 
of 2 : 3 : 4 : o-tetrahydroheptindole by the above method. 

2:3:4:5:11 : 12-Hexahydroheptindole forms a sparingly soluble 
hydrochloride^ but this dissolves in much water, and the base is 
reprecipitated by adding ammonia. When the product obtained by 
boiling a solution of the base in acetic anhydride for 16 minutes, 
cooling and shaking with water, was crystallised from dilute alcohol, 
lO‘acetyl-2 : 3 : 4 : 5 : 11 : l2-hexahydroheptindole was obtained in 
long, silky, colourless needles, m. p. 87° (Found : N, 6*3. 
requires N, 6*1 %). When the base was shaken with benzoyl chloride 
and aqueous sodium hydroxide, 10-benzoyh2 : 3 : 4 : 5 : 11 : 12- 
hexahydroheptirtdole resulted ; it separated from alcohol in clusters 
of colourless prisms, m. p. 116° (Found : N, 4-9. CgoHajON requires 
N, 4-8%). The picrate of the base was isolated from alcohol in 
yellow prisms, m. p. 176° (decomp.). 

7-J?romo-2 : 3 : 4 : 54etrahydroheptindole, — ^When suberone (4 g.) 
and jp-bromophenylhydrazme (6 g.) were mixed in a small quantity 
of hot alcohol, mberom-p-bromophenylhydrazone separated, on 
cooling, in colourless plates, m. p. 57°, which quickly decomposed on 
exposure to the air. The alcoholic mixture was added to water 
(600 c.c.) containing concentrated sulphuric acid (60 c.c.), and the 
whole was boiled for 10 minutes. The product separated as a dark 
red oil, which solidified on cooling, and, after crystallisation from 
alcohol, l-bromo-2 : 3 : 4 : 54etrahydroheptindole was obtained in 
colourless plates, m. p. 129 — 130° {Foimd: N, 5*5. Ci 3 Hi 4 NBr 
requires N, 5*3%). It is not basic, being precipitated from its 
solution in concentrated sulphuric acid by pouring into water. The 
reduction of this substance by means of tin and hydrochloric acid 
in aqueous alcohol was studied, but partial debromination occurred 
during the process. 

Seduction o/ 7 : 8 : 9 : 10~Tetrahydroheptaquinoline. — mixture of 
7:8:9: 10-tetrahydroheptaquinoline (12 g., prepared from suberone 
and isatin as described by Borsche, he, cit,), alcohol (60 c.c.), con- 
centrated hydrochloric acid (60 c.c.), and granulated tin (60 g.) was 
boiled under reflux for 9 hours, a further quantity (20 c.c.) of 
hydrochloric acid being added after 5 hours. The liquid was theh 
filtered, the solid residue washed with alcohol, and as much aloOW 
as possible removed by distillation from the united liquors, 'Itke 
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residue was made alkaline by the addition of a concentrated aqueous 
solution of sodium hydroxide (80 g.), and extracted several times 
with ether. After the extract had been dried over potassium carb- 
onate and the solvent removed, the residual oil, which could not be 
made to solidify, was shaken with dilute aqueous sodium hydroxide 
and benzoyl chloride (15 g.). The solid product was dissolved in a 
considerable quantity of ether, the solution shaken with dilute 
hydrochloric acid, which removed a quantity (2*3 g., isolated by 
making the acid solution alkaline) of unreduced 7:8:9: 10- 
tetrahydroheptaquinoline, dried over calcium chloride, and the 
solvent distilled off. The solid residue (13*3 g.) melted at 
133 — 137°, and after crystallisation from alcohol, 5-benzoyl- 
5 : 7 : 8 : 9 : 10 : 11 : 14 : l5-oGtahydroheptaquinoline{9^Zg.)se^ei3:Bjted 
in colourless prisms, m. p. 145° (Found : C, 82*8 ; H, 7*6. C21H23ON 
requires C, 82*6 ; H, 7*5%). By concentrating the alcoholic mother- 
liquor, a further quantity (1*1 g.) of the benzoyl compound was 
obtained, and it is clear that no appreciable quantity of a stereo- 
isomeride of this benzoyl compound can be present. 

5 : 7 : 8 : 9 : 10 : 11 : 14 : 15-Ociahydrohspta^imUm , — solution 
of the benzoyl derivative (m. p. 145°) in aqueous-alcoholic potassium 
hydroxide was boiled for 24 hours, the alcohol removed, and the 
residue shaken with ether and water. The base was removed from 
the unchanged benzoyl compound, which was also present in the 
ether, by extraction with dilute hydrochloric acid, recovered by 
adding ammonia, and taken up in ether. 5 : 7 : 8 : 9 : 10 : 11 : 14 : 15- 
Ociahydrokeptaquinoline was collected as a colourless oil, b. p. 
203°/24 mm. (Found : C, 83*9 ; H, 9*2. C14H19N requires 0, 83*6 ; 
H, 9*4%). Its picmte separated from alcohol in orange-red prisms, 
m. p. 196°. 

ll-Keto-5 : 7 : 8 : 9 : 10 : ll-hexahydrohept(zquinoUm , — ^This sub- 
stance was obtained by a process analogous to that used by Tiedtke 
(Ber.i 1909, 42, 624) for the preparation of tetrahydroacridone. 
Anthranilic acid (3*5 g.) and suberone (4 c.c.) were heated together 
at 120° for an hour and then at 210° for 15 minutes. The solid was 
boiled for IJ hours with benzene, in which it is sparingly soluble, 
collected, and crystallised from alcohol ; ll-keto-5 : 7 : 8 : 9 : 10 : 11- 
h&x(Jiydrokeptaq^^ then separated in colourless plates, m. p. 
344 — 345° (Found : N, 6*5. requires N, 6*6%). 

The keto-oompound (6 g.), dissolved in boiling alcohol (300 c.c.) 
to which a little sodium bicarbonate had been added, was treated 
gradually at 80° with sodium amalgam (450 g. of 4%), the whole 
being vigorously stirred and carbon dioxide being passed continu- 
ously. After 6 hours, the mixture was filtered, the solid washed 
with alcohol, and the alcohol removed from the united filtrates 
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under reduced pressure. The residue was shaken with ether and 
water, the ether layer dried over potassium carbonate, and the solvent 
removed. After distilling under reduced pressure, the residual oil 
did not soHdify, and, on shaking with benzoyl chloride (4*5 g.) 
and dilute aqueous sodium hydroxide, it yielded 5-benzoyl- 
5* 7 : 8 : 9 : 10 : 11 : 14 : 15-octahydroheptaquinoline, isolated from 
alcohol in colourless prisms, m. p. 145°. The mixture with the 
benzoyl compound obtained from the reduction product of 
7:8:9; 10-tetrahydroheptaquinoline also melted at 145°. 

Beduction of Tetrahydroacridine with Tin and Aqueous-alcoholic 
Hydrochloric Acid, — A mixture of tetrahydroacridine (27 g.), alcohol 
(100 C.C.), concentrated hydrochloric acid (100 c.c.), and granulated 
tin (100 g.) was boiled xmder reflux for 6 hours, filtered, and the 
alcohol distilled off from the filtrate. The residue, after being made 
alkaline with sodium hydroxide (100 g. in concentrated aqueous 
solution), was extractedrepeatedly with ether ; from the extract, dried 
over potassium carbonate, a product was obtained which solidified 
on cooling and was crystallised from petroleum (b. p. 40 — 60°). 
Octahydroacridine (B) (6*7 g.) separated, and a further quantity 
(3*0 g.) was obtained by concentrating the mother-liquor. The 
petroleum was then completely removed, the residue heated to boil- 
ing for J hour with an excess of acetic anhydride, and the whole 
shaken with water (1500 c.c.) and left for several hours. The solid 
product was extracted with ether, and from the aqueous layer a small 
quantity (1*3 g.) of unchanged tetrahydroacridine was obtained by 
making it alkaline with ammonia and extracting it with ether. The 
extract containing the acetyl derivatives was shaken with dilute 
aqueous sodium carbonate, dried over calcium chloride, the solvent 
removed, and the residue crystallised from alcohol, 10-acetylocta- 
hydroacridine (B) (7-0 g,, m. p. 135 — 136°) being thus obtained ; by 
distilling off the alcohol from the mother-liquor and crystallising the 
product from petroleum (b. p. 60 — 80°), a further quantity (1*7 g.) 
of the same substance was collected. After the mother-liquor was 
again evaporated to dryness, the residue was treated with potassium 
hydroxide (26 g.) in aqueous alcohol, and the whole boiled for 24 
hours. The mixture, after removal of the alcohol, was diluted with 
water and shaken with ether ; the ethereal layer was extracted with 
dilute hydrochloric acid and then evaporated, and the fact that no 
appreciable residue remained indicated complete hydrolysis of the 
acetyl derivatives. The aqueous acid solution was made alkaline 
with ammonia, and the basic product taken up in ether and dried 
with potassium carbonate. After removal of the ether, the residue 
(7*2 g.) solidified. It was dissolved in alcohol and treated with m, 
alcoholic solution of picric acid (10 g.), whereupon the piorat^ '^if' 
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octahydroacridine (A) (10*5 g., m. p. 198°) rapidly separated; the 
free (A) base was obtained from this by treatment with dilute aqueous 
sodium hydroxide and extraction with ether. The product remain- 
ing in the mother-liquor after removal of the picrate was clearly 
small and was essentially the picrate of octahydroacridine (B), for 
when the liquid was shaken with aqueous sodium hydroxide and 
ether, and the extracted base was crystallised from petroleum, 
octahydroacridine (B) (0*5 g., m. p. 72°) separated. The identities 
of the substances isolated wwe de^tely established by mixed m. p. 
determinations with the products obtained as described by Perkin 
and Sedgwick (Joe, cif.) ; the total amounts correspond to 17'3 g. of 
octahydroacridine (B) and 4*7 g. of octahydroacridine (A). 

Hexahydroacridone . — ^A mixture of tetrahydroaeridone (12 g.), 
alcohol (70 C.C.), concentrated hydrochloric acid (70 c.c.), and 
granulated tin (70 g.) was boiled for 6 hours, filtered, the alcohol 
removed, and the residue made alkaline with sodium hydroxide 
(70 g. in concentrated aqueous solution). After extraction with 
ether, drying with potassium carbonate, and removal of the solvent, 
the small quantity (about 0*5 g.) of solid obtained was crystallised 
from alcohol, from which hexahydroacridone separated in yehow 
plates, m. p. 180° (Pound: C, 774; H, 7*7. 0 i 3 Hi 50 ]Sr requires 
C, 77*6; H, 7*6%), The unreduced tetrahydroaeridone was 
recovered by acidifying the mixture after the ether extraction with 
concentrated hydrochloric acid, collecting the hydrochloride, dis- 
solving this in much water, and adding concentrated nitric acid. 
The nitrate of tetrahydroaeridone gradually separated in a pure con- 
dition, and the free base was obtained from this with sodium 
hydroxide. 

Hexahydroacridone, which is readily soluble in dilute hydrochloric 
acid, was treated in alcoholic solution with hydroxylamine hydro- 
chloride and sodium acetate, the mixture boiled for 2 hours, the 
alcohol distilled off, and the residue shaken with water. The oxime 
separated from alcohol in pale yellow prisms, m. p. 215 — ^216° 
(Pound : N, 13-1. CigHigONg requires N, 13*0%). 

The authors wish to express their gratitude to Professor J, P. 
Thorpe for his gift of the suberone used in this work, and one of them 
(S. G, P. P.) wishes gratefully to acknowledge the receipt of a grant 
from the Chemical Society Besearch Pund, which has defrayed a 
part of the cost of this investigation. 

The: Byson Pisbbiks Labobatoby, 

OXBOBD. 


[Beceived, My li&i, 1928.] 



SYNTHESIS OF CBBTAIN y-KETONIC AOIDS, ETC. PAST I. 2591 


COCXLIII . — Experiments on the Synthesis of Certain 
y-Ketonic Acids Closely Allied to Balbiand’s Acid. 
Part I, Synthesis of a-Methylcyolopentane-1 : 1- 
diacetic Acid, of the Lactone of a-Hydroxy-a-methyl- 
Gjolopentane-l : 1-diacetic Acid, and of l-Acetyl- 
oyolopentane-l-acetic Acid. 

By JoGBNDHA Chandra Bardhan. 

The outcome of Trork T^hich has been oaaiied out in these laboratories 
during the past few years has been to show that in certain pp-di- 
substituted ketoglutaric acids there exists a kind of tautomerism 
(keto-cyclol type) between the open-chain keto-form (I) and the 
hydroxy-ring form (11) (compare, e.g., Deshapande and Thorpe, 
J., 1922, 121, 1430; Bains and Thorpe, J., 1923, 1^, 1206). In 






the case of the corresponding acids containing an additional a-sub- 
stituent, howeTer, other factors come into play which considerably 
reduce the tendency to cycZopropane ring formation. The deter- 
mining conditions are well illustrated in the case of an acid CgHigOg 
(Balbiano’s acid), which has recently been dealt with by Kon, 
Stevenson, and Thorpe (J., 1922, 121, 660), by Pandya and Thorpe 
(J., 1926, 123, 2826), and by Rothstein, Stevenson, and Thorpe 
(J., 1925, 127, 1072). Here, the usual keto-cyclol change is com- 
pletely suspended, the substance exhibiting a marked tendency to 
pass into the lactol-fonn (HI), which in the liquid state or in solution 
comes into equilibrium with the tautomeric parent (IV). 


Me2'-O(0H)-C02H 


qMe,*CO*COaH 


<S: 


(HI.) 


!HMe-COaH 
(IV.) 


CHa-OBEav yCO-COaH 

»/\OHMe-CO,H 
(V.) 


CHj-CHa^ 


In view of the light which this phenomenon throws on the difficult 
question of the constitution of Balbiano’s acid, it seemed desirable 
to ascertaia the role played by the a-substituent, and, incidentally, 
to synthesise other keto-acids capable of exhibiting this kind of 
tautomerism. 

In the course of an extended series of investigations on spiro- 
and associated alicyclic compounds, Thorpe and his co-workers 
have shown that the angle of the ct/cfopentane ring fe very close to 
that included between the ^siw-dinethyl groupings (Becker - 
Thorpe, J., 1920, 117, 1679 ; Dickens, Kon, and Thorpe, J,, WSik/ 
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121, 1496; Lanfear and Thorpe, J., 1923, 123, 1683; Ingold, 
Lanfear, and Thorpe, ibid., p. 3140). It is to be expected, therefore, 
that the acid (V) would, if it could be synthesised, simulate the 
characteristic properties of Balbiano’s acid. A general method of 
synthesis of a-ketoglutaric acids, indicated many years ago by 
Perkin and Thorpe (J., 1901, 79, 737), consists in converting a 
substituted glutaric acid by means of the HeU-V olhard method into 
the dibromo-ester, from which the keto-acid is obtained either 
directly through the action of alkali or by further hydrolysis of the 
intermediate ci/cZopropane compounds through the agency of con- 
centrated hydrobromic acid. Unfortunately, the above reaction 
breaks down in the case of the corresponding glutaric acids con- 
taining an additional a-substituent, owing to the occurrence of an 
abnormal decomposition, whereby the dibromo-ester is transformed 
into oxalic acid and an acid of the acrylic series (compare Pandya 
and Thorpe, he. cit, p. 2855; also Kon, Smith, and Thorpe, J., 
1925, 127, 567). 

The necessity therefore arose of devising methods for the syn- 
thesis of apj3-trisubstituted ketoglutaric acids. A consideration of 
the conditions imder which Balbiano’s acid is produced showed that 
the synthesis of the ci/cZopentane acid (V) might be attained through 
the oxidation of (i) the lactonic acid (VI) and (ii) the spiro-compound 
(VII) by means of alkaline permanganate, and a number of experi- 

CH 2 .CH 2 . p^CH(C02H)-O 0H2-CH2>^^CH(C02H)-9H2 

N)HMe CO CH2-CH^^^CMe(CO,H)-CH2 

(VI.) (VII.) 

ments were made with this end in view. Although these attempts 
were unsuccessful, the results obtained led to the isolation of a 
number of substances of considerable interest. 

The starting point in these attempts was o^-methyhjcloperUane- 
1 : 1-iiacetic acid (X), which was prepared in quantity by methyl- 
ating the imide (VTII) and hydrolysing the resulting methylimide 
(IX) with mineral acid. The anhydride of the acid (X) on treatment 




(vni.) 




with the calculated amount of bromine gave a monobromo-compound 
(XI), which on hydrolysis with alkali readily furnished a crystalline 
lactonic mid (XII). This acid is very resistant to oxidising and 
reducing agents, and in this respect resembles the corresponding 
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grew-dimethyl lactoxxic acid prepared by Blanc {Bull, 8oc, chim., 
1901, 25, 68). 



(XI.) (xn.) 


That the above scheme correctly represents the course of the 
bromination follows from the following synthesis of the lactonic 
acid (XII), which leaves no room for doubt as to its constitution. 

l-Acetylojolopentane-l-cbcetic acid (XVI) was first prepared in 
the following manner : cycZoPentane-l -acetic- 1 -carboxylic acid 
(XIII), prepared by an extension of Lapworth and McRae’s method 
(J., 1922, 121, 2754), was successively converted into its anhydride 
and acid ester (XIV) ; the acid chloride of this ester was then allowed 
to react with zinc methyl iodide to give a product (XV), which 
on hydrolysis yielded 1-acetylci/cZopentane-l -acetic acid. 

CHg-CHa^ CR^-CR^^^CO^ 

(XIII.) (XIV.) 

CHs-CHax. p^CHa-COj^e (^R^-CR^^^CR^^CO^R 

CHg-CHa'^^CO-CHa CHg-CHs^^CO-CHs 

(XV.) (XVI.) 


This synthesis, although simple and converdent as a method of 
preparation, does not provide an adequate basis for the constitution 
assigned to the acid (XVI), since the acid ester (XTV) might have an 
alternative structure. To settle this point, the keto-acid (XVI) 
was reduced with sodium and alcohol, the lactone (XVTI) was con- 
verted by potassium cyanide into the cyano-compound (XVIII), and 
hydrolysis then jdelded the acid (X), the identity of which was 
established by direct comparison. 


(XVI.)-^ 



(XVH.) 


(xvin.) 


1-AcetylcycZopentane-l-acetic acid shows all the properties of a 
ketonic acid ; its methyl ester readily yields a semicarbazone and in 
this respect differs from its cyclohexane analogue (Rothstein and 
Thorpe, J., 1926, 2014). 

On oxidation with alkaline permanganate at the ordinary tem- 
perature the ketonic ester (XV) yielded an acid (XIX) which gave 
a condensation product (XX) with o-phenylenediamine. Although 
no authentic material was available for comparison, there can be 
no doubt that the acid is a-ketoc^/cfopentane-l : 1-diacetic a^^ 
previously obtained by Lanfear and Thorpe (J., 1923, 123, 1^8) 
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by the hydrolysis of the dibromo-ester of cycZopentane-1 : 1-diacetic 
add. Its formation in the present instance must have been due to 

OHa-CHsfs^cXO-COjsH CO 

CHa-GHa-'^XMa-COaH CHa-CHa-'^NMa'COaH 

(xrx.) (XX.) 

the oxidation of the methyl group, the reaction being precisely 
similar to the oxidation of the cyclohexane ketone (XXI), which 
gives the keto-acid (XXII) as the sole product (Tarbourisch, Cornet, 
rend., 1910, 150, 1606). 


(XXI.) (xxn.) (xxm). CN 


The above reaction is very important, as it opens up a possibility 
of synthesising a-ketoglutaric acids, the preparation of which by 
the more obvious synthetical methods is either difficult or impossible. 
There can be no doubt, moreover, that the formation of trimethyl- 
pyruvic acid from pinacolin (Glucksmann, Monatsh., 1889, 10, 771) 
and of benzoylformic acid from acetophenone (Qaus and Neukranz, 
J, pr, CJiem., 1891, 44, 777) are instances of a very general reaction 
whereby an acetyl group attached to a quaternary carbon atom is 
similarly transformed into the corresponding oxalyl derivative. 

In order to obtain the lactonic acid (XU), 1-acetylcycZopentane- 
1-acetic acid (XVI) was allowed to react with hydrocyanic acid, 
and under the prescribed conditions (p. 2602) combination readily 
took place with the formation of (XXIII), which on hydrolysis 
smoothly passed into the desired lactonic acid, which proved to be 
identical in all essential respects with that obtained in the bromin- 
ation of a-methylcycZopentane-1 : 1-diacetic acid. 

It therefore follows that in the brommatign of the acid (X), the 
bromine atom has entered the carbon atom adjacent to the methyl 
group. It is somewhat remarkable that no trace of the isomeric 
bromo-derivative could be obtained, although Pandya and Thorpe 
(loc. cit) succeeded in isolating both the possible lactonic acids from 
the products of the bromination of app-tiimethylglutaric acid. On 
the other hand, Hariharan, Mgnon, and Simonsen (this voL, p. 432) 
obtained only one lactonic acid from the action of alkali on the 
monobroiho-derivative of oE-isopropylglutario acid. 

In order to avoid the formation of the lactonic acid (XII), it was 
next decided to brominate the monoethyl ester (prepared by partial 
hydrolysis of the normal ester) of a-methylcycfopentane-l : 1-di- 
aceiic acid (XXTV), for in this case only the bromo-ester (XIXV) 
could be formed, and on hydrolysis this should yield the desired 
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lactonic acid (VI). The bromination did not proceed very smoothly, 
however, and the crude product on treatment with alkali yielded a 


p TT ^CH2*C02H . p -o- p^^CHBr*C02Et 

W^a>^<.CHMe-C02Et ^ ^^"s^^OHMe-COaEt 

(XXIV.) (XXV.) 


gummy acid from which no material of any definite composition 
could be obtained. On one occasion the impure acid was oxidised 
with alkaline permanganate and the resulting product was treated 
with o-phenylenediamme, but no trace of any quinoxahne derivative 
indicatog the formation of the keto-acid (V) could be detected. 

Finally, an attempt was made to prepare the lactonic acid (VI) 
by the hydrolysis of the 6rowao-compound (XXVI), which was 
readily prepared by direct bromination of the imide (IX) ; but on 
hydrolysis with concentrated hydrochloric acid the substance 
apparently lost bromine, the only isolable product being the acid 
(X), evidently derived from the original imide. 




Several preliminary experiments have also been made with a 
view to synthesise the cyctopentane analogue of camphoric acid 
(VII) by an extension of Komppa^s method {Annalen, 1909, 370, 
209 ; 3^, 126), but these, together with a much easier method of 
preparing a-ketoglutaric acids which has now been discovered, are 
reserved for future communications. 

During preliminary attempts to obtain the acid (X), a ketcme was 
prepared from the acid (XXVIX) (WaJlaoh and Martins, Anmlen, 
1909, 365, 272) by means of the Blaise reaction, and might therefore 
be expected to possess the ap-structure (XXVHI). It readily 
yielded a mixture of two semicarbazones, one melting at 189° and 
the other at 169°; the regenerated ketones showed identical 
physical properties, and an exaltation characteristic of ap-unsatur- 
ated ketones.. Moreover, the corresponding ^-ketone (XXX), 

^;^>C:CMe.COaH ->• gg;g]^^C:C!Me.OOMe 

(xxvn.) ^ {xxvm.) 

> ^^^C-OHMe-COMe 

® (XXIX.) (XXX.) 

prepared from the acid (XXIX) (Wallach and Martins, he. cit., 
p.- 271), gave a semiearbazone melting at 144°, and was markedly 
difEerent from the a^>ketones in physical properties. It 
probable that the semicarbazones are stereoisomeric like th0(^>ci'! 
mesityl oadde (Wilson and Heilbron, J., 1913, 103, 378). It i» 
4 q2 
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proposed to investigate the action of ultra-violet light on these 
semicarbazones with a view to determine whether and under what 
conditions they may be interconvertible. 

Experimental. 

A. Synthesis of oL-Methylcjclopentane-l : l-diacetic Acid (X). 

The imide of aa'-dicyanoct/cZopentane-l : 1-diacetio acid was 
prepared by condensing cycZopentanone with cyanoacetic ester and 
alcoholic ammonia (Kon, J., 1921, 119, 818; Kon and Thorpe, J., 
1919, 115, 686). The crude product ( 3 rield 60%), after having been 
dried in the steam- oven, was directly used in the experiments 
described below. 

l!i~Methyl-(o4mide of ccoL^^Dicyario-oL-methylcyGlopentaTie-l : 1-di- 
acetic Acid (IX). — In the preparation of this substance by an exten- 
sion of Kon and Thorpe's method (J., 1922, 121, 1795), it was 
found essential to adhere to the following conditions : The above 
imide (108 g.), dissolved in absolute alcohol (300 c.c.), was gradually 
added with vigorous shaking to a solution of sodium ethoxide pre- 
pared from sodium (35 g.) and absolute alcohol (500 c.c.); the 
biscuit-coloured sodium salt which separated was cooled in ice, 
cautiously mixed with methyl iodide (100 c.c.), and the mixture 
allowed slowly to attain room temperature. After 12 hours, the 
clear solution was heated under reflux on the steam-bath until 
neutral. The greater part of the alcohol was then evaporated off, 
the residue mixed with water (2 1.), and slightly acidified with hydro- 
chloric acid. The methylated imide which separated as a viscous 
gum was washed with hot water, and when left in contact with 
methylated spirit gradually solidified to a brittle resin. This was 
thoroughly ground in a mortar with alcohol and the solid collected, 
washed successively with sodium sulphite solution, water, and 
alcohol, and dried. The material (90 g.), m. p. 132 — 135°, is 
sufficiently pure for most purposes, but can be recrystallised from 
alcohol, from which it separates as minute, colourless prisms, m. p. 
136—137° (Found: C, 63-6;, H, 6-2; N, 17-4. 
requires C, 63-7; H, 6*1 ; N, 17*1%). The imide slowly dissolves 
in alkali and is reprecipitated on the addition of dilute acids. 

Hydrolysis of the Methylated Imide: Formation of a-Methyl- 
Qjolopentane-l : 1-diacetic Acid. — (i) With sulphuric acid. The 
imide (87 g.) w^ dissolved in sulphuric acid (400 c.c. ; d 1*84), and 
after remaining over-night, the viscous liquid was cautiously mixed 
with water. (366 c.c.) and boiled under reflux for 8 — 10 hours. The 
solution was cooled, diluted with water, saturated with ammonium 
sulphate, and exhaustively extracted with ether. The ethereal 
extract was washed with a moderately concentrated solution of 
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sodium carbonate, from which the acid (65 g.) was recovered in the 
usual way as a pale yellow oil which rapidly solidified when kept 
in an evacuated desiccator over sulphuric acid. The residue from 
the ethereal extract above consisted of a neutral liquid which 
jpartly solidified on keeping. The solid product on purification 
first from alcohol and then from glacial acetic acid was obtained in 
pearly plates, m. p. 223 — ^224° (Found : C, 59'1 ; H, 6*1 ; N, ll’O. 
^ 13 ^^ 1604^2 requires 0, 59*1; H, 6*1; IT, 10*7%). Owing to the 
small amount available, the constitution of this substance could not 
be determined. 

(ii) With hydrochloric acid. The imide (5 g.) was heated with 
concentrated hydrochloric acid (35 c.c.) at 160 — 180° in a closed 
tube for 6 hours, and the acid was isolated in the usual way in 
nearly quantitative yield and of a high degree of purity. 

a-IIethylcjclopentane-l : l-diacetic acid crystallises from benzene- 
light petroleum (b. p. 40 — 60°) in small, colourless prisms, m. p. 
90 — 91° (Found: 0, 60*0; H, 8*1; if, 200*2. C 10 H 16 O 4 requires 
C, 60*0 ; H, 8*0% ; if, 200), readily soluble in acetone, alcohol, 
ethyl acetate, and ether, moderately soluble in benzene and water, 
and almost insoluble in hydrochloric acid and light petroleum. A 
neutral solution of the ammonium salt of the acid gives a bluish- 
green, crystalline precipitate with copper acetate, a white, crystal- 
line precipitate on boiling with calcium chloride, and a heavy white 
precipitate with lead acetate. The silver salt, prepared in the usual 
manner, is a white, curdy, insoluble precipitate (Found ; Ag, 51*9. 
CioHi 404 Ag 2 requires Ag, 62*2%). 

The anhydride, prepared by boiling with excess of acetic anhydride, 
distils at 193° /24 mm. as a colourless Uquid, and solidifies to a 
crystalline cake on cooling. It crystallises from light petroleum 
(b. p. 40 — 60°) and chloroform in colourless transparent plates, 
m. p. 48° (Found : 0, 65*9 ; H, 7*7. requires 0, 65*9 ; 

7*7%), and dissolves in aqueous alkali when warmed, the acid 
(m. p. 90 — 91°) being deposited on acidification of the solution. 

The ^-‘iia'phthylamic acid, 

CioH/ITH-CO-CHMe-C(:C4H8);CH2-C02H (?), 
prepared from the anhydride, was obtained as a viscid oil, which 
solidified in contact with methyl alcohol and separated on 
recrystallisation in microscopic needles, m. p. 133 — 134° (Found : 
0, 73*9; H, 7*4. O 20 H 23 O 3 N requires 0, 73*7; H, 7*1%). The 
corresponding derivatives* of aniline and p-toluidine could only 
be obtained as oils. 


The ^-Tiaphthylimide, obtained by heating the naphthylamio 
to 180° in a test-tube and cooling, was twice crystallised from 
alcohol (charcoal), and separated in colourless, glistening ^ 
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in. p. 179® (Found : C, 78-3 ; H, 6*9. OaoHaiOgN requires G, 78-2 ; 
H, 6*8%). The imide, obtained on heating the dried ammonium 
salt of the acid in a sealed tube at 150® for 4 hours (Thorpe and 
Young, J., 1903, 83, 358), crystallises from boiling water (charcoal) 
in long, colourless needles, m. p. 123 — 124® (Found : C, 66*7 ; ^ 
H, 8*3; K, 7*9. CjoHigOgN requires C, 66*3; H, 8*3; N, 7*7%); 
on boiling with a 30% solution of sulphuric acid, it was rapidly 
hydrolysed, and on extraction of the product with ether, the acid 
(m. p. 90 — 91®) was obtained in almost theoretical yield. 

B. Attempts to prepare the Lactone of a-Hydroxy-a ’methylcyolo- 
pentaiie-1 : 1-diacetio Acid (VI). 

Bfomimtion of OL’-Methylcjclopentane-I : I’^diacetic Acid , — Since 
the HeU-Volhard method did not give satisfactorj' results, the 
bromination was carried out as follows : The anhydride (6 g.) was 
treated with the calculated amount of bromine (5*3 g.) and heated 
in a sealed tube in a boiling water-bath for 5 hours ; the liquid was 
then kept in a desiccator over potash to remove the last traces of 
hydrobromic acid. The resinous product was dissolved in light 
petroleum (b. p* 40 — 60°), and the solution cooled in a freezing 
mixture. The bromo-anhydride (XI) separated in colourless prisms, 
m. p. 95® (Found: Br, 80*1. C^oHijOgBr requires Br, 30*7%). 

Hydrolysis, The crude bromination product was boiled with an 
excess of 2A^-sodium carbonate for 10 hours, the solution con- 
centrated, acidified with concentrated hydrochloric acid, and evapor- 
ated to dryness, and the residue extracted with ethyl acetate. On 
removal of the solvent, a thick syrup was obtained which, when 
kept over sulphuric acid in a vacuum desiccator, began to crystallise. 
In contact with porous porcelain the mother-liquor was slowly 
absorbed, and a colourless crystalline residue of the lactom of 
a-hydroxy-a’^methylcjclopentane-'l : l-diacetic acid remained ; it 
crystallised from ethyl acetate-light petroleum (b. p. 60 — 80°) 
(charcoal) in long, colourless needles, m. p. 140® (Found : C, 60*6 ; 
H, 7*0. requires C, 60*6; H, 7*1%), readily soluble in 

acetone, cMoroform, and ethyl acetate, moderately soluble in 
benzene, and almost insoluble in light petroleum. 

The silver salt was obtained from the ammonium salt as a rather 
soluble, white precipitate (Found : Ag, 35*7. Ci^HigO^Ag requires 
Ag, 35*4%). The bariim salt, prepared from the lactonic acid by 
shaking with a suspension of barium cafbonate, separated from a 
fairly concentrated solution in leaflets, which were dried at 110® 
[Found : Ba, 26*4. (OioHigOJaBa requires Ba, 26*8%]. The lead 
salt is very soluble. The ethyl ester, obtained by saturating an 
alcoholic solution of the lactonic acid with hydrogen chloride, is a 
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mobile Kquid, b. p. 197°/30 mm. (Found : C, G3*G; H, 8-2. Ci 2 Hig 04 
requires C, 63*7 ; H, 8*0%). 

BromiriMion of Ethyl Hydrogeyi ci-Methylcydlopentane-l : l-diaceiate 
(XXIV). — ^The diethyl ester, prepared by the esterification of the 
acid with alcohol and stilphimo acid, was obtained as a colourless 
oil, b. p. 165®/25 mm. (Found : C, 66 * 8 ; H, 9*3. C 14 H 24 O 4 requires 
C, 65*6; H, 9*4%). This was partly saponified as follows: The 
ester (25*6 g.) was boiled under reflux with potassium hydroxide 
(5*6 g.) in alcohol (30 c.c.) for ^ hour, the alcohol evaporated, the 
residue mixed with water, extracted with ether to remove any 
neutral product, and the aqueous solution acidified and again 
extracted with ether. The residual oil was kept in a vacuum 
desiccator for 2 days. The silver salt was obtained as a white pre- 
cipitate (Found : Ag, 31*8. Ci 2 ®-i 9 ^ 4 ^g requires Ag, 32*2%). The 
acid ester was warmed with excess of thionyl chloride for | hour, 
and the excess was removed under reduced pressure. The residue 
was mixed with the required amount of bromine and gently warmed 
(55°) until all the bromine had disappeared. It was then poured 
into an excess of ice-cold alcohol, and the mixture aUowed to remain 
over-night. The product, ethyl u-bromo^a,' ‘Tnethyloyolopentane- 
1 : l^diacetate (XXV), was then coEected in ether after the addition 
of water. The residual oE was dried in a vacuum (Found : Br, 
18*2. Ci 4 H 2 s 04 Br requires Br, 23*9%). The crude product was 
hydrolysed by boiling with an aqueous solution of sodium carbonate 
as described before. The brown oE did not show any tendency to 
soEdify and all attempts to purify the product were fruitless. The 
ofl was oxidised with alkaline permanganate and the resulting 
product warmed in acetic acid solution with an excess of o-phenylene- 
diamiiie, but no quinoxaline derivative could be isolated. 

Brmninationof the Methylimide (IX), — ^A suspension of the methyl- 
imide in water was shaken with a slight excess of bromine for 
24 hours (compare Gupta and Thorpe, J., 1922, 121, 1900). The 
soHd Tnethylimide of cL-brmno-ctixf-dicyano-‘OL'-7nethyloyolopentane-l : 1 - 
diacetic ccid (XXVI), when coEected and purified from alcohol, 
separated in colourless needles, m. p. 180° (deoomp.) (Found : 
Br, 24*0. Ci 3 Hi 402 N 8 Br requires Br, 24*7%). Hydrolysis with 
concentrated hydrochloric acid led to a-methylci/cZopentane- 
1 : l*diacetic acid, identified by its m. p. (90 — 91°) and by direct 
comparison with a known specimen. 

C. Synthesis of l-Acetyhyolopeniane^l-acetic Acid (XVI) and of the 
Laciom of a-Hj/rfroa:y-a.me%Zcyclqpewton6-l : hdiacetic Acid (X®t j 
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ethyl cyctopentylidenecyanoacetate (Harding and Haworth, J., 
1910, 97, 486) under the following conditions (compare Lapworth 
and McRae, loc. cit). The ester (165 g.) was dissolved in rectified 
spirit (826 c.c.) to which was added a solution of potassium cyanide 
(115 g.) in water (260 c.c.). The clear solution was then allowed to 
stand at the ordinary temperature for about a week, during which a 
considerable amount of the potassium salt of the condensation 
product gradually separated. The mixture was evaporated on the 
steam-bath, and the dark residue then boiled with a large excess of 
concentrated hydrochloric acid for 6 hours. The solution was 
cooled and repeatedly extracted with ether, the extract dried, and 
the solvent removed. The residue of almost colourless solid 
(120 g.) consisted of nearly pure cycZopentane-l-acetic-l-carboxylic 
acid, m. p. 156 — 166*5° (compare Norris and Thorpe, J., 1921, 
119, 1207) (Found; C, 55*8; H, 7*1. Calc.; C, 66 * 8 ; H, 7*0%). 
The anhydride, obtained by boiling the acid with acetyl chloride for 
2 hours and fractionating under reduced pressure, was a colourless 
oil, b. p. 154°/20 mm., but it solidified in a freezing mixture and then 
had m. p, 30° (Found ; C, 62-5 ; H, 6 - 6 . CgH^^Og requires 0, 62-3 ; 
H, 6-5%). The anilic acid, prepared by mixin g cold benzene solu- 
tions of the anhydride and aniline and crystallising the precipitated 
product from 84% alcohol, forms colourless plates, m. p. 167 — 
167-6° (Found: C, 67-5; H, 6 - 8 . Cj^HiAN requires C, 68-0; 
H, 6-9%). The anil, prepared by heating the anilic acid, crystallises 
from alcohol in glistening prisms, m. p. 127 — 128° (Found : C, 73 - 4 ; 
H, 6 - 8 . C 14 H 15 O 2 N requires C, 73-4; H, 6 - 6 %). The monomethyl 
ester (XIV) was obtained by boiling the anhydride (46-2 g.) with 
methyl alcohol (24-4 c.c.) under reflux for 3 hours, removing excess 
of methyl alcohol in a vacuum, and crystallising the residue from 
light petroleum (b. p. 60—80°) ; it separated as magnificent trans- 
parent needles, m. p, 80—81° (Found : C, 58-0; H, 7 - 6 ; M, 185-5. 

C!, 68-1; H, 7-5%; M, 186). The corresponding 
acid ethyl ester could not be solidified. The acid chloride was pre- 
pared by heating the acid ester (38 g.) with freshly distilled thionyl 
chloride (25 c.c.) at 50 — 60° in a glycerol-bath for 45 minutes ; the 
excess of thionyl chloride was then removed in a vacuum, and the 
residue distilled under reduced pressure, giving a colourless oil, 
b. p. 132°/16 mm. The -p-foluidide crystallises from dilute methyl 
alcohol in feathery needles, m. p. 111° (Found : C, 69-6; H, 7-6. 
C 16 H 21 O 3 N requires C, 69-8 ; H, 7-6%). 

I’^Acetykjclopeniam-l-acetic Acid (XVI).— The acid chloride 
described above was diluted with its own volume of dry benzene 
and gradually added during | hour to a well-cooled solution of 
2 dnc methyl iodide prepared from zinc-copper couple (60 g.), methyl 
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iodide (25 c.c.), benzene (22 o.c.), and dry ethyl acetate (15 c.c.). 
After standing for an hour, the product was mixed with ice-cold 
dilute sidphuric acid, the benzene layer removed, washed successively 
with a 10 % solution of potash, saturated ammonium sulphate solu- 
tion, and water, dried, and distilled. The keto-ester boiled constantly 
at 121°/9 mm. as a colourless oil having a characteristic ethereal 
smell, but was not sufdciently pure for analysis ; it was therefore 
hydrolysed to the acid by boiling with alcoholic potash, and this was 
converted into the sparingly soluble semicmhazm^ which crystallised 
from boiling water in long, colourless needles, m. p. 197® (Found : 
C,53*3; H,7-8. C 10 H 17 O 3 N 3 requires C, 52-9 ; H, 7*5%). 

The semicarbazone was gently warmed with dilute hydrochloric 
acid, the solution extracted with ether, the extract dried with 
sodium sulphate, and evaporated ; the solid residue was recrystal- 
lised from light petroleum (b. p. 60 — 80°) and l-acei?/Zcyclope?i^awe- 
l-acetic acid was thus obtained in shining plates, m. p. 83 — 84° 
(Found: C, 63*5; H, 8 - 1 ; If, 171. requires C, 63-5; 

H, 8-2%; If, 170). The keto-acid, on oxidation with sodium 
hypobromite, gave an excellent yield of ci/cZopentane-l-acetio- 
1-carboxylic acid. The oxime crystallised from water in fiat needles, 
m. p. 124 — 125° (Foimd : C, 58-2 ; H, 8*2. CgH^gOgN requires 
C, 58-4; H, 8-1%). The methyl ester, prepared from the acid in 
the usual way, was obtained as an oil, b. p. 131°/18 mm. (Found : 
C, 65-0; H, 8-9. CioHigOa requires 0, 65-3; H, 8-7%) ; it readily 
jdelded a semicarbazme^ which separated from alcohol in shining 
scales, m. p. 152—163° (Found: C, 64-7; H, 7*8. CnHigOgNg 
requires C, 54-8 ; H, 7*9%). On treatment with dry sodium meth- 
oxide (Rothstein and Thorpe, toe. ciZ., p. 2016), the ester was trans- 
formed into a gummy product which readily dissolved in dilute 
alkah and gave a brownish- violet colour with an aqueous-alcoholic 
solution of ferric chloride. The substance could not, however, be 
obtained in a crystalline condition. 

R&iwiion of l-Aceiylcyclopentane-l-acetic Acid. — ^Attempts to 
reduce the acid by means of sodium amalgam and by hydrogen in 
presence of platinum-black were unsuccessful, but reduction was 
ultimately effected as follows : The acid (5 g.) was dissolved in 
ethyl alcohol (15 c.c.), and sodium (4 g.) introduced in small lumps. 
The mixture was then heated at 112°, and alcohol (45 c.c.) gradually 
added during 2 hours. As soon as the last portions of sodium had 
disappeared, the excess of alcohol was removed in steam, the 
aqu^us solution acidified, extracted with ether, the extract washed 
with sodium carbonate, dried, and evaporated. The laalme^i 
(XVn) was obtained on distillation under reduced pressurer;||^^ 
colourless oil, b. p. 132°/15 mm., having a charaoteristiari:f|^W' 
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(Found: C, 69-6; H, 9*0. requires C, 70*1; H, 9*1%); 

1*057645, 14742, 40*9 (calc., 41*0). 

Conversion of the Lactone into OL-Methylcjolopentane-I ; 1-diace^ic 
4cid.— The lactone (5 g.) was heated with finely powdered 98% 
potassium cyanide (2*7 g.) in a sealed tube at 260° for 8 hours, and 
the resulting product acidified and repeatedly extracted with ether ; 
the acidic product was washed out with an aqueous solution of 
sodium carbonate, and the alkaline solution evaporated to dryness. 
The residue was then boiled with an excess of 40% sulphuric acid 
for 3 hours ; the acid isolated in the usual way melted at 90 — 91° 
and was identified as a-methylc^c?opentane-l : 1-diacetic acid by 
direct comparison and by the analysis of the silver salt (Found : 
Ag, 51*8. Calc. : Ag, 52*2%). 

Oxidation of Methyl LAceiyhjclopeniaTie'l-^acetaie with Alkaline 
Permanganate : Formation of oL^KetoGjolopentane-l : Ldia^tic Acid 
(XIX). — ^The crude ester (6 g.) was stirred with water (400 c.c.), 
and to this was gradually added during 6 hours a solution of potass- 
ium permanganate (11 g.) and sodium hydroxide (4 g.) in 360 c.c. 
of water. The colour of the permanganate was slowly discharged, 
and after remaining for 12 hours, the solution became almost 
colourless. The filtrate and washings from the manganese pre- 
cipitate were evaporated to small bulk, again filtered, and acidified 
with dilute hydrochloric acid. The liberated organic acids were 
dissolved in ether, and the semi-solid mass which remained on 
removal of the solvent was dissolved m glacial acetic acid, mixed 
with an excess of o-phenylenediamine, and slowly heated on the 
steam-bath for hour. Excess of acetic acid was then removed, 
and the residue mixed with water. The brown, resinous product 
w^as collected and freed from impurities by rubbing with ether. 
The remaining solid was purified by two crystallisations from dilute 
acetone and thus obtained as a microcrystalline powder, m. p. 221° 
(Found : C, 66*3; H, 64. Calc. ; C, 66-2; H, 5*9%). There can 
he no doubt, therefore, that the product consists of the quinoxaline 
derivative of a-ketoc^ctopentane-1 : 1-diacetic acid (Lanfear and 
Thorpe, he. cit., p. 1688, give m. p. 222°). 

Action of Hydrocyanic Acid on LAcet^oyolopentaneA-acetic Acid : 
Synthesis of the Lactone of oL-Eydroxy-a-methylojclopentaTie-l : 1-di- 
acetic Acid (XII). — The keto-acid (10 g.) was mixed with water 
(25 C.C.), and pure potassium cyanide (30 g.) was added in small 
quantities at a time, the whole being cooled in a freezing mixture. 
The clear solution was allowed to stand for about an hour and con- 
centrated hydrochloric acid (44 c.c.) was gradually run in with 
constant shaking, the temperature being kept below —10°. After 
24 hours, more hydrochloric acid was added, and the mixture left 
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for another day at the ordinary temperature ; it was then warmed 
on the steam-bath for 10 minutes and extracted with ether. The 
ethereal solution was washed with a solution of sodium carbonate, 
dried, and evaporated. The residual oil, consisting of nearly pure 
cyano-lactone, was then hydrolysed with an excess of concentrated 
hydrochloric acid on the steam-bath. The clear solution was 
evaporated, and the solid extracted with chloroform or ethyl acetate ; 
the residue which remained after the removal of the solvent crystal- 
lised from ethyl acetate and light petroleum (b. p. 60 — 80°) in long, 
colourless, flattened needles, m. p. 139 — 140°. The product was 
identified with the lactonio acid obtained in the bromination of 
a-methylcycZopentane-1 : 1-diacetic acid by direct comparison 
and by analysis (Found ; C, 60*8 ; H, 7*3. Calc. : C, 60-6 ; H, 7*1 %). 

D. Synthesis of a-lfe^%fcyclc)pe7i%i!ide/ieaceto?ie (XXVIII) and of 
ethyl- jS^^-Gyclopentenylacetone (XXX) . 

OL-Methylcyalopentylideneacetic Acid (XXVII). — The condensation 
of cycZopentanone with ethyl a-bromopropionate and magnesium 
proceeded readily in benzene solution, giving a 50% yield of ethyl 
l-hydroxy-a-methylcycZopentane-l-acetate, b. p. 130 — 140°/36 mm. 
The ester on hydrolysis vdth 50% alcohoUc potash at the ordinary 
temperature yielded the hydroxy-acid as a viscous oil which showed 
no tendency to solidify ; it was therefore boiled with acetic anhydride, 
and the mixture distilled in steam; the unsaturated acid, which 
separated from the distillate as a soHd, crystallised from dilute methyl 
alcohol in needles, m. p. 108 — 109° (Found, for silver salt : Ag, 43-8. 
Calc.: Ag,43-7%). TheocidcAZoride, prepared in the usual way with 
thionyl chloride, distilled as a colourless liquid, b. p. 123°/30 mm. 

K-MethyhyclopentyUdeneacetone . — ^This ketone was prepared in a 
good yield by the action of zinc methyl iodide on the foregoing acid 
chloride. With semicarbazide acetate it readily yielded a semi- 
carba^ne, of which two different forms were isolated by repeated 
crystallisation from methyl alcohol. The less soluble separated in 
rosettes of small crystals, m. p. 189° (Found: C, 61-6; H, 8*8; 
N, 21*7. requires C, 61*5; H, 8*7; X, 21*5%), and the 

ketonCy regenerated from it in the usual way, was obtained as a 
colourless oil, b. p. 108°/27 mm., di?-®' 0*960808, wg'®* 1*49642, 
41*986 (calc., 41*106) (Found: C, 78*0; H, 10*2. 
requires 0, 78*3; H, 10*1%). The more soluble semicarbazone 
crystallised from dilute alcohol in colourless, felted needles, m. p. 
169° (Found : C, 61*8; H, 8*8; N, 21*6%), and the ketone regener- 
ated from it had b. p, 109°/25 mm., d^^" 0*958084, l*49538i 

42*025 (Found : C, 77*9 ; H, 9*9%). The physical propert*|p 
of the ketones corresponded well with their ap-structure. 

4q3 
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a-JfeiAi/J-A^-oyclo^e7iien^2aoeiic Acid » — ^The ethyl ester was 
readily obtained by the dehydration of the hydroxy-ester (above) 
with the theoretical amount of phosphorus oxychloride in benzene 
solution; it distilled as a colourless oil with an agreeable smell, 
b. p. 108— 110730 mm., djr 0*96668, 1*4583, [B£\^ 47*45 

(calc., 47*37). The acid, prepared from this ester by hydrolysis 
with alcoholic potash, distilled as a colourless oil, b. p. 150° /28 mm., 
1*050988, ng'* 1*4792, 37*79 (calc., 38*01) (Found, for 

Ag salt ; Ag, 44*0. Calc. : Ag, 43*7%). A sample did not deposit 
any crystals during 14 months (compare Wallach, toe. ciL), The 
acid chloride, prepared in the usual way, had b. p. 86— 88°/20 mm., 
and on treatment with zinc methyl io^de gave a good yield of the 
corresponding Py-ketone. The crude ketone readily yielded a semi- 
carhazone, which separated in lustrous plates, m. p. 144°, from 
dilute alcohol (Found: C, 61*8; H, 8*7; N, 21*8. 
requires C, 61*5; H, 8*7; N, 21*5%), and a-me%Z-Ai-cyclo- 
pentenylacetmie, regenerated from it by means of oxalic acid, had 
b. p. 82°/17 mm., df 0*921922, < 1*4632, [BJd 41*24 (calc., 
41*11) (Found: C, 78*7; H, 10*3. requires C, 78*3; 

H, 10*1%). The ketones could not be induced to react with ethyl 
sodiomalonate or sodiocyanoacetate. 

The author is greatly indebted to Professor J. F. Thorpe, C.B.E., 
F.R.S., for his kind interest in the work, to the Trustees of the 
Palit Fund of the Calcutta University for a scholarship which 
enabled him to undertake this research, and to the Chemical 
Society for a grant with which part of the cost has been defrayed. 
The author also desires to thank Mr. Kiuda, of this College, for 
much assistance in the preparation of initial materials. 

Impbwai, CoiiUBOE or Science anu Technology, 

London, S.W. 7. [Beceived, July Uh, 1928.] 


CCCXLIV . — Experiments on the Synthesis of Certain 
y-Ketonic Acids Closely Allied to Balbiano’s Acid. 
Part II. Syntheses of ajSjS- and aa^-Trimethyl- 
IcBVuUc Acids, of the Lactone of a'-Hydroxy-aa^- 
trimethylglutaric Acid, and of y-Keto-a^^-trimethyl- 
propane-ay-dicarboxylic Acid {Balhiano's Acid). 

By JoasNDRA Chandea Baedhan. 

Dueing his classical experiments on the oxidation of camphoric 
add Rmi. Aecad. Lincei, 1892, i, 278 : Ber., 1894, 27, 2133), 
Balbiano isolated a considerable qnantity of a dibasic add, CgHigO,, 
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and an equivalent of oxalic acid, along with small amounts of 
camphanic, camphoronic, and trhnethylsuccinic acids. The new 
acid, on reduction with hydriodic acid and red phosphorus, yielded 
a mixture of a monobasic lactonic acid, O8H12O4? ^ dibasic 

acid, C8H14O4, which Balbiano considered to be agp-trimethyl- 
glutaric acid because on oxidation it gave a^-dimethjdsuccinic acid. 
This structure was subsequently confirmed when Perkin and 
Thorpe synthesised the acid (J., 1899, 75, 61). 

Since the trimethylglutaric acid is also formed from the lactonic 
acid on reduction, the latter might have been either (I) or 

(II), but Blanc {BulL Soc, chim., 1901, 25, 68) synthesised the acid (II) 
and found it to be different from Balbiano^s lactonic acid, which is 
therefore (I) (compare Pandya and Thorpe, J., 1923, 123, 2862). 

CMeg-CH-COaH (Me^-CMe-COaH 

(I-) I * >0 ' 1 * >0 (H.) 

CHMe-CO CHa-CO 


For many years two views were held as to the constitution of the 
acid CgHiaOg : Balbiano (Ber., 1897, 30, 289, 1901), as a result of 
his examination of the reduction products, represented the acid by 
the oxide formula (III), and suggested that the corresponding 
dihydroxy-acid was a stage in its formation from camphoric acid ; 
whereas Mahla and Tiemann (JBer., 1895, 28, 2161) preferred the keto- 
formula (IV) on account of the fact that the acid, when heated at 
160 — 180°, is completely decomposed with the formation of trimethyl- 
succirdc anhydride and carbon monoxide. These authors could not, 
however, satisfactorily establish the ketonio character of the acid, and 
the somewhat ill-defined jp-bromophenylhydrazone which they pre- 
pared proved to be an addition product (compare Balbiano, he. ciL). 

More recently, Kon, Stevenson, and Thorpe (J., 1922, 121, 666) 
were led to represent the acid in the liquid state or in solution as an 
equilibrium mixture of the forms (IV) and (V), and this tautomeric 
structure was further supported by Rothstein, Stevenson, and 
Thorpe (J., 1925, 127, 1078). Although it had thus been shown that 


/9H-C02H 

'^hM.e-GOsE 


90-C02H 

CHMe-CO,H 

(17.) 


C(OH)-OOjH 

(V.) 

CHMe-CO ^ 


Balbiano’s oxide structure is incorrect, it was still necessarjmo 
prove definitely the correctness of the keto-formula, and this.'iias 
now been achieved by the synthesis of an acid of this structure whi<^ 
is identical with the acid obtained from camphoric acid. , 
app-Trisubstituted ketoglutaric acids are peculiarly di£6ioii;l^^P 
prepare, for the usual methods of synthesis fail, but since it 
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found (preceding paper) that ethyl l-acetylcycilopentane-l -acetate on 
treatment with alkaline permanganate was smoothly oxidised to 
«-ketocyctopentane-l : 1-diacetic acid, it appeared possible that the 
desired ketonic acid might be obtainable by similarly oxidising the 
acetyl group of aPj^-trimethyl-lsevulic acid to the CO*GOaH group. 

8tpithesis of ctP^-TrimethyUcBVulic This acid was prepared 

by the following series of reactions : Trimethylsuccinic anhydride 
was converted by sodium ethoxide into the half ester (VI), the acid 
chloride of which reacted with zinc methjd iodide to give the keto- 
ester (VII) in good yield. This ester, however, contained an 

OMe^-COaH CMea-CO-OHs OMeg-COgEt 

CHMe-COgEt CHMe-COgEt OHMe-CO-CHg 

(VI.) (VII.) (VIII.) 

appreciable quantity of the isomeric ester (VIII), evidently derived 
from the alternative acid ester formed dining esterification of the 
anhydiide. A somewhat similar mixture of ketonic esters was also 
obtained when the acid ester was prepared by the partial saponific- 
ation of the neutral ester. Bone, Sudborough, and Sprankling’s 
statement (J., 1904, 85, 536), that they obtained two different acid 
esters of trimethylsuccinic acid according as they started from the 
anhydride or the neutral ester, must therefore be regarded as 
incorrect. 

The separation of the pure constituents from the mixture of the 
corresponding acids thus obtained proved to be very difficult, but 
was ultimately accomplished by the fractional crystallisation of the 
mixed semicarbazones from methyl alcohol. The regenerated acids 
melted at 65 — 66° and 77 — ^78°, and since they showed mutual 
depression of m. p. when mixed, there can be no doubt that they are 
different. Their respective structures were therefore ascertained 
by effecting a rational synthesis of aap-trimethyl-lsevulic acid, 
which proved to be identical with the less fusible acid, so the acid 
of m. p. 65 — 66° must be the app-isomeride. 

Synthesis of oi^^’-TriTnethyhlcevulic Acid. — ^The first experiment to 
be tried for this purpose was the reaction of ethyl a-bromo25obutyi'ate 
vith ethyl sodiomethylaeetoacetate, since it was expected that the 
condensation product would give the required acid (IX) on hydrolysis : 

f 91163— 9Me-CO-CH3 9Me2-OHMe-CO*CH3 . 

COaEt COgEt COgH 

but the condensation did not proceed in the expected manner, and 
all efforts to obtain this acid from the products of the reaction were 
fruitless. 

It was then thought possible that methylmesityl oxide might 
react with hydrocyanic acid according to the method of Lapworth 
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(J., 1904, 85, 1216) to give a product which on hydrolysis should 
furnish the desired keto-acid : 

C^fegrCMe-CO-CHa— > me^{myCHM.e-CO-GIL^ (IX.) 

Although methylmesityl oxide was readily synthesised from tri- 
methylacrylic acid (Blaise reaction), it reacted with hydrocyanic 
acid with such reluctance under the usual conditions that after 
prolonged heating there was obtained a considerable quantity of a 
stable cyanohydrin (X), evidently produced by the further action of 
hydrocyanic acid on the mononitrile first formed; traces of the 
expected acid (IX) were isolated in the form of its semiearbazone, 
but in insufficient quantity for characterisation. 

The cyanohydrin (X) on hydrolysis yielded a nitrogenous sub- 
stance (XI), closely analogous to mesitylic acid prepared by Pinner 
{Ber., 1881, 14, 1075) and by Lapworth (toe. cit.) from mesityl oxide 
by a somewhat similar process. 

CMeo(CN)-CHMe-CMe(OH)*C!N 

(X.) Co ^NH (XI.) 

Ultimately the following method W’as devised and found to give 
the desired synthesis. Methyl ethyl ketone w’as condensed with 
ethyl a-bromotoobutyrate and zinc, a good yield of ethyl ^-hydroxy- 
0L0t.^4Timethyl-xi-valerate (XII) being obtained. This hydroxy-ester 
on dehydration with phosphorus pentoxide yielded ethyl aaP-J5ri- 
methyl-^^-peTdenooite (XIII), the structure of which was established 
by oxidation with ozone, one of the products being acetaldehyde. 
"S^en the corresponding acid was treated with bromine, it gave a 
somewhat unstable dibromide (XIV), which at the moment of its 
formation partly eliminated hydrobromic acid with the production 
of the bromo-lactone (XV) (compare Perkin and Smith, J., 1904, 85, 
157) ; but on distillation of the crude bromination product under the 
ordinary pressure, a considerable evolution of hydrobromic acid took 
place, and the chief product was the unsaturated lactone (XVI). 
This was finally hydrolysed by means of alcoholic potash to aap-/n- 
meihyhJcmilic acid (IX), presumably through the intermediate stage 
shown. 

9Me2-OMe(OH)^9H, 

Co^t hi. 


CMe2-C!Me:9H 
COjEt CHa 


(xin.) 


(XV.) 


9M:e2-CMeBr-9HMe ^ 


CMeg-CMelCMe 

CO 


9Me,-CMeBr'CHBrMe 

CO.H 



(XVI.) 
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In Spite of the many stages involved in the above synthesis, the 
yield of the keto-acid was quite good. The synthetic acid agreed in 
all its properties with the acid, m. p. 77 — 78°, prepared from tri- 
methylsuccinic anhydride (above). 

Synthesis of Balbiano's Acid, — app-Trimethyl-lacvulic acid was 
readily oxidised by alkaline permanganate to y-keto-app-trimethyl- 
propane-ay-dicarboxylic acid. The acid thus obtained melted at 
the same temperature as Balbiano’s acid, and showed no depression 
of m. p. when mixed with an equal quantity of the acid obtained 
from camphoric acid (kindly lent by Professor Thorpe). The 
identity of the synthetic acid was also established by the pre- 
paration of its quinoxaline derivative, and by its conversion into 
app-trimethylglutaric acid by means of hydriodic acid and red 
phosphorus. Finally, the synthetic acid when heated is converted 
into trimethyisuccinic acid with evolution of carbon monoxide. 

The synthesis of Balbiano’s acid just described is consistent only 
with the keto-formula, and the solid acid most probably exists in 
this form ; this follows, not only because Balbiano’s acid does not 
give ^-esters corresponding to the lactol form (compare for instance, 
opianic acid, phthalonic acid, and the semi-aldehyde of trimethyi- 
succinic acid), but also because on treatment with acetic anhydride 
it forms a normal anhydride (Balbiano, Bcr., 1897, 30, 1902) and 
not an acetyl derivative. 

In the light of the keto-formula, the anhydride of the acid should 
be represented by (XVII) (compare 3 : 4-diniethoxyphthalonic 
anhydride; Kuroda and Perkin, J., 1923, 123, 2094). The anhy- 
dride reacts normally with P-naphthylamine, giving a crystalline 
naphthylamic acid (XVIII), which does not react with o-phenylene- 
diamine. 


xvn.) 9^e2*C0-<j)0 
CB[Me-C0*0 


(pMe^-CO-CO-NH-OioH, ^11.) 

CEHMe-COgH 


The formation of an acid of the keto-formula from camphoric 
acid is somewhat remarkable. Kon, Stevenson, and Thorpe (toe. 
cit.) suggested the following mechanism of its formation, starting 
from aa'-dihydroxy-app-trimethylglutaric acid, which, according to 
Balbiano, constitutes the first step in the oxidation of camphoric 
acid ; 



fO-COgH 

fe-OO^H 


In spite of the apparent simplicity of this explanation, the issue is 
not in reality quite so clear, for it has been shown by Pandya and 
Thorpe (Zoc. cit) that the dibromo-ester (XIX) on treatment with 
alkali passes into a mixture of the lactonic acids (XX) and (XXI), 
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from which no trace of any keto-acid can be obtained. Since the 
dihydroxytrimethylglutaric acids, which are presumably formed in 
these reactions, show no tendency whatever to pass into a hydroxy- 
C 2 /ctopropane acid, it follows that Balbiano’s acid cannot be formed 
from camphoric acid by way of dihydroxytrimethylglutaric acid. 


^ ^^CHBr*C02Et 
^ ^OMeBr-COoEt 
(XIX.) “ 


(XX.: 


■ 9 ® (XXI.) 
* ^CMe(C02H)*0 


Quite apart from this, it is diflScult to understand why camphoric 
acid, which is such an exceedingly stable substance, should undergo 
oxidative fission at those bonds which w'ould have to be ruptured in 
order to give this dihydroxyglutaric acid — a mode of oxidation 
which suggested to Balbiano his oxide structure. 

There is, however, no need to assume the formation of a dihydroxy- 
glutaric acid. An adequate explanation is provided for the form- 
ation, not only of the keto-acid, but also of the accompanying cam- 
phanic, eamphoronic, and trimethylsuccinic acids, if it be assumed 
that the oxidation of camphoric acid proceeds through the following 
stages : 


CHa-OH-COaH 

dHg-S&GOjH 

CO^HCO-COjH 



i 


H,— CMe-CO,H 


i 


(xxn.) 


:2-5(9H)'C02H 

•®s 

ie-COaH 
COaH(?OjH 

I CMe, 
CH,-CMe-CO,H 



fe-COgH 

OHjH (xxni.) 


CO»H CO*CO,H 

I +vM:ea 

CO 2 H CHMe-COaH, 


pOgH 

fMe, 

DHMe-CO,H 


A similar mechanism has been postulated by Bredt {Ber., 1893, 26, 
3050) in order to explain the formation of eamphoronic acid from 
camphoric acid by oxidation with nitric acid, but there is a difference 
between the two cases in that the intermediate keto-acid (XXII) is 
somewhat stable towards alkaline permanganate and is not therdiore 
broken down into eamphoronic acid to any large extent; on the 
contrary it is oxidised at the methylene group and the resulting- 
diketo-add (XXIII) is hydrolysed as shown above. ‘ |i 

The formation of an a-ketonic acid by the direct oxidation of 
acetic acid residue is not without precedent, for Chandras^aa^tW^ 
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Ingold (J., 1922, 121 , 1563) have shown that a-campholenic acid 
on treatment with mild oxidising agents gives a keto-acid as the 
principal product : 

CH=CMe CO-jH CH=giIe OOaH 

I 9Me2 I — > I » I 

CHg-CH — CHg CHa-CH — CO 

Owing to the obvious difficulty of devising suitable experiments, it 
has not been found possible definitely to establish the correctness 
of the mechanism suggested above. It is hoped, however, that the 
experiments on the oxidation of camphanic, dehydrocamphoric, 
and eamphoronic acids, which are now in hand, will throw further 
light on the matter. 

The keto-acid contains an as 3 rmmetric carbon atom (marked *) 
and would therefore be expected to exist in one inactive and two 
active modifications. The acid actually isolated by Balbiano 
from d-camphoric acid was, however, inactive. This is to be 
expected, for examination of the scheme above shows that during 
the hydrolysis of the diketo-acid (XXIII) a new asymmetric carbon 
atom is being produced, and consequently the resulting product 
should be inactive owing to the formation in equal quantities of 
the two optically enantiomorphous forms. The case of eamphoronic 
acid is somewhat different because it still retains one of the 
asymmetric carbon atoms originally present in the camphoric acid. 

Balbiano (Bcr., 1899, 32, 1022) apparently succeeded in resolving 
his acid, O 3 H 12 O 5 , by a fractional crystallisation of its quinine salts, 
but the rotations, [a]D + 548° and — 3-35°, which he found for the 
two active forms are far from satisfactory. Experiments are now 
being undertaken to prepare the two active modifications of the acid 
from the d- and Z-modifications of trimethylsuccinic acid by applying 
the same scheme as has been used for the synthesis of the inactive 
acid. 

During the course of the foregoing experiments a considerable 
quantity of aap-trimethyl-lsBvulic acid had accumulated, and it 
seemed of interest to investigate whether on oxidation with alkaline 
permanganate it would give the keto-acid 

COgH’CMea-CHMe'CO-COgH (XXIV.), 
but it was found to yield only trimethylsuccinic acid. This is 
somewhat remarkable, especially as Baeyer, in the course of the 
oxidation of pinene, isolated an appreciable quantity of a keto-acid 
which he considered to be formed by the oxidation of pinonic acid ; 

C6jH-CHa-C!H<^'>CH-G0-CH3 — > 

C02H-CH2-CH<^'>CaEI«C0'C0gH 
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Attempts were also made to prepare the keto-aoid (XXIV) by the 
oxidation of the lactonic acid (XXVIII), which was obtained in 
good yield by the action of hydrocyanic acid on the lactone (XXVI) 
(Blaise and Conrtont, Bull, Soc. chim,, 1902, 35, 998), followed by 
the hydrolysis of the lactonic nitrile (XXVH) with the aid of con- 
centrated hydrochloric acid, the reaction probably taking place 
throngh the tautomeric aldehyde-form (XXV). Theoretically, the 

GHMe-CHO CHMe*CH(OH) CHMe-CH-CN CHMe-CH-COaH 

CMea-COaH CMea-(50^ ^ 

(XXV.) (XXVI.) (xxvn.) (xxvin.) 

lactonic acid should exist in two inactive forms, but only one has yet 
been isolated. On treatment with alkaline permanganate, the 
lactonic acid passes into trimethylsuccinic acid, no trace of the 
desired keto-acid being formed, although Balbiano’s lactoxuc acid (I) 
under similar conditions furnishes the keto-acid (IV). Further 
experiments for the synthesis of the keto-aoid are in progress. 

Experimental. 

Preparation of Trimethylsuccinic Acid . — ^At the commencement 
of this research most of the trimethylsuccinic acid was prepared 
according to the method of Bone and Sprankling (J., 1899, 75, 862). 
It was subsequently found, however, that Higson and Thorpe’s 
method (J., 1906, 89, 1466) was by far the best for obtaining the 
acid in quantity. 

The condensation of acetbnecyanohydrin with ethyl sodiooyano- 
acetate is best carried out as follows : A suspension of the sodio- 
derivative of ethyl oyanoacetate, prepared from sodium (30 g.), 
alcohol (480 c.c.), and cyanoacetic ester (155 c.c.), was gradually 
added with vigorous shaking to a solution of freshly distilled acetone- 
cyanohydrin (118 g.) in 80 c.c. of alcohol, cooled in ice. The 
product was kept in ice for 12 hours and then at the ordinary- 
temperature for 2 days. The viscous mass was mixed with methyl 
iodide (90 c.c.) and gently- heated under reflux until neutral ; the 
ethyl ap-dicyano-app-trimethylpropionate, b. p. 159 — 162®/25 mm., 
isolated in the usual way, was hydrolysed by 12 hours’ boiling with 
seven times its volume of concentrated hydrochloric acid, thus 
giving an almost quantitative yield of trimethylsuccinic acid, which 
had m. p. 149® after one crystallisation from dilute hydrochloric 
acid. 

The anhydride, prepared by boiling the acid with an excess of 
acetyl chloride, is best purified by distillation under reduced pressiliJSV 
from a Qaisen flask provided with a fractionating side arm. 
obtained as a colourless oil, b. p. 110°/10 mm., which on 
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soKdifies to a crystalline mass (Pound : C, 58-8 ; H, 7-3. Calc. : 
C, 59-2 ; H, 7*0%). 

Synthesis of oL^^-TrimetJiyUcevulic Acid (formula as VII). — Action 
of sodium dthoxide on trimetkylsuccinic anhydride. To the anhydride 
(35*6 g.)j dissolved in absolute alcohol (120 c.c.) and cooled in a 
freezing mixture, was gradually added a solution of sodium ethoxide 
(sodium, 5-75 g. ; alcohol, 144 c.c.) so that the temperature did not 
rise above 0° ; after 2 — 3 hours the excess of alcohol was distilled 
off under reduced pressure at 40®. The solid residue was dissolved 
in water, and the solution extracted with ether to remove any 
neutral ester. The aqueous solution was slightly acidified with 
dilute sulphuric acid, and the liberated oil collected in ether. * On 
drying and distilling off the ether, a viscous oil remained which did 
not solidify in a vacuum, and when cooled in a freezing mixture 
passed into a thick jelly-like mass (Found, in silver salt ; Ag, 38-8. 
Calc. : Ag, 38*4%). It decomposed on distillation under reduced 
pressure (compare Bone, Sudborough, and Sprankling, loo, cH,, 
p. 551). 

The acid ester (42 g.) was warmed with freshly distilled thionyl 
chloride (25 c.c.) in a glycerol-bath at 55°, and excess of thionyl 
chloride was removed under diminished pressure. The residual oil 
was dissolved in an equal volume of dry benzene, and the solution 
gradually added to a solution of zinc methyl iodide, prepared by 
heating over-night a mixture of zinc copper couple (60 g.), benzene 
(30 c.c.), methyl iodide (30 c.c.), and ethyl acetate (15 c.c.) ; the 
mixture was vigorously shaken and kept at 0° during the reaction, 
and then allowed to attain the ordinary temperature (1 hour). 
Dilute sulphuric acid was added, the benzene layer separated, washed 
successively with dilute caustic potash solution, water, and saturated 
ammonium sulphate solution, dried, and the solvent removed. The 
residue on distiUation under diminished pressure boiled constantly 
at 113°/18 mm., giving a colourless oil with a terpene-like smell. 
Preliminary examination showed this to consist of a mixture of 
several substances, wldoh were separated as follows : The oil 
(30 g.) was heated under refiux for 1 hour with a solution of potass- 
ium hydroxide (30 g.) in water (30c.o.) and methyl alcohol (60 c.c.) ; 
the excess of alcohol was evaporated, the residue extracted with ether 
to remove unchanged ester, the aqueous solution acidified, again 
extracted, with ether, and the solvent removed. The residual oil 
(24 g., moist) was dissolved in water (30 c.c.) and the solution gently 
warmed on the steam-bath for ^ hour with the addition of semi- 
carbazide hydrochloride (16 g.)^, sodium acetate (30 g.), and water 
(60 C.C.). On standing at the ordinary temperature for 20 hours, a 
considerable amount of a crystalline semicarbazone separated ; this 
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was collected and the filtrate extracted several times with ether, 
dried, and evaporated, giving an oil which, when purified in the 
usual way, proved to be trimethylsuccinic acid. 

The crude semicarbazone was repeatedly crystallised (at least 
20 times) from methyl alcohol, whereby two fractions were obtained, 
m, p.’s 174° and 155°, together with a large middle fraction melting 
indefinitely between 160 — 168°, from which no definite product 
could be isolated. The semicarbazone^ m. p. 155°, is readily soluble 
in methyl alcohol and crystallises in minute, colourless prisms 
(Pound : C, 50-1 ; H, 7-9. C 5 H 17 O 3 N 3 requires 0, 50-2 ; H, 7'9%). 

The pure semicarbazone (17 g.) was heated on the steam-bath mth 
concentrated hydrochloric acid (26 c.c.) and water (25 c.c.) until the 
crystals had entirely disappeared. The product was then extracted 
with ether and dried. The residue obtained on evaporation of the 
ether readily solidified in an evacuated desiccator to a crystalline mass 
(10 g,). (It is essential that the semicarbazone used be very pure ; 
otherwise the acid is obtained as a gum which is difficult to purify.) 

a^^‘Trirnethyhlcevulic acid crystallises from light petroleum 
(b. p. 40 — 60°) in clusters of flattened prisms, m. p. 65 — 66° (Pound : 
C, 60*9 ; H, 8*9. C 3 H 14 O 3 requires 0, 60*8 ; H, 8*9%), moderately 
soluble in most solvents. The ethyl ester, prepared from the pure 
acid by Phelp and Tillotson’s alcohol-vapour method, had b. p. 
110°/14 mm., df 0*981637, nf 1*43638, [Bj^h 49*6 (calc., 50*0) 
(Pound ; C, 64*3; H, 9*8. requires C, 64*5; H, 9*7%). 

The less soluble semicarbazone crystallises from methyl alcohol in 
beautiful iridescent prisms, m. p. 174° (Pound : C, 60*2; H, 7*7. 
C 9 H 17 O 3 N 3 requires C, 60*2 ; H, 7*9%). When this was treated with 
dfiute hydrochloric acid, as described for the other semicarbazone, 
cLaL^4rimethyl4(Bvvlic acid was obtained as an oil which gradually 
solidified to a hard crystalline mass; it was purified by careful 
evaporation of its ice-cold solution in ethyl bromide-light petroleum 
(b. p. 40 — 60°), and thus obtained in minute, transparent prisms, 
m. p. 77 — ^78° (mixed m, p, with agp-trimethyl-lsevulic acid, 52°) 
(Pound: C, 60*8; H, 8*9. C 3 H 14 O 3 requires C, 60*8; H, 8*9%). 
Its constitution follows from its rational synthesis (see below). 

Oxidation of a^^-Trimethyldcemlic Acid with Sodium Hypo- 
bromite . — ^The pure acid (1 g.) was dissolved in aqueous caustic 
potash, cooled to 0 °, and mixed with a solution of potassium hypo- 
bromite, prepared from bromine (1 c.c.), potassium hydroxide 
( 2*6 g.), and water (46 c.c.). After remaining for 3 hours, tiie liquid 
was treated with sulphur dioxide, strongly acidified with dilute 
sulphuric acid, and extracted with ether. The dried extract pu "; 
evaporation left a solid residue which was identified as trime&|^^ 
succinic acid by its m. p. and by direct comparison. , ^ 
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Attem^pied Synthesis of oLOL^-TrimethyUlcemlic Acid (IX). 

Trimethylacrylio Acid , — ^Ethyl g-iiydroxy-app-trimetliylpropionate 
was prepared by the condensation of acetone with ethyl a-bromo- 
propionate and zinc in accordance with the directions of Perkin and 
Thorpe (J., 1896, 69, 1482), and obtained as a colourless oil, b. p. 
99®/28 mm. The low-boiling fractions on distillation at the ordinary 
pressure yielded an appreciable amount of mesityl oxide. The 
hydroxy-ester (32 g.) was gradually mixed with phosphorus penta- 
chloride (50 g.), and the clear liquid gently heated on the steam-bath 
for 1 hour. After being cooled, the product was poured into ice- 
water, the oil extracted with ether, and the solvent evaporated. The 
residue was hydrolysed by boiling with an excess of alcoholic 
potash, and after removal of the excess of alcohol, the solution was 
acidified, extracted with ether, the extract dried, and the ether 
evaporated. On distillation, a^p-trimethylacrylic acid was obtained 
as a colourless oil, b. p. 114 — 115®/27 mm., which partly solidified 
on cooling, and was recrystallised from methyl alcohol ; colourless 
plates, m. p. 70—71^ (Found : C, 63-1; H, 8 - 8 . Calc. : C, 63*2; 
H, 8.8%). 

Methylmesityl Oxide, — ocpp-Trimethylacrylyl chloride, b. p. 144 — 
146^/766 mm. (compare Perkin and Thorpe, he, cit, p. 1480), was 
treated with zinc methyl iodide in the usual way and the ketone 
isolated and distilled (b. p. 146^) ; its semicarbazone separated from 
dilute alcohol in colourless plates, m. p. 186® (Found : C, 67.3 ; 
H, 8-9. C 8 H 15 OIT 3 requires C, 56-S; H, 8-9%). Methylmesityl 
oxide condensed with malonic ester under the following conditions : 
A solution of ethyl sodiomalonate (sodium, 1-15 g. ; absolute 
alcohol, 14 c.c. ; ethyl malonate, 8*6 g.) was heated under reflux 
with methylmesityl oxide (5-6 g.) for 18 hours ; the excess of alcohol 
was distilled off, the mixture diluted with water (100 c.c.), and the 
neutral products were extracted with ether. The aqueous solution 
was then mixed with potassium hydroxide ( 4*5 g.), the whole boiled 
for 15 minutes, acidified with dilute sulphuric acid, and boiled until 
no more carbon dioxide was evolved ; the yellow oil which separated 
solidified on cooling and was crystallised from water (charcoal) with 
the addition of a few drops of alcohol. The colourless needles, 
m. p. 100 — 101 ®, were evidently trimethyldihydroresorcmol (compare 
Grossley, J., 1901, 79, 141) (Found: 0, 70.1; H, 9*3. Calc. : C, 
70-1; H, 9 . 1 %). 

Action of Potassium Cyanide on Methylmesityl Oxide , — Attempts 
to condense the ketone with 1 mol. of hydrocyanic acid were fruitless, 
for its reaction with 2 mols, could not be prevented. The ketone 
{11-2 g.) was dissolved in alcohol (76 c.c.), and the solution boiled 
under^reflux with potassium cyanide (26 g, in 78 c.c. of water) 
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for 4 hours. The mixture was evaporated on the steam-bath, and 
the viscous product boiled with a large excess of concentrated hydro- 
chloric acid. The excess of acid was then removed, and the solid 
residue mixed with water and filtered. The solid (XI) was crystal- 
lised (charcoal) from acetic acid, separating in colourless, silky 
needles, m. p. 238° (decomp.) (Found : C, 58-4; H, 8*1. C 9 H 15 O 3 N 
requires C, 58*4; H, 8-1%), easily soluble in glacial acetic acid, 
moderately soluble in boiling acetone, and sparingly soluble in 
other organic solvents. The compound was acidic, and resembled 
mesitylic acid in its general properties. 

The aqueous filtrate (above) was repeatedly extracted with ether, 
and the extract dried and evaporated ; the oily residue readily gave 
a crystalline semicarbazone, which separated from alcohol in colour- 
less, shining prisms, m. p. 176° (decomp.) (Found : C, 60*5 ; H, 8 - 1 . 
C 9 Hi 70^3 requires C, 50-2; H, 7*9%). There can be no doubt 
that this is the semicarbazone of aap-trimethyl-lsevuHc acid, but 
owing to the small yield the solid acid could not be obtained from it. 

Synthesis of aoL^-TrimethyUlcevulic Acid. 

Ethyl ^‘HydTOxy-oLo:^4rimethyhri-valerate (XII). — mixture of 
dry methyl ethyl ketone (55 g.), ethyl a-bromoi5obut3?Tate (150 g.), 
benzene (300 c.c.), and zinc turnings (60 g.) was boiled under 
reflux on the steam-bath for \ hour. IMHnute quantities of iodine 
were then added until the reaction started. The flask was removed 
from the steam-bath and the vigorous reaction allowed to proceed 
by its own heat, the mixture being finally heated on the steam-bath 
for 15 minutes. Ethyl ^‘hydroxy-^a^4rime1hyl-xi-v^ was isolated 
from the mixture and purified in the usual way, being obtained as a 
colourless, mobile oil, having a faint ethereal smell (yield, 65%), 
b. p. 92°/ll mm. (Found: C, 63-6; H, 10-2. CioHgoOg requires 
0,63*8; H, 10*6%). 

ct^^-Trirmthyl-li^-';pentenoic Acid (formula as XIII). — ^The hydroxy- 
ester (68 g.) was mixed with phospWus pentoxide (40 g.) under dry 
benzene (75 c.c.), and the mixture was slowly distilled imder 
ordinary pressure until most of the benzene had passed over. The 
distillation was then continued under reduced pressure and a con- 
siderable amount of a low-boiling fraction collected; on redistil- 
lation, almost the whole fraction boiled at 100 — 102°/46 mm., 
giving the ester (XIII) as a colourless, transparent oil, having a 
sweet smell; dl?'®’ 0*906942, Tig®* 1*43878, 49*3 (calc., 49*5) 

(Found : C, 70*1 ; H, 10*8. C 10 H 18 O 2 requires C, 70*6 ; H, 10*6%). 
A chlorofom solution of the ester was ozonised and then gave a good?, 
yield of acetaldehyde, identified as ethylidene-^-dinaphthyl oxii^l 
m. p. 170° (mixed m. p. with an authentic specimen 171°). * 
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The ester was hydrolysed with 10% methyl-alcoholic potash, and 
the resulting, aap-^n? 7 l 6 ^%Z-A^-pe 7 ^te?^o^c acii had b. p. 113°/10 mm., 
rfjr-’ 0-963434, 1-45283, [JSJd 39-8 (calc., 40*2) (Found, for 

silver salt : Ag, 43*8. CgHi 302 Ag requires Ag, 43-4%) ; the 
'p-tohiidide^ prepared from the acid chloride and p-toluidine, crystal- 
lised from light petroleum (b. p. 40 — 60°) in long, silky needles, m. p. 
71° (Found: C,77*9; H,9*0. CisH^iON requires C, 77-9 ; H, 9-1%). 

Lactone of y•Hydroxy-o^oL^4rimethyl•^.^-perUe7loic Acid (XVI). — 
The foregoing acid was dissolved in dry carbon disulphide, and to 
the solution, cooled to 0 °, a slight excess of bromine was added. 
After remaining in the cold for a few hours, the solvent was removed. 
The solid residue thus obtained could not be purified owing to the 
ease with which it lost hydrobromic acid. The crude product was 
therefore distilled from a glycerol-bath; a considerable evolution 
of hydrobromic acid took place, and between 210 ° and 260° (bath 
temperature) a large amount of brown oil distilled over. This was 
collected in ether, washed with a dilute solution of sodium carbonate, 
dried with sodium sulphate, evaporated, and the residue distilled 
under reduced pressure. After several distillations, a considerable 
amount of a low-boiling fraction (b. p. 76 — 80°/13 mm.) was isolated, 
together with a small amount of a higher-boiling fraction (b. p. 
1I0°/13 mm.) which still contained some bromine and was not 
further investigated. The first fraction was again washed with 
sodium carbonate, dried, and distilled, the lactone being obtained 
as a colourless, halogen-free liquid, b. p. 80°/13 mm., having a 
characteristic burning smell (Found: C, 68*7; H, 8 - 8 . CgH^gOg 
requires C, 68 * 6 ; H, 8 - 6 %). 

act^-Tnrneihyl’icevulic Acid (IX). — ^The unsaturated lactone was 
boiled under reflux with 20 % methyl-alcoholic potash for 2 hours. 
The alcohol was evaporated, the residue acidified, and extracted six 
times with ether ; when freed from solvent, ultunately in a vacuum 
desiccator over sulphuric acid, the acid was obtained as a colourless 
solid, m. p. 77 — ^78° after reorystaHisation from ethyl bromide-hght 
petroleum (b. p. 60 — 80°) (Found: C, 60*7; H, 9-0. Calc, for 
C 3 H 14 O 3 : C, 60*8 ; H, 8-9%), and was identical in all essential 
respects with the acid obtained previously (p. 2613), giving a semi- 
carbazone, m. p. 173° (Found: C, 50*6; H, 7-9. Calc, ; C, 60-2; 
H, 7*9%). 

The ^-niirophenylhydrazom forms yellow, flattened needles, 
m. p. 207° (with previous softening), showing slight dichroism 
(Found: 0,57-2; H, 6 - 6 . requires C, 57-3 ; H, 6-5%). 

The piperonylidene derivative crystallises from dilute alcohol 
(charcoal) in lemon-yellow needles, m. p. 115° (Found; C, 66*2; 
H, 6-1, requires C, 66 - 2 ; H, 6 * 2 %). 



OF OEBTAIN y-KETONIO ACIDS, ETC- PART II. 


2617 


Synthesis amd Properties of y~Keto~(x.^^4rimethylpropane’Ccy-di‘ 
carboxylic Acid (Balbiand^s Acid) (IV). 

Oxidation of a^^-Trimethyldcevulic Acid. — ^To a mixture of 
app-trimethyl-laevulic acid (5 g.), potassium hydroxide (2 g.), and 
water (200 c.c.), was added a solution of permanganate (12 g.) and 
caustic potash (4 g.) in 300 c.c. of water, the mixture being cooled 
in running water. In the course of 2 — 3 hours the colour of the 
permanganate disappeared, and after a further 12 hours the greenish 
liquid became practically colourless. The manganese precipitate 
was collected and washed several times with hot water, and the 
combined aqueous filtrates were concentrated, cooled, acidified with 
hydrochloric acid, and extracted with ether. The solid residue 
(3*5 g.), which remained after removal of the last traces of ether in a 
vacuum desiccator, was exactly neutralised with caustic soda, mixed 
with a 30% solution of calcium chloride, filtered, and the clear 
solution boiled on a sand-bath for 1 hour. The crystalline precipitate 
which separated on cooling was collected, washed, suspended in 
water, and decomposed with concentrated hydrochloric acid in 
presence of an excess of ether. The ethereal layer was separated, 
washed, dried with anhydrous sodium sulphate, and evaporated. 
On being kept in a desiccator, the residue soHdified to a snow-white, 
crystalline mass, which melted at 119® after having been rubbed with 
a little chloroform, and consisted of pme Balbiano’s acid (Found : 
0, 51-1; H, 6’6. Gale. : C, 51-0; H, 64%). The identity was 
further established by direct comparison with an authentic specimen 
of the acid prepared from camphoric acid and by the following 
characteristic reactions, 

(1) Formation of guinoxaline derivative. A considerable quantity 
of this substance accumulated in the course of the preliminary 
experiments on the oxidation of trimethyl-lsevulic acid and its ethyl 
ester.* The crude acid resulting from the oxidation was mixed with 
an excess of o-phenylenediamine and glacial acetic acid and gently 
warmed on the steam-bath for -I hour ; excess of acetic acid was 
removed, and addition of a large excess of water then precipitated a 
solid which crystallised from methyl alcohol (charcoal) in magnificent 
shining plates, m. p. 223 — ^224® with previous softening (mixed 
m. p. with an authentic specimen 223 — ^224° ; compare Kon, Steven- 
son, and Thorpe, foe. cit.) (Found : C, 64-5; H, 6-5. Calc. : 0, 64-6; 
H, 6-2%). 


* Owing to the extraordinary ease with which ethyl ajSjS-trimethyl-laevulate, 
is hydrolysed by alkali, twice the theoretical quantity of permanganate 
be used when this ester is employed in the synthesis of Balbiano’s aci^j^j 
otherwise the alcohol produced reduces the whole of the permanga^iMM 
leaving the laevulic acid practically unchanged. 
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(2) Formxliion of a^^-trimethylgluiaric acid. The synthetic acid 
(2 g.) was heated with hydriodio acid (12 c.c., d 1-9) and red phos- 
phorus (1 g.) for 15 hours in a closed tube at 150 — 160°* The 
colourless solution was extracted with ether and the solid residue 
from the extract was dissolved in ammonia and boiled with a 
solution of calcium chloride. The precipitated calcium salt was 
collected and decomposed with dilute hydrochloric acid ; the free 
acid, isolated in the usual way, crystallised from dilute hydrochloric 
acid in glistening prisms, m. p. 86 — 87° (Found : C, 554 ; H, 8-2. 
Calc.: C,55-2; H,8-l%). 

(3) Formation of trimethyl&uccinic acid. The crude oxidation acid 
was heated in a sulphuric acid bath, the melt extracted with boiling 
water, and the succinic acid isolated and purified in the form of its 
calcium salt; after one crystallisation from dilute hydrochloric 
acid it melted at 148° (compare Mahla and Tiemann, Zoc. cit.) 
(Found : C, 524; H, 7*5. Calc. : C, 52*5 ; H, 7*5%). 

The following experiments were made with a specimen of Bal- 
biano’s acid prepared from camphoric acid by oxidation with 
alkaline permanganate (Balbiano, loc, cit ; Rothstein, Stevenson, 
and Thorpe, he. ciL). The yield of the keto-acid is considerably 
reduced if the temperature is allowed to rise above 30°. The acid 
was isolated as the characteristic calcium salt and purified in the 
usual way. 

The anhydride (XVII) was prepared by the following modification 
of Balbiano ’s method : The acid (5 g.) was boiled under reflux with 
acetic anhydride (20 c.c.) for 2 hours, the excess of acetic anhydride 
was removed under reduced pressure, and the residue kept in a 
desiccator. Since the product did not show any tendency to solidify, 
its constitution was confirmed by conversion into a crystalline 
naphthylamic acid by dissolving it in benzene and boiling the solu- 
tion under reflux with a slight excess of p-naphthylamine for J hour. 
It was then diluted with ether and washed with dilute hydrochloric 
acid and water. The naphthylamic acid (XVIII) was dissolved in 
sodium carbonate and precipitated with dilute acid ; it crystallised 
from dilute methyl alcohol (charcoal) in colourless, shining scales, 
m. p. 177° (decomp.), and behaved on titration as a monobasic acid 
(Found : 0, 68*8 ; H, 6*3 ; M, 315. Calc. : 0, 69*0 ; H, 6*1% ; Jkf, 313). 
It does not condense with o-phenylenediamine, and decomposes on 
heating with the formation of resinous products. 

Actum of Alkali on Balbiano!*s Acid. — ^The acid (5 g.) was boiled 
with a solution of potassium hydroxide (60 g.) in water (40 c.c.) for 
3 hours, the product cooled in ice, acidified with hydrochloric acid, 
and extracted several times with ether. On evaporation of the 
solvent, a solid (3*9 g.) remained, which was proved to be unchanged 
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Balbiano’s acid by its m. p. (119®) and by the formation of the 
quinoxaline derivative (m. p. 223—224°). Under the above con- 
ditions, therefore, Balbiano’s acid remains practically unchanged and 
does not show any tendency to pass into a hydroxyci/cZopropane acid. 

Reduction with Sodium Amalgam. — ^The acid (5 g.) was dissolved 
in sodium carbonate and mechanically stirred with 300 g. of 3% 
sodium amalgam ; the solution was concentrated, cooled, acidified 
with dilute hydrochloric acid, and extracted with ether. The 
residue from the ethereal extract was neutralised with alkali and 
boiled with a solution of calcium chloride to remove any unchanged 
keto-acid. The clear filtrate was acidified with hydrochloric acid 
and extracted with ether. The residue from evaporation of the 
extract was repeatedly crystallised from ethyl acetate-light 
petroleum (b. p. 60 — 80°) and yielded the expected lactonio acid in 
flattened needles, m. p. 163° (Found : C, 56-0 ; H, 7'3. Calc*. : 
0,56-8; H,7-0%). 

Attempt to Prepare the Keto-acid (XXIV). — ^The oxidation of 
flcap-trimethyl-lsevulic acid (IX) was carried out in an exactly similar 
manner to that of apjS-trimethyl-lsevulic acid and appeared to 
proceed as before, but the product did not condense with o-phenyl- 
enediamine, and after recrystallisation from dilute hydrochloric 
acid it was identified as trimethylsuecinic acid, m. p. 149°. 

Condenacdion of Chloroacetic Ester with Dimethylacetoacetic Ester . — 
Since a considerable amount of dimethylacetoacetic ester had 
accumulated in course of the preparation of aap-trimethylglutaconic 
acid, which had been used in unsuccessful eflEorts to prepare the 
lactone (XXViJi) by reduction, an attempt was made to convert 
it into the semi-aldehyde of trimethylsuecinic acid (XXV) by 
condensation with chloroacetic ester and sodium ethoxide (Darzens, 
Compt. rend., 1904, 139, 1215), followed by hydrolysis and distil- 
lation of the resulting oxidic ester, C 02 Et* 0 Meo’C!Me*CH' 0 OoEt . 

“ \)/ 

A mixture of dimethylacetoacetic ester (80 g.) and chloroacetic 
ester (90 g.) was cooled in a freezing mixture, and finely powdered 
sodium ethoxide (60 g.) added in smaU quantities with vigorous 
shaking. After remaining at the ordinary temperature over-night, 
the mixture was heated on the steam-bath for 6 hours. The dark- 
coloured mass was then mixed with water and extracted with ether. 
The ethereal extract was washed with sodium carbonate, dried, and 
evaporated. On distillation the residue gave a considerable amount 
of unchanged dimethylacetoacetic ester in the low-boiling fractions, 
and subsequently the oxidic ester was obtained as a oolourjte^ 
liquid, b. p. 162° /26 mm. (yield, 30%) (Found ; 0, 68 - 6 ; 

CX 2 H 20 O 5 requires C, 59-0 ; H, 8-2%). Ihis ester on hydrolysif^]^ 
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distillation yielded an extremely viscous oil, which did not give 
any semicarhazone and is still under investigation. 

Synthesis of the Lactonic Acid (XXVIII).— Preliminary attempts 
were made to prepare this acid from aap-trimethylglutaric acid, but 
the latter could not be obtained in suitable condition either by 
Perkin and Thorpe’s method (J., 1896, 69, 1187), by catalytic 
reduction of the corresponding glutaconic acid, or by the con- 
densation of ifiobutaldehyde with ethyl ethylidenemalonate. 
Ultimately, however, the semi-aldehyde of trimethylsuccinic acid was 
prepared by Blaise and Courtout’s method (Zoc. cit), and, although 
it exists in the lactol form (XXVI), it was found to condense with 
hydrocyanic acid, thereby enabling the synthesis to be effected as 
follows : A mixture of the semi-aldehyde (5 g.), potassium cyanide 
(98%, 9*2 g.), and water (15 c.c.) was cooled in a freezing mixture, 
and to it was gradually added (2 hours) the calculated amount of 
concentrated hydrochloric acid (11*5 c.c.) ; after remaining in the 
cold over-night, the mixture was warmed on the steam-bath with 
the addition of hydrochloric acid (5 c.c.). The resulting oil was 
collected in ether, washed with dilute sodium carbonate, dried, and 
the ether distilled off. The residue of almost pure eyano-lactone 
(XXVH) was hydrolysed with concentrated hydrochloric acid, and 
the clear solution extracted several times with ether. Eemoval of 
the solvent left an oil which slowly solidified to a crystalline mass, 
and repeated crystallisation from toluene gave the lactone of 
oi^-hydroxy-(xa^4rimethylglutaric acid in stellate clusters of fan-shaped 
needles, m. p. 110® (Found : C, 55*5; H, 7*0. C8H12O4 requires 
0, 55*8; H, 7*0%). The mother-liquor from the crystallisation 
jrielded on evaporation a gum which was not further investigated. 
On oxidation with alkaline permanganate the lactonic acid gave 
trimethylsuccinic acid as the sole product. 

aa^Dihydroxy-^^-dimethylffluiaric Acid. — ^This substance was pre- 
pared by the oxidation of pp-dimethyl-lsBvulic acid with alkaline 
permanganate. The crude product, which was obtained as a gum, 
was dissolved in ammonia, and the sparingly soluble calcium salt 
precipitated by warming with a solution of calcium chloride. The 
acid was regenerated with dilute hydrochloric acid and extracted 
with ether. The solid residue, purhSed by repeated crystallisation 
from chloroform, was obtained in silky needles, m. p. 82-83° 
(Pound: G, 43*9; H, 6*4. Calc.: 0,43*7; H, 6*3%); the identity 
of this .substance with aa-dihydroxy-PP-dimethylglutaric acid 
(Perkin and Thorpe, J., 1901, 79, 757) was established by direct 
comparison and by a mixed m. p. This shows, therefore, that the 
method by which Balbiano^s acid has been synthesised is a very 
general one. 
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CCCXLV . — Attempts to Synthesise Norpinic Acid. 

By Geoegb Eogee Clemo and Kenneth Norman Welch. 

Since norpinic acid, one of the key compounds of terpene chemistry, 
was given the constitution (I) by Baeyer (Bar,, 1896, 29, 1907), 
numerous unsuccessful attempts at its synthesis have been made. 
The claim of Ganguly (J. Indian Imt, Sci,, 1922,23)must beinoluded 
in this category, since, although it has only been possible to refer 
to an abstract of the paper, this states definitely that Ganguly*s 
experiment cannot be regarded as successful. The following is a 
brief account of synthetic work designed to achieve this end, in 
which results of interest have been obtained although final success 
has not been reached. The continued inability to synthesise this 
acid is not easy to understand from Ingold’s modification of the 
Baeyer strain theory (J., 1915, 107, 197, 1082), in view of the fact 
that c^cZobutane-1 : 3-dicarboxylio acid is easily prepared (Perkin 
and Simonsen, J., 1909, 95, 1171). 

The first synthetic method to be tried was to prepare (II) by con- 
densing dimethylketen with maleic or fumaric ester. On hydrolysis, 
this should lose carbon dioxide, and the cyanohydrin of the resulting 
keto-acid by treatment with hydrobromic acid followed by the 
replacement of the bromine atom by hydrogen should yield (T). 


CH-COaH CO 

MegCC^^CHa 

CT-COgH ^-COaEt 

(10 (H.) 


CO 

Me^G(\G{GO^Et),^ 

XcOaEt)^ 

(in.) 


Only polymerised dimethylketen and unchanged ester, however, 
could be isolated from the reaction mixture, even when one or both 
of the reagents were produced in situ, and therefore presumably in 
an active phase, as by the action of a mixture of zinc and cop;^ 
powder on an ethereal solution of a-bromoiaobutyryl bromide 
ap-dibromosuocinic ester. Likewise, condensation could 
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effected between a-bromoisobutyryl bromide and sodioethane- 
tetracarboxylic ester to give the compound (III). 

The preparation of ethyl aa-dimethyltrioarbaJlylate, 
CMe2(CO2Et)-0H(CO2Et)-0Ha-COaEt, 
was then investigated with a view to carrying out the Dieokmann re- 
action on it to give (II). The corresponding acid has been obtained 
by the oxidation of pinic acid (Tiemann and Semmler, Ber,, 1896, 
28, 1349), of dihydroxycamphoceanic acid (Jagelki, Ber,, 1899, 32, 
1509), and of fenchone (Gardner and Cockburn, J., 1898, 73, 708), 
and also synthetically from ethyl a-bromoiaobutyrate and ethyl 
sodiocyanosuccinate, followed by hydrolysis. It was thought, 
however, that it might be easily prepared from the more accessible 
bromoacetic ester and sodio-ap-dioyanoiaovalerio ester, which is 
readily obtained by the action of acetonecyanohydrin on sodium 
cyanoacetic ester (Higson and Thorpe, J., 1906, 89, 1455). In 
spite of the fact, however, that a much improved method for the 
preparation of acetonecyanohydrin has been worked out, the poor 
yields of dimethyltricarbaflyhc acid thus obtained render it im- 
practicable to prepare thus the necessary amount for the full investig- 
ation of this synthetic method. 

Attention was then directed to the action of formaldehyde and 
its derivatives on isopropyUdenedimalonio ester, OMe 2 l[OH(C 02 Et) 2 ] 2 , 
which has been prepared from isopropylidenemalonic ester (Kotz, 
J. pr. Ghem,^ 1907, 75, 494). The latter ester has been prepared by 
condensing acetone with malonic ester in the presence of acetic 
anhydride and zinc chloride (Meyenberg, Ber., 1896, 28, 786), and 
by modifying this method we have consistently obtained yields of 
50%. It has not been found possible, however, to obtain the yields 
of isopropylidenedimalonic ester claimed by Kotz, whose method is 
inconvenient on a large scale; pelds of 10% were obtained by 
forming the sodiomalonic ester and carrying out the condensation 
in alcoholic solution in sealed tubes, but the bulk of the isopropyl- 
idenemalonic ester was recovered unchanged. Eventually, however, 
10 g. of isopropylidenedimalonic ester were accumulated, but when 
its sodio-derivative was treated with methylene iodide, isopropyl- 
idenemalonic ester and a higher-boiling compound, apparently 
methylenedimalonie ester, resulted instead of the expected cyclo- 
butane derivative. These results can be explained on the assump- 
tion that the Michael reaction is reversible (Ingold and Powell, J,, 
1921, 119, 1976). 

Acting on this basis, we attempted to condense methoxymethyl- 
malonie ^ter with isopropylidenemalonic ester to give 
CSH(C02Et)2-GMe2-C(C02Et)2-CH2-OMe, 
since if this ester were formed it could lose methyl alcohol with the 
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formation of the cycfobutane derivative and thus force the balanced 
Michael reaction to completion. No condensation, however, could 
be efEected. 

It was then decided to make sodio-ay-dicarbethoxyglutaconic 
ester (Conrad and Guthzeit, AnnaUn, 1884, 222, 250) the starting 
point for the synthetic schemes : 


CH3-C0-9(C02Et),^^5l^^ 


Na9(C02Et)j 

b(G0aEt)2 


cue,' 


8(COaEt)5 

/C(C02Et)a 

CHMe/ >CH 


reduction of double bond 
and loss of water 


!(C02Et)a 


brail 

0(C0aEt)a 

qG0aEt)2 

Addition of Pr, ; ^ 


elimination of HBr, 
and reduction. 


The first method broke down, however, for the acetyl chloride reacted 
with the sodio-derivative in the enol phase, and the resultingO-acetyl 
compound then lost ethyl acetate to give ethyl ethoxy-a-pjn^one- 
dicarboxylate (IV), a compound previously described by Guthzeit 
and Dressel {Ber., 1889, 22, 1415). Since the second part of this 
scheme was investigated, an account of a similar reaction with 
idopropyl iodide has been published by Hariharan, Menon, and 
Simonsen (this voL, p. 431), but as our results throw some light 
on this peculiar reaction they are worth mentioning. In addition to 
the trimesic ester obtained by these authors, it has been found that a 
considerable quantity of malonic ester is present in the reaction 
mixture. This result indicates hydrolysis at the double bond in the 
first instance, followed by the loss of carbon dioxide as sodium 
carbonate and subsequent formation of trimesic ester by the well* 
known reaction from formylacetic ester. 


pOoEt 

HG— C=9-0Et OHa-CHBr-COgH 
OOaEt-O-CO-O GBr(C02H)-0H2Br 

(IVO (V.) 


yCBr-COaEt 
MeadBrNcHg (VI.) 
CHBr-COaEt 


The last line of synthetic attack to be tried was based on the 
observation of Perkii and Simonsen (J., 1909, 95, 1169), that a 
cycZobutane derivative resulted from the action of zinc and acetic 
acid on the compound (V). An attempt was made, therefore, to 
prepare (VI) from ethyl a-acetyiglutarate by the action of magnesium 
methyl iodide, followed by the replacement of the hydroxyl group 
by bromine, and subsequent bromination. Acetylglutaric ester has 
now been prepared in good yield from p-ohloropropionic ester apd 
sodioaoetoacetic ester* Magn^um methyl iochde reacts, however^ 
with the enol phase of this ester with evolution of methane^ 
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a-acetylgluta«ric ester was recovered on acidification of the reaction 
laaixture (compare Grignard, Gompt. rend., 1902, 134, 849). 

It was attempted to overcome this difficulty by preparing ethyl 
(x-bromo~oL-acetylglutarate, but the reaction with magnesium methyl 
iodide, in which iodine was eliminated, proved to be anomalous and 
resulted in the reduction of the bromo-ester to a-acetylglutaric 
ester. 

a-Acetyl-a-methylglutaric ester was then prepared in the hope that 
the methyl group would prevent both enolisation and reduction, 
but on treatment with the Grignard reagent the acetyl group was 
eliminated to give a-methylglutaric ester (compare Grignard, loc. 
cit). 

Li the course of some of the above reactions it became necessary 
to prove the presence of a-acetylglutaric ester as an end product, 
and accordingly a search was made for crystalline derivatives for 
the purpose of characterisation. When the ester is heated with 
aniline, diphenylcarbamide results, whilst treatment with gaseous 
ammonia in the cold in the presence of a trace of iodine gives ethyl 
-amirioethylideneyglv^^ 

CH3-C(NH2)-C(C02Et)-C!H2-CH2-C02Et, 
which on heating loses alcohol and forms the lactam (VII) (Emery, 
J, Amer. Chem. Soc., 1891, 13, 352). 

The action of benzenediazonium chloride on a-acetylglutaric 
ester under the conditions of the Japp-IOingemann reaction gave 
oi-carboxypentane-y^-dione-y-phenylhydrazone (VIII), whereas treat- 
ment of the ester with phenylhydrazine gave the pyrazolme (IX). 



NHPh-N=9-00-CH3 

OHa-CHa-COaH 


(Vm.) 


go— OH 

L 

KPhrlS 


CHa-COgEt 


Expebimbntal. 

oix-Dimetkyltricarballylic Acid. — ^Acetonecyanohydrin (10 g.) (see 
note, this voL, p. 2629) was condensed with sodiocyanoacetic ester 
(from cyanoacetic ester, 12 g.) in the manner of Higson and Thorpe 
(few. cit)^ The sodio-ap-dicyanoiaovaleric ester thus formed was 
refluxed with bromoacetic ester (20 g.) until neutral. Water was 
then added, the oil extracted with ether, the extract separated, dried, 
and fractionated, a considerable proportion of ap-dicyanoiaovaleric 
ester being recovered unchanged, together with 2 g. of material, 
b. p. above 160° /14 mm. This fraction was hydrolysed by refluxing 
with concentrated hydrochloric acid ; the solution was evaporated 
and the acid extracted with ether, and on evaporation of the ether 
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a syrup remained which partly crystallised on standing to give 
aa-dimethyltrioarhaUylic acid, m. p. 149°. 

imPropylid^nemalonic Ester, — ^Malonic ester (130 g.), acetic 
anhydride (120 g.), and a solution of zinc chloride (8 g.) in acetone 
(110 g.) were heated in thick sealed bulb-tubes in the water-bath 
for 80 hours. The reaction mixture was added to an equal volume 
of water and left for 24 hours with occasional shaking to decompose 
unchanged acetic anhydride. The ester was then separated, the 
aqueous layer extracted with ether, the extract added to the ester, 
and dried over sodium sulphate. After removal of the ether the 
residue was fractionated four times, giving 90 g. of isopropylidene- 
malonic ester, b. p. 116 — 120°/14 mm. (Found: C, 59-8; H, 8'0. 
Calc.: C, 60-0; H, 8-0%). 

isoProp^/?w^e7led^?7laZo^^-ic^/s^er. — isoPropylidenemalonic ester {20g.) 
was heated in alcoholic solution with an equivalent of sodiomalonic 
ester in a sealed tube in a water-bath for 24 hours. The alcohol was 
then removed, dilute sulphuric acid added, and the separated oil 
extracted with ether and distilled. The distillate, b. p. above 
160°/14 mm., was refractionated, yielding 3 g. of isopropylidene- 
dimalonic ester, b. p. 155°/1 mm. This was refluxed until neutral 
with two equivalents of sodium ethoxide and excess of methylene 
iodide in alcoholic solution, the product poured into water, extracted 
with ether and fractionated; isopropylidenemalonio ester passed 
over at 100 — 120°/14 mm., and a small quantity of methylene- 
dimalonic ester'above 160°/14 mm., as proved by hydrolysis to an 
acid, m. p- 97° (glutaric acid has m. p. 97-5°). 

Condensation of Sodio-ay-dirntbeffioxyglutaconic Ester with Acetyl 
Chloride. Ethyl Ethoxy-oi-pyronedicarboxylate (IV). — Sodiodicarb- 
ethoxyglutaconic ester (6 g. ; vacuum-dried over sulphuric acid), 
anhydrous ether (20 c.c.), and redistilled acetyl chloride (2 g.) were 
introduced into a small flask, the neck of which was immediately 
sealed, and allowed to stand for 5 days with occasional shaking. 
The ethereal solution was then filtered from sodium chloride and 
evaporated on the water-bath. As the last traces of ether were 
being removed a distinct smeU of ethyl acetate was noticed. When 
an attempt was made to distil the residue in a vacuum, decomposition 
occurred and the distillate, b. p. 180 — ^200°/3 mm., partly solidified 
in the receiver. The compound crystallised from benzene-light 
petroleum in colourless needles, m. p. 94°, not depressed by admixture 
with an authentic specimen of the pyrone (IV). 

Action of isoPropyl Bromide on Sodiodicarbeihoxyglutaconic Ester. 
— Sodiodicarbethoxyglutaconic ester (6 g.), alcohol (20 c.c.), artd 
isopropyl bromide (1-8 g.) were heated in a sealed tube at 
12 hours. When the tube was opened an inflammable gas {? 
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ene) was evolved, and when the alcoholic solution was decanted 
from the mixture of sodium bromide and carbonate, and a small 
volume of water was added, a solid separated. This having been 
collected, more water was added to the jSltrate. The resulting 
oil was extracted with ether and fractionated, giving 2 g. uj) to 
100*^/3 mm., 0*5 g. from 100 — 180®/3 mm., and 1 g. above 180°/3 mm. 
The last fraction partly solidified and, together with the solid 
collected initially, was recrystallised from alcohol and found to be 
trimesic ester, m. p. 131® (Found: C, 614; H, 6-1. Calc, for 
OigHjgOg : C, 61*2 ; H, 6*1%). On redistfilation, the first fraction 
boiled at 80®/14 mm., and on treatment with aqueous-alcoholic 
ammonia gave malonamide, m. p. 171®, mixed m. p. with an 
authentic specimen 171®. 

oL^Acetylglufaric Ester, — ^To a cooled solution of sodium (6 g.) in 
alcohol (150 c.c,), acetoacetic ester (33 g.) was added, followed, after 
cooling, by p-chloropropionic ester (35 g.), and the mixture was 
refluxed for 3 hours on the water •-bath. The excess of alcohol was 
then removed, water added to the residue, and the oil extracted with 
ether and fractionated ; after a small quantity of acetoacetic ester 
had passed over, ethyl a-acetylglutarate (40 g. ; 70%), b. p. 145— 
147®/12 mm., was obtained (Found: C, 57*5; H, 8*1. Calc, for 
OnH^gOg: C, 57*4; H, 7*8%), giving a deep blue coloration with 
ferric chloride. In addition, a small higher-boiKng fraction of ethyl 
y-acetylpentane-ayg-tricarboxylate passed over finally. 

Action of Magnesium Methyl Iodide on cc-Acetylglutaric Ester , — ^The 
Grignard reagent from 5 g. of methyl iodide was dropped into 
a-acetylglutaric ester (7 g.) in ether (50 c.c.), and the mixture kept 
over-night. Dilute sulphuric acid was then added, and the ethereal 
layer distilled, but the ester was recovered unchanged. 

cc^Bromo-cc-acetylglufaric Ester, — A& a result of many experiments 
the following method was adopted as the only one to give satis- 
factory yields of the bromo^ester : a-Acetylglutaric ester (11*5 g.) 
was shaken with water (16 c.c.) and calcium carbonate (2*6 g.), and 
bromine was added drop by drop ; the first 0*5 c.c, was rapidly 
absorbed, presumably by the enol phase of the ester, but further 
quantities of 0*5 c.c. reacted slowly, the mixture being kept cool and 
stirred, and the reaction appeared to be complete when 2*7 c.c. had 
been absorbed durmg the course of a week. The mixture was then 
extracted with ether and fractionated, the 6?'o?wo-compound (13 g.) 
passing over at 162— 165®/14 mm. (Found: 0, 42*2; H, 5*7. 

requires C, 42!*7 ; H, 5*5%). The compound gives no 
coloratioii with ferric chloride. 

Actum of Magnesiwm Methyl Iodide on oL-Bromo^a-cu^tylghdaric 
Jfaier.— The Grignard reagent from methyl iodide (5*6 g.) was dropped 
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into oc-bromo-a-acetylglutaric ester (10 g.) in ether (100 c.c.); 
a pale broTO solid separated and the mixture was left over-night and 
then decomposed by adding ammonium chloride solution. The 
ethereal layer, which on evaporation in the cold gave no coloration 
with ferric chloride, was dried, the ether removed, and the residue 
distilled in a vacuum ; iodine was evolved, and the distillate after 
treatment with caustic soda solution was proved to be a-aoetyl- 
glutaric ester by the ferric chloride colour reaction, and by con- 
version into the amino-derivative (see below). 

Ester, — ^This ester was prepared in 60% 
yield by the condensation of p-chloropropionic ester and methyl- 
acetoacetio ester as described above for a-acetylglutaric ester. 

Action of Magnesivm Methyl Iodide on oL-Acetyl-oL’-mefhylglutaric 
Ester. — ^The Grignard reagent from methyl iodide (3'5 g.) was 
dropped into a-acetyl-a-methylglutaric ester (6 g.) in ether (16 c.c.) 
and refluxed for 7 hours. On being worked up in the usual manner, 
the main fraction boiled at 120 — 140®/15 mm . and redistilled at 
122 — 126® /16 mm., and was therefore ethyl a-methylglutarate 
(Found: C,694; H, 8 - 6 . Calc.: 0,694; H, 8-9%). 

Ethyl oL-{ciL'-Aminoetliylidene)glutarate . — Gaseous ammonia was 
passed into a-acetylglutaric ester ( 5 ^.), containing a little iodine, for 
4 days. Water separated, and on cooling, the product solidified. It 
was collected, dried on porous plate, and when crystallised from light 
petroleum (b. p. 40 — 60®) by spontaneous evaporation gave large 
colourless prisms, m. p. 37® (Found : C, 67*8; H, 8 * 1 . CHH 3 L 9 O 4 N 
requires 0, 67*7; H, 8*3%), When this compound was heated 
to 190 — 220®, alcohol was eliminated and the lactam (Vni) formed, 
m. p. 156® (Found : C, 58*9 ; H, 6*9. Calc, for CgH^gO^ : 0, 69*9 ; 
H, 7*1%). 

Action of Aniline on a-Acetylgludaric Ester. — Aniline (1 g.), 
a-acetylglutaric ester ( 2*6 g.), and a trace of iodine were heated on 
an oil-bath at 140 — 160® for 4 hours. On cooling, the product 
solidified, and after recrystaUisation from methyl alcohol gave 
slightly brown needles, m. p. 238®, not depressed by admixture with 
a pure specimen of a-diphenylcarbamide. 

tt-CarboxypenUinA-y^-diom’y-phenylhydrazone {yB-Diketohexoic 
Acid Y’Phenylhydrazone). — a-Aoetylglutaric ester (4*7 g.), dissolved 
in a solution of caustic potash (24 g.) in water (9 c.c.), was kept for 
24 hours in a corked flask. Water (30 c.c.), acetic acid (3 c.c.), and 
ice were then added, the solution was vigorously stirred, and 
benzenediazonium chloride (from aniline, 2 g.), together with an 
excess of sodium acetate, added immediately. Carbon dioxide was 
evolved and a flesh-coloured solid separated, which after standi^,., 
ov^-night was collected, dissolved in sodium carbonate solutfiS#i ^ 
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and boiled with charcoal. The phenylhydrazom was reprecipitated 
by the addition of hydrochloric acid, and crystallised from alcohol, 
giving pale yellow needles, m. p. 178° (yield 80%) (Foimd : C, 61*6 ; 
H, 6 - 0 . C 12 H 14 O 3 N 2 requires C, 61-6; H, 6*0%); the highly 
crystallme sodium salt is sparingly soluble in cold water. 

Ethyl l-PhenyhZ‘methyl-5‘pyrazohne-4:-^~propioimte. — a- Acetyl- 
glutaric ester (10 g.), phenylhydrazine (4 g.), and acetic acid (1 drop) 
were mixed and allowed to stand for 3 hours. Ether was then 
added and the solution dried with sodium sulphate. The ether was 
removed and the residue heated on the water-bath for 10 hours and 
then distilled, giving the pyrazolone as a pale yellow oil, b. p. 
21o°/Z mm. (Pound: C, 65-7; H, 6*55. CigHigOsNa requires C, 
66-7; H, 6 * 6 %). 

ABMSTB02TG COLLEGE, 

Newcastle-on-Tyne. lEeceivedf July 7th, 3928 .] 


NOTES. 

Note on an Improved Method of Preparing Selenophen, By Hbnby 
Vincent Aird Briscoe, John Btjttisby Peel, and Percy Ltjcook 

Robinson. 

In the preparation of selenophen by heating selenium at 400° in a 
current of acetylene, considerable quantities of benzene and other 
hydrocarbons are also formed (Briscoe and Peel, this voL, p. 1741), 
By the following modification, however, the proportion of these 
inconvenient by-products may be greatly diminished. Selenium, 
in portions of 5 g., is heated in an inclined Pyrex tube, closed at the 
lower end, and provided with an axial inlet tube delivering acetylene 
some inches above the selenium and well below a side tube leading to 
a condenser. The middle of the tube is heated to redness, and the 
selenium is slowly vaporised by heating it from the surface down- 
wards. The first evidence of reaction is the flashing of the acetylene 
(compare Peel and Robinson, this voL, p. 2068) with deposition of 
carbon, and thereafter a liquid condensate is formed at the rate of 
3—4 c.c. in 4 hours. As in the previous experiments, the reaction 
proceeds more smoothly if the selenium is mixed with the carbon- 
aceous residue from previous runs. 

About 135 c.c. of the crude brown oil thus produced were fraction- 
aDy distilled through a 4-foot, glass, bead-filled column and a 1-foot, 
gls^s, spiral column for the more volatile and the less volatile fractions 
respectively, and yielded (i) 20 c.c. of benzene, b. p. 80° ; (ii) 80 c.c. 
of selenophen, b. p. 110 ° ; (iii) 10 c.c. of liquid hydrocarbons, b. p. 
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110 — 120°; (iv) 10 c.o. of liqmd hydrocarbons, b. p. 150 — 180°; 
(v) ,10 g. of naphthalene ; and (vi) 4 c.o. of a green liquid containing 
selenium. 

The last fraction, on microfractional distillation, gave as the 
middle fraction a sky-blue liquid, b. p. about 240 — ^260°, containing 
about 20% of selenium, which was probably an impure specimen of 
selenophten, the analogue of thiophten. 

Acknowledgment is made of a grant from the Research Fund of 
Armstrong College enabling one of us (J. B. P.) to take part in this 
work.— UNiVBRSiTy of Dueham, Armstrono College, New- 
castle-on-Tynb. . \_Recewed^ Avgust IQth, 1928.] 


The Preparation of Acekmecyaiiohydrin. By KjENKETH Norbian 
Welch and George Roger Clemo. 


AoETONECYAisroHYnErNr has been prepared from anhydrous 
hydrogen cyanide and acetone (XJrich, AnnaUn^ 1872, 164, 256), 
and also by the action of potassium cyanide on acetone sodium 
bisulphite (Bucherer and Grol4e, Rer., 1906, 39, 1225). The latter 
method is commonly given in text-books, but it has not been found 
possible to obtain the yields claimed, on acooxmt of the decom- 
position during distillation of the highly coloured, crude, reaction 
product. This decomposition appears to be due mainly to impurities 
which catalyse the following balanced reaction in the forward 
direction : CMe 2 (OH)C]Sr CMcgO + HCN. Moreover, a con- 
siderable amount of a solid residue ^ways remains in the distiflation 
flask. 

The following simple method does not need anhydrous hydrogen 
cyanide, and is also free from the above-mentioned objection. 
Acetone (29 g.) is added to a solution of potassium cyanide (31 g.) in 
water (100 c.c.). Sulphuric acid (167 g.; 30% HgSO^ by weight), 
is then added slowly with constant stirring, the temperature being 
kept below 20° by the addition of ice, which also, by diluting the 
solution, prevents it from becoming unstirrable on account of the 
separation of potassium hydrogen sulphate. The reaction mixture 
is then extracted three times with ether, the extract dried over 
sodium sulphate, the bulk of the ether removed on the water-bath, 
and the residue rapidly distilled in a vacuum, whereupon acetone- 
cyanohydrin (32 g.) passes over at 81°/15 mm. The compound thus 


prepared is much more stable than that obtained by Bucherer’s 
method (Zoo. ciA), but even so, it is advantageous to distil it rapidly. — ^ 
AsMBTsma CJollege, Newcastle-on-Tyee. [Received, Jidy 
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Apparatus for Chromic Anhydride Oxidjations, By Wallace 

Feaiot Shobt. 

Dtjeing the course of some experiments on the oxidation of diphenyl- 
methane derivatives in acetic acid solution, it was found that 
addition of a concentrated aqueous solution of chromic acid caused 
the separation of unoxidised material from solution and retarded 
the reaction. On the other hand, addition of solid 
chromic anhydride resulted in poor yields of the 
substituted benzophenones, since they were partly 
destroyed under these conditions by further oxidation. 
Addition of an acetic acid solution of chromic anhydride 
produced the desired result, but the volume of the 
solution was inconveniently large on account of the 
comparatively small solubility of the anhydride. This 
difficulty was overcome by allowing the anhydride to 
dissolve in the acetic acid returning to the reaction 
flask from the reflux condenser. For this purpose, a 
modification of the apparatus designed by Walker (J., 
1892, 61, 717) for the preparation of ethyl iodide was 
employed. The apparatus (figured in J natural size) 
was mounted in a cork in the flask containing an 
acetic acid solution of the substance to be oxidised, and 
was provided with a reflux condenser. The constriction 
in the chromic anhydride reservoir had an internal diameter of 
approximately 2 mm., and was loosely plugged with glass wool. The 
introduction of the oxidising agent may be controlled by regulating 
the boihng of the acetic acid solution in the flask. 

The apparatus may also be employed for the preparation of alkyl 
iodides by Walker’s method (Zoc. ciL) and for the oxidation of 
organic substances by potassium permanganate in aqueous or acetone 
solution. — ^Univbesity College, Atjcklanb, New Zealand. 
[Beceived, August 2nd, 1928.] 
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CCCXLVI . — The Reaction between Nitrous Acid and 
Hydrogen Sulphide. 

By Lancelot Salisbury Bagster. 

The precise nature of the products of reaction between nitrous acid 
and hydrogen sulphide solutions has not been well defined. Divers 
(J., 1887, 51, 48) found ammonia and oxides of nitrogen but no 
hydroxylamine when a mixture of alkali nitrite and sulphide was 
acidified. By reaction between hydrogen sulphide and the less 


Fig. 1. 



soluble nitrites (such as that of silver), he obtained some hydroxyl- 
amine, an intermediate silver compound being postulated to account 
for its formation. A simpler explanation of this reaction is now 
offered. 

In the course of the present work the concentration of the solu- 
tions was found to have a pronounced effect on the na^ture of the 
products, and hydroxylamine was formed under certain conditions. 

Expebimental. 

In order to study the effect of very dilute nitrous acid and at 
the same time to obtain sufficient product for examination, an 
app^atus (Fig. 1) was constructed to allow of the slow passage 
measured volumes of nitric oxide into a vessel containing hydrogw 
4s 
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STilpliide solution and oxygen. The reaction vessel, A, of 460 c.c. 
capacity, was suspended on a stirrup in a thermostat at 30°, and a 
rocking motion was imparted to it by means of an arm projecting 
vertically from the stirrup and connected with a pin on a motor- 
driven pulley. A ground cap carried a two-way tap, for exhaus- 
tion or for admission of oxygen and hydrogen sulphide. A single- 
way tap. O', on a tube projecting into the vessel served to adjtnit 
solutions or nitric oxide as required. The tube reached the bottom 
of the vessel for solutions, but was cut off above the liquid level for 
admission of nitric oxide. Connexions for transference of gases 
were made by flexible glass spirals with ground joints. Solutions 
were admitted to A from D which fitted to a double grinding on C. 

One arm of the tap B led to a manometer, J, and a T-piece con- 
necting with a Toepler pump and a system for generating and 
storing oxygen. The hard-glass tube, H, connected by a ground 
joint, contained potassium permanganate from which oxygen was 
generated by heat after exhaustion of the system with the mercury 
pump. The oxygen passed through a soda-lime tube, J, and was 
collected in the graduated holder, (r, by displacement of mercury, 
the first portion generated being rejected through the mercury 
trap, jT. 

Nitric oxide was prepared by dropping concentrated sodium nitrite 
solution into a sulphuric acid solution of ferrous sulphate. The 
gas was passed through concentrated sodium hydroxide solution 
and then over solid hydroxide before collection in the graduated 
vessel, E, Glass connexions with ground joints were used. The 
generating apparatus was exhausted through the three-way tap 
on E and filled with nitric oxide several times before the collection 
of gas. The nitrite solution in the dropping funnel was exhausted 
to remove dissolved air. 

Hydrogen sulphide was prepared by saturating magnesium 
hydroxide suspension in water with the gas obtained from ferrous 
sulphide, exhausting the solution to remove dissolved gases and 
them dii^lacing the hydrogen sulphide by heat. The gas after 
passage through phosphoric oxide was condensed by liquid air, the 
container then being attached to the graduated reservoir, A", by a 
short, mercury-sealed, rubber joint, and the air removed from the 
container by a Geryk pump through the two-way tap. About one- 
quarter of the hydrogen sulphide -was allowed to boil off through 
a mercury trap, and the gas was then collected in K by mercury 
displacement, leaving a considerable portion of residual liquid. 

In- carrying out an experiment, the vessel A was given a pre- 
liminary exhaustion by a Geryk pump through all the taps to free 
the barrels from air. The connecting spiral, L, w^as then fitted, and 
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the vessel A and the connecting leads to the oxygen reservoir 
exhausted by the mercury pump; 60 c.c. of water or ^/20-hydro* 
chloric acid solution, previously freed from air by exhaustion in A 
were run into A. Any trace of dissolved gas was carried over by 
the flow of water vapour to the phosphoric oxide tubes, JffJf, 
attached to the mercury pump. The tap B was then closed, and 
the pentoxide tubes allowed to absorb the water vapour in the 
connecting tubes. A measured volume of hydrogen sulphide was 
introduced from K through a spiral which had been freed from air 
by several alternate exhaustions and fillings with the gas*. Nite)us 
acid solutions were prepared and introduced by mixing in I> und» 
paraffin oil (Taylor, Wignall, and Cowley, J., 1927, 1923) measured 
volumes of Jr/2-sodiuin nitrite and hydrochloric acid- sollitiom, 
previously freed from air by exhaustion. For nitric oxide reactions, 
the tap U waa closed, and the connecting leads and manometer filled 
with oxygen from ff, a measured volume of about 140 c.o. being 
finally introduced into A. A measured volume (about 40 e-.c.)- of 
nitric oxide was introduced through C from E through a spiral 
connexion attached by the double grinding on G, and freed from air 
in the same manner as the hydrogen sulphide connexion. The 
capillary spiral, P, eontroHing the rate of flow of nitrie oxide, was 
short-circuited by a tap for exhaustion of the leading tube, this 
tap being closed before gas flow started. The spiral used reguired 
’I hourfOT the passage of the 40 c.c. of nitric oxide used for a run. 
The reaction vessel was kept shaken during the admission of the gas. 

Tests with measured volumes of nitric oxide in the absence ©f 
hydrogen sulphide, dilute alkali solution being used as absorbent, 
showed that the nitric oxide was practically all converted to nitrous 
acid under the experimental conations (see p. 2642). Ikiring an 
actual experiment, the nitrous acid, being continually removed by 
reaction with hydrogen sulphide, would not attain appreciable 
concentration. For determination of the nature of the products 
with appreciable concentrations of nitrous acid, solutions of this 
substance were run into the same ^apparatus in the absence of 
oxygen. 

Amlysu of Prodwcfe of Beaction , — (a)^ Gases, Gaseous products 
were collected through the mercury pump, and the procedure varied 
according as nitric oxide or hydrogen sulphide was absent : in 
most of the runs they were not present together. (1) When miai^o 
0 ]ride was absent, nitrous oxide and excess of hydrogen sulphide 
were condensed in the receive, Q-, by liquid air, nitrogen and oxyg» 
being collected at ihe pump. Nitrogen was estimated by remold 
of oxygen with phosphorus or pyrogallbl. Hydrogen suJphiife' W 
Q was absorbed by running in a]&aH solution previously 
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air-free in R, the taps on MM being closed until absorption was 
complete. The nitrous oxide was then collected through the pump, 
being identified by non-absorption in a small volume of alkaline 
pyrogallol, the re-kindling of a glowing splint, and combustion 
with hydrogen. (2) In the experiments with nitrous acid in excess 
of the hydrogen sulphide, the products were nitric and nitrous 
oxides. The former was estimated by careful addition of small 
volumes of pure oxygen over a small volume of alkali solution, the 
final excess of oxygen being removed by pyrogallol, and the residual 
nitrous oxide was confirmed by explosion with hydrogen. In the 
cases described, products remaining in solution could be determined 
after removal of gaseous products. (3) In reactions with nitrous 
acid solution and excess of hydrogen sulphide, the gaseous products 
contained this excess together with nitric and nitrous oxides. 
JUkali absorption of the hydrogen sulphide was not applicable in this 
case owing to reaction between the alkali sulphide and nitric oxide, 
and removal was effected by cupric chloride solution, blank tests 
having shown that a satisfactory separation was effected (see 
p. 2642). For solutions with excess of hydrochloric acid, the cupric 
chloride was added direct to the reaction vessel, a separate run 
being made for determination of products in solution. For reactions 
in absence of excess of hydrochloric acid, where residual nitrite was 
present in solution, the gases were expanded into the exhausted 
vessel N containing cupric chloride solution, the gases remaining 
after removal of the hydrogen sulphide by shaking being passed to 
the pump and fresh gas expmded until the reaction vessel was 
exhausted. 

(b) Dissolved prodmts. In the reaction solutions, sulphur was 
determined by collection on a Gooch crucible and drying at 96° 
(tests having shown that loss during drying did not exceed 0*6 mg.), 
and sulphur trioxide by barium sulphate precipitation. Sometimes 
coHoidal sulphur passed through the Gooch crucible and was carried 
down by the barium sulphate; in this ease, loss of sulphur by 
volatilisation was prevented by suspending a beaker of cold water 
in the mouth of the precipitation beaker, and sulphur and sulphate 
were determined by drying followed by ignition. Ammonia was 
determined by distillation into standard acid. In certain cases the 
nitrogen products collected did not correspond with the quantity of 
nitric oxide taken. Examination of these solutions (see p. 2637) 
showed the presence of hydroxylaanme, and this was determined 
by titration with JST/lOO-iodine solution in an aliquot portion of the 
filtrate fr<m the barium sulphate precipitation in experiments 
where excess of hydrochloric acid was present, the acid solution 
being boiled again to ensure absence of traces of hydrogen sulphide. 
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The iodine solution was standardised by means of a standard solu- 
tion of recrystallised hydroxylamine hydrochloride. 

For determination of hydroxylamine and sulphur products in 
the absence of excess of hydrochloric acid, in which case ammonium 
nitrite and sulphide were present in the solution, the combined 
hydrogen sulphide was removed by adding sodium bicarbonate and 
passing a rapid stream of carbon dioxide for several hours. Sulphur 
was filtered off, the hydroxylamine determined in a portion of the 
filtrate, and sulphate in the residue after acidification. Blank tests 
with known quantities of material showed that this procedure gave 
satisfactory results. 

Tests showed that very nearly one-third of the hydroxylamine 
was converted into ammonia during alkali distillation for ammonia 
estimation. This is allowed for in calculating the quantity of 
ammonia existing in solution. 

Small amounts of nitric acid formed were estimated colori- 
metrically by comparison with a standard sodium nitrate solution, 
the brucine reaction being used. Nitrite was determined by reduc- 
tion with Devarda’s alloy after distillation of the ammonia, aUowance 
being made for the small amount of nitrate. 

Results are shown in Tables I and 11, where voliunes of gases are 
reduced to N.T.P., the reactions having been carried out at 30®, 
In each case reactions were carried out in aqueous solution (the 
calculated quantity of hydrochloric acid being added to the sodium 
nitrite when nitrous acid solutions were being prepared), and 
repeated with a solution of N/20-hydrochloric acid in the reaction 
vessel. The columns headed S as SO3 ” show the actual quantities 
of sulphur present as trioxide. In Table II, for comparison with 
Table I the quantities of nitric oxide that would produce the nitrous 
acid used if entirely converted into it are shown. On account of 
the less extensive reduction, it was necessary to take larger amounts 
of nitrous acid than correspond to the 40 c.c. of nitric oxide of 
Table I, but the yields have been calculated to 40 c.c. and are 
shown together with the actual amounts of reacting substances. In 
Expts. 13 — 16, where an excess of nitrous acid was taken, the amount 
consumed by reaction was calculated from the amounts of nitrogen 
products. If the amount of sulphxir products equivalent to the 
nitrogen products other than nitric oxide is calculated, the residual 
sulphur corresponds fairly closely with the amount of nitric oxide 
recovered, showing that very little has been produced by direct 
decomposition of nitrous acid. Table I contains results for reac- 
tions with considerable hydrogen sulphide and very little nitroi^ 
acid ; the opposite condition of excess of nitrous acid in quant|j^''> 
and low hydrogen sulphide concentration is shown in TabtetH'' 
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Table L 

Nitric Oxide-Oxygen-Hydrogen Sulphide. 


(Hydrogen suIpHde in excess; 225 c.c. in each case.) 
Quantities of product calculated to 40 c.<i. of NO. 
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CQ 
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M 

Hd solution. 

ti 

26 

9*6 

0*4 

10 

146 

0*3 

147 

147 

11 


2 

25 

10 

0*4 

2*0 

142 

0*2 

143 

138 

13 


3 

27*5 

10 

0*4 

0*6 

160 

0*1 

150 

155 

11*5 


4 

25*5 

10 

0*6 

10 

146 

0*5 

148 

148 

10*4 

Aqueous solution. 

t*5 

36 


0*4 

3 





15 

♦6 

34 


0*4 

1*5 






♦7 

34 


0*4 

2*5 





16 


8 


2*2 



145 

2*0 

153 

158 



9 


2*2 



144 

3*0 

156 

158 


Aqueous solution 

10 

28*5 

1*7 

4*1 

4*6 

160 

2*0 

168 

143 

Ifi 

.acidified after 

11 

30*5 

1*3 

50 

5*2 

155 

4*0 

170 

154 

19- 

reaction. 

12 

27-4 

2*0 

4*5 

6*5 

153 

3*0 

165 

145 

20 


* In TSxpts. 5 — 7 the quantities of product are for 40 c.c. of nitric oxide 
exclusive of that converted into nitrite, the amounts of which were equivalent 
to 21 C.C. of NO in Expt. 6, 22 c.o. in Expt. 6, and 21*5 c.c. in Espt. 7. 
t JBNOii equivalent to 0’6 c.c. NO was produced in this eagperiment. 

} HNO3 equivalent to 0*7 c.c. NO was produced in this experiment. 


Table II. 


Nitrous Acid and Hydrogen Sulphide, 


Excess 

HNO3. 


Excess 

HsS. 


I 


il 

IS 

‘H 

PM 


Quanti<Hes of product calculated for nitrous 
acid equivalent to 40 c.c. of NO. 


. ■§ 

g" S I {| i 

Equivalent to c.c. of NO, 


O 

^ 1 


CD 


n 


Hd 

13 

224 

0*2 


5 

1 

35 

15 

6 

58 

soln. 

14 

224 

0*2 


4*6 

1 

34 

14 

5 

58 

Aqueous 

15 

224 

0*15 


5 

1 

34 

17 

4*5 

62 

soln. 

16 

224 

0*15 


4*1 

1*5 

33 

17 

4*0 

64 

HCl 

17 

112 

6-5 

0*4 




43 

2*7 

350 

sohx. 

18 

112 

7 

0*3 




43 

3*2 

350 


19 

112 



10 

1*5 

21*5 



350 


20 

-112 



10*5 

1*5 

21*5 



350 

Aqueous t*21 

112 

8 

0*8 

10 

1*0 

25 

49 

1*2 

350 

soZn. 

♦22 

112 

75 

0^9 

10*4 

0-6 

2m 

46 

1*3 

350 


* In Espts. 21 and 22 the quantities of product are for the eqinvalent of 
40 o.c. of nitric osdde exclusive of that remaining as nitrite, the approximate 
amotinis of which were equivalent to 4 c.c. of NO in each case. 

t Jri Expt. 21j nitric acid was produced equivalent to 0*1 c.c. of NO. 
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(Expts. IS — 16), where the hydrogen sulphide was admitted over 
the^water in the reaction vessel and the nitrous acid solution run in 
beneath the water, reaction being completed by subsequent shaking 
with consequent solution and oxidation of the hydrogen sulphide, 
Expts. 17 — 22 of Table II represent an intermediate condition, the 
hydrogen sulphide being in excess but the nitrous acid being present 
in quantity. In this case, the water in the reaction vessel was 
nearly saturated with hydrogen sulphide by admitting gas and 
shaking until the pressure was nearly atmospheric before addition 
of the nitrous acid. 

For the identification of hydroxylamine, the material was pre- 
pared in greater quantity by passing rapid streams of oxygen and 
hydrogen sulphide and a slow stream of nitric oxide through several 
hundred c.c. of -¥/5-hydrochloric acid solution in a bottle carried 
on a shaker. After several hours, when the solution had become 
nearly neutral, the sulphur was filtered off, and the solution evapor- 
ated to dryness with sufficient barium chloride to precipitate all 
the sulphuric acid. The residue was extracted with absolute 
alcohol, the extract evaporated, the crude residue extracted with 
alcohol-ether, and the solvent again removed. The resulting white 
solid reduced iodine solution and Fehling solution (Found : Cl, by 
AgNOg titration, 52-4. Calc, for NH20H,HCi, 6M; for NH4CI, 
66*4%) ; 0’014 g. required 58 c.c. of iodine solution, 29 c.c, of which 
were equivalent to 10 c.c. of Jf/lOO-hydroxylamine solution (Calc, for 
NHgOHjHCa, 58-4 C.C.). 

Dismssim, 

Considering first the nitrogen products, it will be seen from 
Table 11 that when the nitrous acid is in excess and the hydrogen 
sulphide concentration relatively small (Expts. 13 — 16) very small 
amounts of hydrogenated nitrogen compounds are formed (the very 
small quantities of ammonia were determined by Nessler solution), 
nitric oxide and smaller amounts of nitrous oxide being the prin- 
cipal reduction products. When the hydrogen sulphide is in excess, 
however, and the nitrous acid concentration is very small (Table I) 
the reduction is almost entirely to hydrogenated products, ammonia 
and hydroxylamine in acid solution, and chiefiy ammonia with 
a smaller proportion of hydroxylamine in aqueous solution. 

In tiie presence of excess of oxygen, nitric oxide would be recon- 
verted into nitrous acid, and a catalytic effect would be apparent 
from a greater quantity of sulphur products and greater oxygen 
consumption; but it can be shown from Expts. 1 — 4, 8, and 9 that 
there has been no such catalytic effect. In the tables, the quantities 
of sulphur found as trioxide have been multiplied by 4 to give itto 
quantity of free sulphur that would have been prodxiced by a 
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spending amount of oxidation, and the equivalent quantity of free 
sulphur added to the actually determined free sulphur is give^ in 
the column “ Equivalent S/’ The column “ Calculated S ” shows 
the amount of sulphur corresponding to the oxidation equivalent of 
the various nitrogen products collected. As the calculated and the 
equivalent sulphur correspond, reduction to the nitrogen products 
found must have been direct without intervening formation of 
nitric oxide. The quantities of oxygen consumed in Expts. 1—4 
are also very close to the 10 c.c. required for direct formation of 
nitrous acid from 40 c.c. of nitric oxide, further re-formation of 
which would consume more oxygen. The greater quantity of 
oxygen consumed in Expts. 6 and 7 is discussed later. 

The most noteworthy product is the hydroxylamine, which is 
destroyed by reaction with nitrous acid. Its formation and sta- 
bility during reduction of very dilute nitrous acid solution are prob- 
ably due to the fact that each molecule of the acid is reduced by the 
excess of hydrogen sulphide before it has opportunity to react with 
hydroxylamine. The production of the compound by Divers (Zoc. 
cit) may be similarly explained, for the effect of hydrogen sulphide 
on a slightly soluble salt in suspension would be to produce a small 
concentration of nitrous acid which would be continually removed 
by the hydrogen sulphide. 

When the addition of nitric oxide is effected in the absence of 
hydrochloric acid, there is still only a very small yield of gaseous 
products, but ammonia is the principal reduction product, the 
quantity of hydroxylamiue being smaller than in acid solution; 
but, as shown in Expts. 5 — ^7, a proportion of the nitrous acid has 
formed ammonium nitrite which has not had time to react with 
the hydrogen sulphide — ^it will be shown later that this reaction is 
very slow (p. 2639). 

The result of acidifying the solutions containing nitrite is shown 
in Expts. 10 — 12 (Table I), where hydrochloric acid was added after 
addition of nitric oxide. The calculated quantity of sulphur is 
smaller than the sulphur found, whilst the oxygen consumption is 
greater than in Expts. 6 and 7, where no acid was added after 
reaction. Evidently, the nitrous acid set free on addition of 
hydrochloric acid had sufficient concentration to form some nitric 
oxide and thus, to a small extent, to act catalytieally. The rela- 
tively considerable amounts of nitrogen and nitrous oxide must also 
have been produced during the reaction after acidification, very little 
being obtained in Expts. 5 — ^7. 

Considering next the sulphur products, it will be seen that, except 
in the case where nitrous acid is present in quantity and in excess, 
the hydrogen sulphide concentration being small (Expts. 13 — 16), 
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the greater proportion of the hydrogen sulphide is oxidised to sulphur 
with a relatively small amount of sulphmr trioxide. Expts. 17 — ^22 
show that, even when nitrous acid solution of appreciable concen- 
tration is added to a fairly concentrated hydrogen sulphide solution, 
the sulphur predominates. 

In the hope of obtaining further information, as to the nature of 
the processes involved, the reaction between hydrogen sulphide 
and ammonium nitrite was investigated. In Table IIIa is showm 
the result of passing hydrogen sidphide continuously through an 
approximately itf'/20-solution of ammonium nitrite (prepared from 
silver nitrite and ammonium chloride). There was gradual reduction 
of nitrite, chiefly, but not completely, to ammonia, about 50% 
being reduced in 24 hours. The sulphur produced was partly pre- 
cipitated and partly dissolved as yellow polysulphide. The slow 
reaction when compared with the extremely rapid oxidation with 
free nitrous acid suggests that the free acid produced in the present 
case by hydrolysis is the active agent, and not the nitrite ion which 
is now present in quantity. The solutions saturated with hydrogen 
sulphide had a very feebly acid reaction, which diminished as the 
ammonium sulphide increased; ps^ values determined by a com- 
parator with phenol-red are shown. In order to study the effect of 
sulphide-ion concentration, the experiment was repeated with 
addition of sufficient ammonium sulphide to make the solution 
N 16 with regard to ammonia. The result of passing a continuous 
stream of hydrogen sulphide through this mixture is shown in 
Table nin. The reaction, at first slower than in the absence of 
excess of sulphide, accelerated considerably after a few hours. The 
sulphur produced dissolved, forming a yellow polysulphide solution. 

Table III. 

Hydrogen Sulphide and .N’/20-Ammonium Nitrite. 

(25 O.c, samples.) 


A. Nitrite -{- 

H^S. 




Tin\e (hrs.) 0. J-. 3. 

6. 

9. 

12. 27. 

32. 

C.e. of N/lO-rNHa ... 12-2 12-5 13 

13*7 

U 

14*3 

16 

Ha for \HNO3 12-0 11-5 10-9 

10 

9*4 

8*9 6*1 

5-5 

pB. 6*0 



6*3 

6*6 

B. Nitrite + H.S + N/6-NH.HS. 



(1) 



(2) 


Time (hrs.) 0. 3J. 6. 

8 . 

11. 

b. ij. 

"IT. 

C.O. of N/IO-HCl for 





HNO* 12 11-6 8-5 

5 

2*3 

12 11*8 

11*3 

C. Nitrite + H^S + N/e-Polysnlphide. 


Time (hrs.) 0. 

H- 

4. 

7. 


C.c. of N/10-Ha for HNO, ... 12 

8*6 

5*6 

3*4 


4s2 



' 




jMtvnie co7i4semrati<m ( 
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Table JHo shows the result of adding ammonium sulphide and 
sulphur, forming polysulphide, at the commencement of reaction. 
It will be seen that the reaction is rapid from the beginning. The 
results shown in Table III are plotted in Fig. 2. 

N /6- Ammonium sulphide solution saturated with hydrogen 
sulphide has a slightly alkaline reaction, pa *7*2 — 7*3 by comparator, 


Fig. 2. 

A = NitriU. B = Nitrite + sidphide. 0 = Nitrite + polysulphide. 



Hydrogen sulphide and ammonium nitrite, 

and the polysulphide solution has a value of the same order. The 
very slpw reaction with considerable ammonium hydrosulphide in 
solution is probably due to diminished nitrous acid concentration 
owing to smaller hydrogen-ion concentration. The increased rate 
when sulphur- is formed or added in sufficient quantity may be 
ascribed to the mfluence of polysulpMde ion. Although Kiister 
{Z. anorg, Chem,^ 1905, 44, 431) has.shown by E,M.F, measurements 
that these ions have a smaller reduction tendency than the sulphide 
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ion, he has also found {ibid.^ 43, 63) that, as the proportion of 
sulphur increases, the hydrolysis of sodium polysulphide diminishes, 
thus- indicating greater strength for the acid. In the solutions now 
under consideration, which were saturated with hydrogen sulphide, 
the principal constituents would be NH^HS and NH4HSa:, and the 
principal ions and HS^ in one case, and NS/ and HS/ in the 
other. The polysulphide will be less hydrolysed and more^ dis- 
sociated, and the HSa?' ion will be present in greater quantity than 
the HS' ion in the absence of sulphur ; thus a considerable increase 
in concentration of the reducing ion will be caused by the presence 
of sulphur dissolved as polysulphide. This in turn may lead to 
more rapid reaction. 

The last experiments thus afford some evidence that the reaction 
between hydrogen sulphide and nitrous acid is between the undis- 
sociated acid and the sulphide ion. It may be suggested that the 
primary reactions are of simple type, and that nitric and nitrous 
oxides and nitrogen are secondary products. With appreciable 
concentration of nitrous acid, the reactions 

(1) SHNOa + S" — > 3HNO + S03(+ SHgO) 
and (2) HNOg + S" — ^ HNO + S (+ H^O) 

may be expected. The proportions in which reactions (1) and (2) 
occur would largely depend on the relative concentrations of the 
reacting substances. Eeaction of the hyponitrous acid with more 
nitrous acid would yield nitric oxide. Direct decomposition of 
hyponitrous acid has been shown to yield nitrous oxide and nitrogen 
(Divers, J., 1889, 55, 112). The nitric oxide and some of the 
nitrogen and nitrous oxide found in various experiments may thus 
be accounted for, a portion of the nitrous oxide and nitrogen prob- 
ably being formed as secondary products of reaction (3) (below). 
With smaller concentration of nitrous acid and considerable hydrogen 
sulphide concentration, reactions 

(3) HNO2 + 2S" — > NH2OH + (HgO) + 2S 
and (4) HNO2 + 3S" — > NH3 + (2H2O) + 3S 

may be expected, with the possibility of more nitrous oxide and 
perhaps nitrogen being formed by reaction between nitrous acid 
and hydroxylamine. 

In the present wort the slow addition of nitric oxide to the 
system would jwoduce an exceedingly small cone^tration of nitrous 
acid which would not increase, owing to reaction with hydrogen 
sulphide, and secondary reactions with nitrous aoid would not li# 
expected to occur to any extent. Reactions (3) and (4) app<^# 
have proceeded together in Expts. I — 4 in the presence of eafcfcfe^^ 



2642 BEACTION BETWEEN NITEOtJS ACID AND HYDEOaSN STJLPHIDB. 

kydrochlorio acid, whilst in absence of acid (Expts. 5 — 9) reaction 
( 4 ) predominates. Two causes may be suggested to account for 
this variation : ( 1 ) A reduced free nitrous acid concentration owing 
to nitrite formation and reduction of hydrogen ion through the 
presence of hydrolysed ammonium sulphide — ^it does not seem likely, 
however, that variation in an already very small concentration of a 
substance taking a unimolecular part in a reaction would appre- 
ciably alter the nature of the reaction in the presence of considerable 
excess of the second reactant. (2) Variation of sulphide-ion con- 
centration is probably of greater importance; this concentration, 
very small in hydrochloric acid solution, will be much greater in 
presence of ammonium sulphide, thus favouring reaction (4). 

In Table 11 there is no definite difference between the products 
in Expts. 15 and 16 with only nitrous acid, and those in Expts. 13 
and 14 with excess of hydrochloric acid. This is to be expected on 
account of the considerable amount of sulphuric acid produced. 
Small variations between products in Expts. 17 — ^20 and Expts. 21 
and 22 with excess of hydrogen sulphide may be due to variation in 
acidity, as only small amounts of sulphuric acid were produced. Con- 
siderable variation is not to be expected, as the solutions would in 
all cases remain acid imtil most of the nitrous acid was destroyed. 

A blank test with hydrogen sulphide, oxygen, and an amount of 
ammonia equal to that present as sulphide at the end of reaction, 
yielded in the absence of nitric oxide about 4 mg. of free sulphur 
and 0-3 mg, as trioxide in ^ hour. As the average ammonia con- 
centration during a run would be much less than the maximum, 
the amoxmt of sulphur formed by direct oxidation in Expts. 10 — 12 
would be very small. The greater oxygen consumption in Expts. 6 
and 7 than in Expts. 1 — 4 may be due to this small direct oxidation. 

The following are results of some other blank tests. 

( 1 ) Absorption by copper chloride of hydrogen sulphide from 
mixture with nitric oxide : 

100 c.c. of HgS + 38 c.c. of NO taken; 37-5 c.c. of NO recovered. 

( 2 ) Absorption by alkali solution of nitric oxide (41 c.c.) from 
mixture with oxygen (10 c.c.) : 

KMNO 4 - required 36*9 c.c. ; calculated 36*7 c.c. 

(3) Estimation of nitrite in aommonium nitrite solution containing 
polysulphide; 26 C;c. of i^/20-ammonium nitrite solution were 
added to concentrated alkali and the ammonia was distilled off. 
The nitrite was then reduced by Devarda’s aUoy and the resulting 
ammonia required 12*0 c.c. of jV/10-HCI. The process was then 
repeated with a fresh sample containing the amount of polysulphide 
used in the experiments of Table IIIg, and 11*9 c.c. of acid were 
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required. There has evidently been no appreciable reduction of 
nitrite in the strongly alkaline solution during the time required 
for preliminary distillation of the ammonia. 

(4) In view of the fact that hydroxylamine is known to act as 
an oxidising agent under certain conditions, the possibility of its 
reacting with hydrogen sulphide in presence of ammonium sulphide 
and sulphur was tested under various conditions. It was found 
that no measurable loss of hydroxylamine occurred in dilute solu- 
tions in an hour. 

Summary. 

The products of reaction of nitrous acid solution with hydrogen 
sulphide vary with relative concentrations. With appreciable con- 
centration of nitrous acid, the reduction products are chiefly nitric 
and nitrous oxides ; with small concentrations of nitrous acid, they 
are ammonia and hydroxylamine, the proportions of which vary 
according to the concentration of sulphide ion in solution. 

A series of simple reactions is proposed, nitric and nitrous oxides 
being regarded as products of hyponitrous acid formed primarily. 

The proportion of sulphur trioxide to free sulphur is small even 
with fairly concentrated nitrous acid solutions unless the hydrogen 
sulphide concentration is small. 

Hydrogen sulphide reacts slowly with ammonium nitrite, con- 
verting it into ammonia. The rate of reaction is diminished by 
addition of ammonium sulphide and increased by addition of 
polysulphide. A suggested explanation is based on the fact that 
the polysulphide ion is known to be more acidic than the sulphide 
ion and would thus furnish a greater concentration of reducing ions 
in solution. 

The TTnivebsity oe Queensland, 

Brisbane. [Received, July l%th, 1928.] 


CCCXLVII . — The Velocity of the Acid Hydrolysis of 
Cotton Cellulose hy Hydrochloric Acid, Alone, and 
in Presence of Alkali Chloride. 

By Ed-wabd Htoieb. 

It lias been i^oTm by Akerldf (Z. ^ysihil. Chm., 1921, 98, 260) 
that the velocity of hydrolysis of ethyl acetate by hydxochloxio 
acid in presence of large concentrations of neutral salt is a function 
of the activity of the hydrogen ion, irrespective of the hation of 
added dbloiide. t -»i| jf*“ 

The work here described was undertaken to determine whetfidr 
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the principles of activity cotQd be extended to a heterogeneous 
reaction catalysed by hydrogen ions. The reaction chosen is the 
hydrolysis or modification ” of cotton cellulose in hydrochloric 
acid both alone and in presence of potassium, sodium, and lithium 
chlorides. With dilute acid the ultimate reaction product is hydro- 
cellulose, a solid adhering to the unchanged cotton. According 
to Wohl and Blumrich {Z. wrigeiw. 1921, 34, 17), this substance 

is a reversion product of dissolved reducing sugars (primary products 
of reaction) and some undissolved substance in the solid cotton. 
They observe that hydrooellulose is much more difficult to hydrolyse 
than cellulose, but it should be borne in mind that hydrolysis can 
be effected by prolonged heating with very concentrated acid. 

Exn EEIMEHTAL. 

Methods of Hydrolysis and Aomlysis . — ^The hydrolyses were car- 
ried out by adding 70 c.c. of the acid solution to a weighed quantity 
of cotton (about 2*7 g.), stirring to remove air bubbles, and immers- 
ing the reaction vessel in the thermostat. For potassium chloride 
and some lower concentrations of sodium chloride the vessel was a 
tightly^corked flask, but it was found advisable to carry out the 
other reactions in sealed glass tubes. 

After hydrolysis the cotton was washed by water with suction, 
and its copper number determined by Brady's method (see also 
Oibbens and Geake, Shirley Institute Memoirs, 1924, 2, 387), Two 
corrections were applied in the calculation. (1) The moisture con- 
tent of the original cotton was determined by heating 1 g. samples, 
loosely packed in weighing bottles, at 105® to constant weight. 
(2) The copper number of unmodified cotton (mean of several 
determinations) was subtracted from the value found after hydro- 
lysis. 

When a sample of cotton was steeped in acid, the concentration 
of acid slowly decreased by a slight amount until an equilibrium 
was reached after about 2 J days : 


(hrs.) 0 4-76 27 64*3 

Acid concentration, ^ 0*100 0*0992 0*0983 0*0980 

The fall in concentration in 60 hrs. of several concentrations of acid 
was measured : 

Original conceEatration 0*869 0*435 0*244 0*0871 

concentration 0*866 0*433 0*242 0*0855 

0*35 0*46 0*8 1*8 


This change in concentration is ascribed to imbibition of acid by 
the cotton, and it has been ignored in the velocity measurements. 
For the velocity of the hydrolysis (by acid of constant concen- 
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tration), Birtwell, Clibbens, and Qeake (J, Textik Inst, 1926, 17, 
t 161) have submitted the formula Nq^ == where ^ou is the 

copper number, K a velocity coefficient, and T the time of reaction 
in days. The results of these authors show that K is only constant 
within 8 — 10 %. Furthermore, the index here given as 0*6 apparently 
varies with the type of cotton. For these reasons, in the present 
work, reaction velocities are compared by carrying out the acid 
steeping for exactly the same length of time in all cases, a period 
of 3 days at 40® being chosen as most suitable. 


Fig* 1. 



1 2 3 4 6 ~ 

Cone, oj cUhaU cMoride (mofo./lOOO g. water), 

N /10-Acid (Od'moL per 1000 g. of water) was prepared by dilution 
of standard hydrochloric acid made by the method of Hulett and 
Bonner (J. Amer, Chem, 8oc,y 1909, 31, 390). The acid-alkali 
chloride mixtures were prepared by adding weighed amounts of 
salt to a known weight of acid. In the lithium chloride series the 
concentrations of acid and chloride were checked by analysis. 

BesuUs, — ^In Fig. 1 the copper numbers for the 3-day hydrolysis 
at 40® are plotted against the concentrations (x) of neutral salt M 
the mixture 0*1HCI + ajRCl + 1000 g. HgO ; and Fig. 2 
the results for pure acid of varying molality, ' 
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The last three results in the acid series do not represent the true 
velocity values for the corresponding molalities of acid. Two 
reasons can be given for this. (1) Hydrolysis with such strong acid 
for 3 days resulted in a complete change of form of the cotton to 
short thread-like particles, in place of the interwoven fibres left 
after more moderate modification ; hence it seems likely that the 
hydrocellulose itself was partly decomposed by the acid. (2) In 
determining the copper number of such highly modified cotton 
samples, the amount of copper solution used in the standard method 
was insufficient, and it was therefore necessary to use a larger 

quantity, thereby deviating 
from the rigid conditions 
prescribed for the method. 

It is obvious from the 
diagrams that no great quan- 
titative accuracy can be 
claimed for the velocity 
measurements. The source 
of the largest error is almost 
certainly in the process of 
hydrolysis, for two samples 
of cotton of equal weight 
cannot be expected to offer 
the same surface area to 
the solution. However, the 
results clearly show the 
qualitative effects upon the 
reaction velocity of adding alkali chloride to N /lO-hydrochloric acid. 

The curves of Fig. 1 resemble those connecting molality of added 
chloride with hydrogen-ion activity in solutions of the type used. 
This suggests a connexion between hydrolysis velocity and the 
hydrogen-ion activity of the acid solutions. The curves in Fig. 3 
have been obtained by plotting Hamed’s values for hydrogen-ion 
activity in solutions of this type (J. Amer. Chem. Sac,, 1920, 42, 
1808) against the copper numbers for corresponding molalities, as 
read off from Figs, 1 and 2. Harned’s data refer to 25°, but only -a 
small error is introduced by applying them to 40°. 

^ It will be seen from the diagram that in pure acid there is a simple 
<lireet proportionality between hydrogen-ion activity and copper 
number (velocity of reaction) for activities of the same order as 
th^ of the acid-alkali chloride series. No such simple relation 
exists for the acid-salt mixtures. Plotted separately, the results 
for each series give a smooth curve. The three curves are prac-_ 
tically coincident near their origin, and are only slightly divergent 




1 s 
I 

|2 




Fig. 2. 




12 3 4 

HCl (mo&./lOOO g, water). 
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with increasing molality. In Fig. 3 a single curve has been drawn 
for the three series ; this originates on the pure acid curve at the 
hydrogen-ion activity of J/'/lO-aoid, and then rises above it. Since 
Harned’s values are limited to solutions which are not stronger 
than ZM with respect to added ehloridej the ultimate trend of the 
activity-velocity curves has to be left undefined — ^they may either 
become parallel to the pure acid line or intersect it at very high 
values of the hydrogen-ion activity. 

Fig. 3. 


1-0 

PureHCl X 



For the range examined, the notable fact is that, of two solutions 
havh^ the same hydrogen-ion activity, that with neutral salt 
present gives a higher reaction velocity than that with acid alone. 
In attempting an explanation of this fact, it seems natural to assume 
that reaction occurs between dissolved reactants in a thin layer of 
solution touching the surface of the solid cotton; in these circum- 
stances Brdnsted’s equation (jZ. physilcdl. Chem., 1925, 115, 337) 
can be expected to hold, viz., v = where v is the velocity, 

h a velocity coefficient, and are the activities of the reactants; 
and /x is the activity coefficient of the “ critical complex,” Tf -tfiwi: 
reaction be written as H*,HaO + Cellulose — [(Cellulose), 
y Hydroeellulose H*, one obtains the expression v = 
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Hsi and flEo being the respective activities of the hydrogen ion and 
the neutral cellulose, and /x having its former significance. Since 
the cellulose is a neutral molecule, the expression can be modified 
to 17 =? ionc/fx* where c is the concentration of cellulose. Apart 
from the independent hydrogen-ion activity, the important variant 
in this expression is/x, for the critical complex is a charged molecule, 
the activity coefficient of which may be expected to be very respon- 
sive to changes in the activities of the other reactants. Now, for 
similar hydrogen-ion activity, the saline solutions have a far greater 
molality of electrolyte than the salt-free solutions. In Kg. 3 the 
highest molality of pure acid is 0*5, whilst that of the acid-chloride 
solutions reaches 3*1 . Hence any effect upon the activity coefficient 
of the “ critical complex ’’ with increasing molality of electrolyte 
will be shown to a more pronounced degree in the latter type of 
solution. The relative form of the activity-velocity curve for such 
solutions and for salt-free solutions is explained if it is accepted that 
addition of large quantities of electrolyte to the solution lowers /x, 
for the velocity of the reaction is inversely proportional to this 
activity coefficient. The gradual divergence of the activity-velocity 
curves for the three different chlorides can then be ascribed to slight 
differences in the quantitative effects of each salt on the critical 
complex.” 

The author’s thanks are due to Professor A. J. Allmand, under 
whose direction the work was carried out, and to Dr. D. A. dibbens, 
who supplied the cotton and gave very helpful advice. 

TJntveesitv or Londobt, 

King’s College. [Beceived^ May 1928.] 


CCCXLVIII . — Cobalt AUylamines : A Supposed 

Co-ordination Number of Eight for Cobalt 

By William EAiiPH Buoknaix and William Wakdlaw. 

PBxm a careful survey of the chemical evidence, Sidgwick The 
Electronic Theory of Valency,” p. 152) has concluded that up to 
}he end of the fimt long period in the classiScation of the elements 
!ihe highest covalenoy of an atom is six. He also states {op, cit.y 
p. 160) that ‘‘ it should be noted that there are a certain number 
:)f compounds which appear to indicate values of the covalenoy 
in excess of those allowed by the rule. In none of these have the 
structure and molecular weight been definitely ascertained.” There 
are recorded in' the literature, however, the preparation and 



BTTCEt^AIiL AND WABDLAW : COBALT ALLYLAMINBS. 2649 


properties of an interesting complex salt of cobalt, which is men- 
tioned by Weinland (“ Komplexverbindnngen,” 1919, p. 13) as 
an example of a co-ordination number of eight for cobalt, instead 
of the usual six anticipated from Sidgwick’s rule. The substance 
in question was prepared by Keroni and Pinotti {Qazzetta, 1915, 
46, ii, 100), who found that when dry air was drawn through a 
saturated solution of cobaltous chloride (dried at 140°) in absolute 
alcohol to which dry allylamine had been added there separated a 
red, crystalline compound. It dissolved in cold water with the 
production of a neutral solution, and from cryoscopio molecular- 
weight determinations it was concluded that in aqueous solution 
the substance dissociated into a maximum of four ions. Prom 
these data and the percentages of cobalt and chlorine found in 
the compound, Pieroni and Pinotti assigned to the new substance 
the formula [Co,803H5*NH2]0l3. Later, however, Pieroni {ibid., 
1921, 51, i, 42) reinvestigated the reaction and, as a result of a 
more complete analysis, deduced the new formula 

[co®^3H^‘^]ci3,H202. 

On titration with permanganate, the titre was in excess of that 
demanded by the unsaturated amine, and it was suggested that the 
excess was required by the hydrogen peroxide present in the 
molecule. As both formulae assign a co-ordination number of 
eight to the cobalt and the reaction appeared to have several 
unusual features, it seemed of interest to reopen the investigation. 


Experimental. 


Preparcdion of Eexa-ailylamineperoxodiht/droxodicobalt Tri- 


chloride,^ 


Sal-Oo^i^-Sal 

\oh/ 


CI3. — ^To a saturated solution of 


V. 

cobaltous chloride (10 g.; dried at 140°) in 100 c.c. of water- 
free alcohol, dry allylamine (32 g.) was added in portions, with 
constant shaking, air being displaced by a current of nitrogen; 
considerable heat was evolved and the solution became reddish- 
blue. On cooUng, purpKsh-red, needle-like crystals separated in 
good yield. They were veiy deliquescent and unstable, allyl- 
amine betog readily liberated. With alcohol, the crystals gave 
a blue solution, and in water they underwent decomposition, 
cobalt hydroxide being precipitated almost immediately. Pieroni 
assigned to these crystals the composition CoCl2,3C3H5*lTH2. 
When a current of dry air was passed through the reaction flaisk 
containing the crystals in contact with their mother-liquor, 
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solution changed in colour from purplish-red to brownish-red, and 
minute red crystals slowly separated. After oxidation for about 
3 days, these crystals were collected, washed with absolute alcohol 
(in which they are insoluble) until the filtrate was. colourless, and 
then air-dried on a porous plate. In the first attempts to obtain 
this oxidised product, cobalt hydroxide separated after the oxid- 
ation had proceeded for a short time. This was apparently due to 
the presence of moisture in the alcohol, for this difficulty did not 
arise when the solvent had been refluxed and distilled twice over 
barium oxide and twice over calcium turnings before use. The 
allylamine for the early experiments was prepared by the method 
of Heroni and Pinotti {Gazzetta^ 1915, 45, i, 100), but later, pur- 
chased samples were dried by two distillations over sodium and 
then had b. p. 55®. 

ATialysia . — ^The cobalt was estimated as sulphate by gentle 
ignition of the substance with sulphuric and nitric acids in an ak- 
oven. For the estimation of the chlorine, cobalt was removed as 
hydroxide by addition of sodium hydroxide to a solution of 
the substance, and the chloride then precipitated as silver 
chloride [Pound: Co, 18-6; Cl, 16-7; C, 33-6; H, 6-7; N, 13-1. 



CI 3 (1) requires Co, 18-65; Cl, 16-8; C, 34-1; 


H, 7-0; N, 


13-3%, 


3ab • 3 al 

\oh/ 


CI 3 (II) requires Co, 
Prom the analytical 


18-2; a, 16-45; 0, 33-4; H, 6-7; N, 12-9% 
results, formula (I) seems the more probable. 

Molecular-weight Determinaticms , — ^The molecular weight was 
determined by the depression of the freezing point of water. If 
either of the above-mentioned formulae represents the correct 
formulation, then four ions should be present in solution and the 
apparent molecular weight, when ionisation is complete, should be 
m. 160. The results in Table I, calculated for formula (I), furnish 
evidence in favour of such a formulation. 


Table I. 


G. of substance Cone. (mols. Osmotic 

per 100 g. water. per 1000 g. water). factor. 
1-022 0-01616 3-60 

1-169 0-01833 3-46 

1-736 0-02744 3-11 


>arent 
1. wt. 


176*0 

182*7 

203-0 


Molecfidar-condiju^imty Dei^rmiriations . — ^The molecular conduct- 
ivity was determined at various dilutions at 0®. Table II gives 
the values of jz for the complex chloride, and for comparison the 
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values of the uaolecular conductivities of typical salts at 0° are 
given in Table III. 

Table II. 


V (litres/mol.) «... 

45-6 

65>9 

131-8 

263-6 

527-2 

730-0 

A* 

119 

128-8 

144-3 

159-3 

176-3 

184-8 



Table III. 




(litres /mol.) .... 

... 32 

64 128 

256 

512 

1024 


K3Fe(CN)e 

... 215 

227 243 

254 

264 

282 


e:.w(CN) 

... 211 

224 238 

250 

269 

264 

(approx.) 

AlCl, 





226 




158 

161 


From the results given in Table II, for the complex chloride 
is estimated to be ca, 210. Although the values of (jl for the com- 
plex salt are less than would be expected for a normal four-ion 
compound, they are nevertheless in accord with the formula if we 
assume that the large complex ion is slow-moving, as is frequently 
the case. Since for Cl' at 0° is ca. 46, then by ICohlrausoh’s 
law the ionic mobility of the complex ion is approximately 70, 
the usual figure for a tervalent ion being about 110. 

^ Preparation of Eexa^allylamineperoxodihydroxodicobaU Trinitrate, 

(^03)3. — Pieroni and Pinotti noticed (loc. 

cit) that the addition of nitric acid to a concentrated aqueous 
solution of the complex chloride produced red, acicular crystals, 
which were not further investigated. It has been found, however, 
that the addition of either nitric acid or a solution of any metallic 
nitrate will cause precipitation of a red compound. This new 
substance thus appears to be the result of an ionic reaction 
between the complex chloride and the nitrate ion. 

The compound was prepared by the addition of about 1 c.c, of 
pure nitric acid to 20 o.c. of a solution of the complex chloride 
(2 g.), and was freed from acid by washing with cold water, in 
which it is slightly soluble; the filtered substance was air-dried 
on a porous plate. It contained no chlorine, and when it was 
moistened with sulphuric acid, nitric acid was liberated. It was 
slightly soluble in cold water, and on standing or by warming, 
hydrolysis occurred with the precipitation of hydroidde. Warming 
with sodium hydroxide caused the evolution of allylamine, and by 
distillation with sodium hydroxide and Devarda’s alloy the nitrate 
groups were reduced to. ammonia, which was titrated together with 
the liberated allylamine (Found ; Co, 16-6 ; N, 17*8 ; N ; Co = 


3al-C<^o£^-3al 

\oh/ 


9 03 : 2 . 


3al-0<^^Co-3ri|(N03)8 requires Co, 16-6; N, lT-7,^ 
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The nitrate hydrolyses in boiling water, but the pi'esenoe of 
nitric acid prevents decomposition. Pieroni and Pinotti {he, cit) 
remarked on the formation of a yellow substance together with a 
heavy red compound when the complex nitrate was boiled with 
dilute nitric acid. It has been found, however, that the only 
product of this reaction is a red precipitate of the same composition 
as the above nitrate. It appears that the presence of the nitric 
acid merely retards the hydrolysis, and possibly decreases the 
solubility of the complex nitrate. If the concentration of the 
nitric acid is too high, the salt is dissolved and the complex ion is 
apparently destroyed. 

Meaotiom of the Complex Salts , — ^Concentrated hydrochloric acid 
gives, with either of the complex salts, a dark green,, insoluble 
substance, which on warming dissolves to a bluish-green solution 
of cobaltous chloride and allylamine hydrochloride. The addition 
of concentrated hydrochloric acid to an aqueous solution of the 
complex chloride produces a green solution which reverts to the 
blue colour of cobaltous chloride only on warmmg. Sulphuric acid 
decomposes the complex ion and forms cobaltous sulphate. With 
silver nitrate solution, the complex chloride gives an immediate 
precipitate of silver chloride, together with a red precipitate, in 
concentrated solutions, of the complex nitrate. Ammonium 
sulphide immediately precipitates the cobalt as sulphide. The 
complex salts react, on warming, with potassium iodide solution 
with the liberation of iodine; with potassium bromide, however, 
no oxidation could be detected. 

Discussion of Results. 

The most important result of this investigation has been to 
indicate a new formulation for the salts originally prepared by 
Pieroni and Pinotti. The analytical data now obtained are com- 
pared below with those preyiousty recorded for the complex chloride ; 

Co. a. N. c. H. 


Pieroni and Pinotti 9*7 17-4 

Pieroni 10*0; 9*25 17*1 13*7 35*76 7*76 

Present authors 18*6 16*7 13*1 33*67 6-71 


Our percentages for O, N, C, and H are of the same order as those 
determined by Pieroni and Pinotti for this compound, but there 
is a marked diSerence in the percentages of cobalt. 'V^er^ the 
analytical figures of Pieroni and Pinotti indicate a ratio of Co ; CSL 
1 : 3, the new figures show a ratio of 2 : 2-982. Such a ratio would 
be antteipated from the results obtaii^ by Werner irom the 
oxidation of ammoniacal solutions of cobaltous salts, He was 
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able to isolate and examine many new substances which he formul- 
ated as bridge compounds (“JSfeuere Ansohauungen auf dem 
Gebiete der Anorganischen Chemie,” 1920 ed., pp. 293 et seq ,) ; for 
example, one of the first products of the atmospheric oxidation of 
ammoniacal cobalt solutions is a browmsh-black oxy-compound of 
the composition [(NH 3 ) 5 Co“^- 02 -Co°^(]SrH 3 ) 5 ]X 4 , which on further 
oxidation yields the intensely dark green, so-called anhydro-oxy- 

^{NH 3 ) 5 ]X 5 . Other products ob- 

■(NH3)4Co“^OH^o°^(NH3^^ 


cobaltate, [(NH 3 ) 5 Co^‘ 02 *Co’^(! 
tained by similar means include ^ 

the melano-ohloride and also the 

(HH3)8Co**^^^Co”'(NB: 8)^X3. Irom 
the melano-chloride by simple reactions the oompoimd 

(NH3)8Co=^o|^®(NH8)]x3 


three-bridge compound, 


J 


can be prepared. 

The possibility that the compounds 3al* 

would result from the reactions dealt with m the present investig- 
ation is therefore not unexpected. The reaction is in accordance 
with the general tendency of alkaline solutions of cobaltous salts 
to produce polynuclear complex compounds on atmospheric oxid- 
ation. The new formulation assigns to cobalt valencies of three 
and four. Although quadrivalent cobalt is not normally considered 
to exist, yet Werner found it necessary to postulate its presence 
in such polynuclear compounds as those mentioned above. More- 
over, it will be noticed that this formula assigns to cobalt the 
normal covalency of six, and there is no evidence that Pieroni and 
Pinotti’s compounds necessitate any modification of Sidgwick’s 



rule. 


It is interesting to compare the results obtained from nickel 
salts under similar conditions. Pieroni and Pinotti {Oazzetta, 1914, 
44, ii, 366) found that by the action of allylamine on various nickel 
salts, several substances could be prepared which, like the com- 
pound of cobaltous chloride with allylamine, were very unstable, 
hydrolysing immediately in water. They concluded that in no 
case was there evidence of the existence of complex ions. 

This investigation is being extended to a study of the products 
of the atmospheric- oxidation of alcoholic solutions of cobalt saJte 
in the presence of various other amines. 
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The authors wish to express their grateful thanks to the Depart- 
ment of Scientific and Industrial Research for the award of a 
research grant to one of them (W. R. B.), and to the Chemical 
Society for a grant in aid of this investigation. 

Umiveesity ov Birmingham, 

Rbgb ASTON. [Received y June 9th y 1928.] 


CCCXLIX .— Density of Boric Oxide Glass and 
the Atomic Weight of Boron. 

By Arnold Cousen and William Ernest Stephen Turner. 

In an important paper on this subject, Briscoe, Robinson, and 
Stephenson (J., 1926, 70) were concerned, not with the absolute 
atomic weight of boron, but with the relative values for the element 
present in boron minerals obtained from various terrestrial soimces, 
and in the discussion of the results they were inclined to think that 
the maintenance by them of the same conditions of preparation of 
the boric oxide glass samples would ensure a valid comparison of 
density values even supposing some slight error might be present in 
the absolute values due to the inclusion of minute traces of moisture. 

Of the six preparations of boric oxide, obtained from different 
sources, the densities ranged between 1’79711 (at 17-36®) and 
1-79404 (at 19*25®), corresponding to extreme variations in cal- 
culated atomic weights for boron of 10*847 and 10-788. These 
differences in densities are substantial, being no less than three units 
in the third place of decimals. Differences in the temperature of 
determination in no way account for them : as the authors them- 
selves indicate, a temperature change of 0 * 1 ° should only modify the 
density by one unit in the eighth decimal place. Consequently, the 
authors were led, in conjunction with certain other evidence, to 
conclude “ that boron, like lead, has an atomic weight varying with 
its source.” 

In reopening this subject for discussion, we have no observations 
to make on the evidence previously obtained by Briscoe and 
Robinson (J., 1926, 127, 696) on the basis of their determination of 
the ratio BCI 3 : Ag, but w^e are concerned with the density deter- 
minations on boric oxide glass and with their interpretation ; for 
when reading the paper of Briscoe, Robinson, and Stephenson on its 
publication, doubt immediately occurred to one of us of the adequacy 
of the tests for strain in the beads of fused boric oxide. The authors 
stated: “A number of test beads examined . . . between crossed 
Nicols, appeared free from strain.” It is by no means easy, however, 
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o detect in such a way strain existing in small spherical objects, and 
the authors might well have been misled. Moreover, the magnitude 
of the change brought about in the numerical values of physical 
properties of glasses due to the existence of stresses is not fully 
reahsed except by workers on the vitreous state. Pure boric oxide 
glass and glasses containing boric oxide are particularly susceptible 
to modification of physical properties according to the rate at which 
the specimens have been cooled. 

Whilst the rapid chilling which the beads of fused boric oxide 
underwent as the result of dropping small quantities of the molten 
material into a cold platinum basin made us feel considerable doubt 
about the beads being strain-free, the very fair concordance between 
the results for the samples prepared from six different sources at 
first disarmed criticism. At the time of publication we were engaged 
in the study of the vitreous system boric oxide-silica, and later we 
directed our. attention to the densities of preparations in this system. 
Our first determinations on samples prepared from slightly impure 
boric oxide gave 1*843, a value much higher than those of Briscoe, 
Robinson, and Stephenson. It seemed desirable, therefore, that we 
should investigate carefully this discrepancy. The account which 
follows is a brief summary of the work undertaken, the stages 
enumerated below, however, not necessarily appearing in the sequence 
in which they were investigated. The several factors considered 
as possible to account for the discrepancy were five in number. 

1. The Infiueiice of Purity of the Sampk . — ^The boric acid utilised 
by us as the source of boric oxide in the earlier experiments was B.P. 
material containing total impurity of only 0*17%, equivalent to 
approximately 0*31% in the boric oxide prepared from it by fusion 
at 1400°. The densities obtained for a well-annealed boric oxide 
glass from material of the purity stated lay between 1*843 and 1*845 
in various determinations. 

The same boric acid when recrystaUised once from 10% hydro- 
chloric acid and three times from distilled water was found by 
repeated evaporation with pure methyl alcohol to contain impurity 
not exceeding 0*02 %, The density of eight samples of well-annealed 
boric oxide glass prepared from this purified acid lay between 1*8436 
and 1*8446. 

2. The Influmce of the Method , — Our earlier determinations were 
carried out by the displacement method, a specific gravity bottle 
being used, and by critical tests we were satisfied that the densities 
obtained by means of it were trustworthy to within 0*1%, a trifling 
error compared with the discrepancy between our values and thcisd 
of Briscoe, Robinson, and Stephenson. To ensure still grea<^^ 
accuracy in the ater stages of the investigation, we used a flotatioh 
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method with pentachloroethane and trimethylene dibromide, 
liquids which had been found suitable by the above authors. The 
mean of four determinations on well-annealed boric oxide samples in 
the ease of the i^ecific gravity bottle method was 1*8444, and from 
the flotation method 1*8489. 

3. The Influence of a Trace of Moisture and of (he Temperature of 
Preparation, — ^Fused boric oxide is hygroscopic and readily absorbs 
moisture on its surface, becoming opalescent in the process, A bright 
bead of boric oxide was balanced in the flotation liquid and then 
exposed to the atmosphere for 90 minutes ; after exposure, it floated 
on the surface, indicating a diminution in density due to absorp- 
tion of moisture, which was also indicated visually by a distinct 
opalescent film. 

Experience over several years in the preparation of fused bOTic 
oxide glass has indicated that the last traces of water are eliminated 
with difiSculty on fusing boric acid, and a temperatxue of 900® is 
insufficient. It appeared to us quite possible that the temperature 
employed by Briscoe, Robinson, and Stephenson may not have been 
adequate, for their fusion was carried out in a covered platinum 
crucible for 4 — 5 hours at 900°, followed by heating over a M^er 
burner and a final heating in a Bunsen flame of beads gathered from 
the crucible by a loop of platinum wire, and it is probable that the 
maximum temperature attained cannot have exceeded 1000°. Our 
own samples were prepared by fusion in platinum at 1400° ; but in 
order to test the effect of temperature, a few beads were prepared by 
fusing boric acid at 1000° for 4 hours and subsequently following 
the procedure of Briscoe, Robinson, and Stephenson. The lowest 
density values obtained by us in our series of measurements were 
with the beads prepared at 1000° [see (6) on p. 2657], and it seems 
quite likely, therefore, that a small amount of moisture is still 
retained even after fusion at that temperature, 

4. The Effect of Annealing, — ^This factor proved, without doubt, to 
be the cause of the big discrepancy between our results and those of 
Briscoe, Robinson, and Stephenson. We had already made measure- 
mffits of the thermal expansion of fused boric oxide over the whole 
range of temperature up to the softening point, and had, therefore, 


been able todeduce the cooling curve requisite for thorough annealing. 
In a SOTies of measurements on unannealed specimens, obtained by 
dropping beads into a cold platinum dish, the densities were found to 


lie between 1-8008 and 1-8067. 


The care which must be exercised in annealing glasses required 
for precise physical measurements is illustrated in the followiag 
table, which contains the data for several sets of specimens, one group 
of them having been cooled more rapidly than the other. 
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1. Bate of Anneding. 

Temp SAS* 326* 300* 276“ 240* 206“ 160* 

Time (hours). Curve I ... 0’6 1*6 2*6 8'6 4‘6 6'6 6‘6 

„ „ „ n ... 0-6 2-6 4'6 6-6 8-6 10-6 12-6 


2. Densitiea bg Flotation Methd. 


Sample 

3s^o. 

Size of l>ead (mm.). 

Bate of 
amxealing. 

5a 

3-2 X 4-7 X 6-8 i 

As Curve I 

5b 

3*3 X 4-6 X 7*0 

>9 


5a 

— 


•99 

66 

— 


99 

la 

(2*2 X 2*8) (two beads) 

As Curve II 

lb 

(2*1 X 2*7) 

(3*2 X 5*3) (two beads) 

99 

99 

Sa 

(4*7 X 9*8) 

99 

99 

86 

— 

99 

99 


Dra^ty. 

1-8423 

1-8423 

1-8418 

1-8414 

1-8442 

1-8437 

1-8440 

1-8436 


Wien tie beads were cooled between 345° and 160° during tie 
comparatively long time of 6| hours, tie densities were still some 
2 units in tie third place lower than when 12^ hours were devoted 
to cooling over tie same range. 

6. The Infivmce of Bead Size . — ^Tiis question of size is bound up 
with tie question of rate of cooling. In experiments with tie boric 
oxide prepared at about 1000°, tie beads being unaanealed, a density 
of 1-8017 was obtained for a bead weighing 0-070 g. and 1-7929 for 
a bead of 0-111 g. 

lEie results of ti^ investigation indicate, in tie first place, that 
tie true density- of pure fused boric oxide glass at a temperature 
between 18° and 25° is not 1-7952, as stated by Briscoe, Bobinson, 
and Stephenson, but is more accurately 1-844 (tie mean value of tie 
results by tie specific gravity bottle method belDg 1-8444, and by 
tie flotation method 1-8439). Further, the low figures obtained by 
these authors are mainly due to inadequate annealing of the 
specimens, and, probably in a minor degree, to tie fusion of tie 
boric oxide at about 1000° only. It is clear from results obtained 
in tins Department that in themselves tie variations obtained by 
these investagatOTs in tie density results of boric oxide glass from 
six different teixestrial sources cannot be used as evidence in favour 
(ff tie view that tie atomic weight oS. boron varies according to the 
source of the mineral which contain s it. 

DEPABXBiaatz or Glass 1!sohkoloo7, 

Thb Univbesiiy, SmnmELD. 


[Recei^d, Avffuat 6th, 1928.] 



2658 


GH/BEBT ASTD LOWBY : 


CCCL . — Stvdies in Valency. Fart XI. Molecular 
Conductivities and Extinction Goeffcients of Deriv- 
atives of ojcloTeUuropentane. 

By Fbaitk Lathe Gilbebt and Thomas Mabtut Lowbt. 

Thbottoh the kindness of Professor G. T. Morgan and Dr. H. 
Bnrgess, vre have been able to extend our investigation of the 
dimethyltelluronium salts (this voL, pp. 307, 1997) by measuring 
the molecular extinction coefficients in dry alcohol, and the molecular 
conductivities in mter, of the compounds of cyclotelluropentane 

Fis. 1. 

Molecular esOirustion coeffloienta of eydie tellurium compounds. 



5000 4000 3000 2000 

A. 

recently described by them (ibid., p. 321). In addition to evaTnining 
the dihalides of the three series, represented by (I), (11), and (HI), 
we have prepared and examinedidie base CgH ^foTeO orO5Hj0T6(OB[)2 , 
the hydroxy-halides C 5 Hi 0 Te(OH)X, and the tetraiodide 
of the monocyclic series, and the base {CsHi 0 ) 3 Te 2 (OH )2 of the 
dicyclic series, as well as the bistribromide and the bistri-iodide of the 
latter series. In the case of the bases, the measurements included 
a potentiometrie titration. 

Absorption Spe^ra . — ^The molecular extinction coefficients are 
plotted in Fig, 1 and the most important values are summarised in 
Table I. Most of the observations followed the course that we 
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should have anticipated on the assumption that the dihalides may 
be represented by formulae such as (I), (II), and (III), where the 



covalent and electro valent halogen are distinguished in the usual way. 
Thus the cyclic dichloride gave only a general absorption, as in the 
case of the two dimethyl compounds. The cyclic dibromide, 
however, gave a step-out, log e = 3-85 at X 2600 — ^2850, just as in the 
case of the a- and p-dimethyl compounds, which gave a similar 
step-out, log s = 3*7 and 4*0, respectively, at X2600 — ^2800. At 
longer wave-lengths, however, the absorption of the cyclic dibromide 
agrees closely with that of the a-dibromide, and is very much less 
than that of the p-dibromide, which is sufficiently strong in the 
visible region to give the compound a bright yeUow colour, which 
is lacking both in the isomeric «-compound and in the cyclic 
dibromide. 

The monocyclic di-iodide (I) separates from hot or cold benzene 
in a purple form, but the surface becomes yellow if the solution is 
allowed to dry oh the crystals. When the purple form is heated, 
it begins to pass into the orange form at about 90^ and changes 
rapidly at 110® ; the purple form also becomes orange in boiling 
water before it dissolves. The transition temperature is therefore 
below 100°, but is not easy to determine precisely on account of 
the lag in the transformation, even with rising temperatures. The 
reverse change from orange to purple takes place in a few minutes 
at the ordinary temperature, but is slower if the orange form has 
been kept for some time above 100°. The clear orange crystals 
which are obtained when the di-iodide separates from hot carbon 
tetrachloride may persist for some weeks at atmospheric temper- 
ature before becoming purple, even when exposed to air and light ; 
and a crystal which exhibits both colours may persist for some 
days before it changes completely into the purple form. 

A careful comparison showed that the absorption spectra of 
the two forms in cold alcoholic solutions are identical within the 
limits of experimental error. The spectrum shows the twin 
of the “ iodoform band,*’ the maximum extinction coefficients beiaof^ 
log e = 3*9 at 3380 and log s = 4*05 at 2770, 'The intensitfes 
two maxima are similar to those of the dimethyl di-iodides 
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the a-compound gave log e s= 3‘7 and 4*05, ■whilst the P-compound 
gave log s = 3'8 and 4‘26), but in the vMbte region the absorption 
of the cyclic di-iodide again corresponds ■with that of the a-dimethyl 
di-iodide, since the curve falls away steeply £r(nn the masimum, 
instead of sho^wing the ■wide extension of ■the foot of the band which 
accounts for the deeper colour of the p-di-iodide. 

The cyclic di-iodide (I) also resembles the a-dimethyl di-iodide, 
and differs from the p-di-iodide in that it readily forms a tetraiodMe 
[CgHioTelj+Ia". This compound, which we prepared by mixing 
equimolecular solu^tions of the di-iodide and of iodine in chloroform, 
and boiling the mixture under reflux for 10 minutes, separated as a 
black solid, and crystallised from methyl alcohol in shining, black 
crystals. It melts at 82 — 84® to a black oil, which is slowly dis- 
solved (like the di-iodide) by boilmg water, but to a vwy limited 
extent. Its absorption spectrum is similar to that of ■the di-iodide, 
hut of practically twice the intensity throughout, since both ions 
of the salt give rise to twin maxima at nearly the same ■wave-length 
and intensity (log s = 4*28 and 445, obs. ; 4-25 and 443; calc.). 

AocOTding to the views expressed in our previous paper, bofh 
atoms of halogen in the dihalides of type (III) should be ionised in 
the same way as in the trimethylteUuronium halides. This con- 
clusion is confirmed by the fact that the di-iodide is 

readily converted into a black hexaiodide, This 

compound, which we prepared by mixing the cycHo dd-iodide -with 
2 mols. of iodine in chloroform, and boiling the mixture under reflux 
fat 10 minutes, separated as a black solid melting at, 12T— 129®,.but 
could not be reciystallised on accotmt of its sparing solubility. In 
order to observe its absorption spectrum, 0'0126 g. was dissolved 
in 10 o.c. of dry methyl alcohol, and the solution examined at 
if /5060; The spectrum shbwed the twin maxima of the tri-iodide 
ion, with the same two-fold intensity as in the monocyclic tetra- 
iodids (log s = 4-23. and 4-44, obs. ; 4-30 and 4‘60, calc.), but with a 
wider “ foot ” in the visible region of the spectrum, to correspond 
with the ^eater absorption in this region of the tri-iodide ions. The 
hexabromide, described by Morgan, was also examined in methyl 
alorfliol, and gave a general absorption with clear indications of a 
maximum, log e >4, just beyond X 2400, and ■the. begiimings of a 
step-out, which could'not be traced to longer wave-lengths than 3400 
on accoimt of the limited solubility of the product (the tribromide 
+ ' — 

km in glvea a maximiun, e = 3.4 at X 2flOO, and 

a step-out, log e *5 l-d at X 3900)- 

reir»iiitog'compQ!HPd& of smies (II) and (HI) gave ojsly a 
geaemil- abs^ticsa of. ha agreement with the conclusion that 
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Table I. 

Eidinciion Coefficients in Alcohol of Halogen Derivatives of cyclo 

Telhcropentane. 


(а) Selective absorption. 

CgHioTela Masdjoia 

- 9i 

(C5Hio)8TeaIa(inMeOH) 
C^ipTeBra Step-ou 

(б) General absorption. 

Wa 

log € = 1*5. 

CjHioTeCla 

C6HioTe(OH)I (in water) 
{CsHio)2TeIa 3460 

{C5H,o)2TeBra 

(C5Hio)2TeCla 2680 

(CsHioJsTeala 

(C 5 Hio) 3 TeaBr, (inMeOH); 


A. 

log e. 

A. 

loge. 

t 3380 

3-92 

2770 

4-06 

8560 

4-28 

2880 

4*45 

. 3560 

4*26 

2900 

4*44 

a>t A = 2600 to 28S0. 

loge = 

3-85. 

j-lengths for integral values of log €. 

2-0. 

2-5. 3*0. 

3*5. 

4*0. 

2950 

2840 2730 



2870 

2690 2480 



3130 

2980 2750 



2800 

2500 2340 



2520 

2340 



2900 

2580 2420 




2830 

2330 



3070 

2920 

2500 


none of the halogen ia joined to the metal by a covalent bond. The 
rather heavy general absorption of the iodide (II) can be explained 
by the presence of the group “CHgl, but this explanation is not 
available in the case of the iodide (III). 

Molecular Conductivities, — ^The methods used have already been 
described (this voL, p. 308), but attention may be directed to the 
fact that a few sparingly soluble compounds, which it was undesir- 
able to-hydrolyse by boiling with water, were dissolved in a mmimuBa 
quantity of alcohol and diluted with not less than 20 volumes of 
conductivity water. The validity of the corrections applied to 
these solutions has already been demonstrated in the case of 
a-dimethylteUuronium di-iodide (this voL, p. 313). 

The molecular conductivities shown in Table II are for the most 
part in agreement with the values which we should have predicted 
from the preceding formulse, with the help of the data already 
obtained for the dimethyl compounds. Thus, the dihalides of 
type (II) behave as binary electrolytes, like the hydroxy-halides 
of the dimethyl series, or the simple halides of the trimethyl series, 
and give values of = ca. 100, In the same way, the dihalides 
of type (III)- b^avo as ternary electrolytes, giving = ca, 200. 
The dihalides of type (I), however, gave the same anomalous values, 
A25‘ = ca. 500, which were observed previously in the dimethyl 
series, so that once more it was clear that, whereas one halbgen is 
ionised more or less completely, the other is hydrolysed to a simikiir 
d^ee. The tetraiodide of type (I) gave similar values, 
ca, SQO, and was evidently hydrolysed according to the soheBa^ - 
[OjHioTel]!, + HgO =5=i: [CgHioTeOHjla + HI. 
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An unexpected result was obtained, however, when the bis-tri- 
bromide of type (III) and the analogous bis-tri-iodide were dissolved 
in boiling water and cooled to 25*^, since, instead of behaving as 
ternary electrolytes, with = ca, 200, theic solutions gave 
molecular conductivities of the order = 1000. This anomaly 
can be explained most readily by supposing that the compounds are 
decomposed according to the scheme 

— >2[C5Hio:TeOH]I + 2HI + 

The conclusion that the high conductivities of this compound are 
due to a progressive decomposition was established by dissolving 
the polyiodide in cold alcohol and diluting it with cold water, 
whereupon we found A^®* = 106, reckoned on the total concentr- 
ation of the polyiodide, part of which, however, was still undissolved. 
When the solution was warmed, the value rose to A = 136 at 
40®, and A = 316 at 100®. finally, after some minutes’ boiling, 
when all the material had dissolved, the conductivity rose to A^^* = 
794, or A®®* = 930 when corrected for the alcohol used as solvent, 
in good general agreement with the values recorded in Table I. 

The hydroxy-halides, which are formed by the hydrolysis of the 
monocyclic dihalides, were prepared by mixing the free base (see 
below) and the dihalides in molecular proportions, and were 
found to behave as strong binary electrolytes, just as in the case 
of the hydroxy-halides prepared from Vernon’s salts. The con- 
ductivities agree more nearly with those of the a-series than of the 
P-series, but we cannot lay any stress on this fact, as we have not 
yet found a satisfactory explanation of the higher values recorded 
jEor the latter compounds. In the case of the free bases, however, 
where there is a much greater contrast between the a- and p-series, 
the conductivities of the cyclic compound are much lower than 
those of Vernon’s p-base, and differ only to an insignificant extent 
from the very mall values already recorded for the a-base at similar 
dilutions. 

Potmtiometric Titration of th6 Bases. — (a) The momcyclic base, 
C^HxoTe(OH)2 or was prepared by grinding the dibromide 

with freshly prepared silver oxide ; when the solution was evaporated 
to dryness in a vacuum, the base was obtained as a colourless solid, 
but.toe quantity was not sufficient for an analysis to show whether 
the base was anhydrous or hydrated. On re-dissolving, it gave the 
same reactions as the, original base with acids, with silver nitrate, 
and with ferric chloride, and hence was not converted into an 
isomeride under the conditions which cause Vernon’s a-base to 
change into the p-base. With hydriodic acid, the base gives a 



STUDIES IN VALENCY. PAJIT XI. 


2663 


Table II. 


Molecular Conductivities of Derivatives of cyoioTelluropentane, 


V = 128. 

256. 

612. 

1024. 

2048. 

4096. 

Type I. 

C5E[ioTeCl2 

476 

482 

491 

482 

478 

Og£[ iqT e6r2 

-481 

485 

493 

492 

489 

CgHioTeIg (orange) 


476 

484 

484 

469 

CgHioTela (pxirple) 


473 

486 

493 

478 

CsHigTelo purple) 


474 

479 

483 

474 

5% alcohol at V = 612 
(corrected values). 

aH,„TeI. 



488 

491 

493 

4*5% alcohol at = 1024 
(corrected values). 

C5Hi„Te{OH)Cl 96 

98 

102 

105 

107 

112 

C5H,«Te(OH)Br 96 

100 

104 

108 

110 

112 

C,HioTe(OH)I 

C^HioTeCOH), 5-5* 

97 

6-4 

102 

8-0 

107 

10'6 

110 

111 

Type n. 

(C^io)*TeCl, 

92-5 

94*4 

96*5 

98 

101 

{C,Hi,),TeBr, 

90*5 

94*4 

96-5 

99 

102 

{C5H.,),Tel5 

92 

96 

98 

101-5 

104 

Type III. 

(C5B[ig)3Te2Br2 

199 

209 

219 

225 

232 

(C5Hio)3Te2l2 

185 

107 

206 

213 

219 

(CgHigjsTeaBr g 


1074 

1098 

1115 

966t 

1114 

986t 

♦ At t; = 42*6, A25- = 4-2, 

and at 

V = 64, 


4-6. 


t For v =s 2260. 

J For V = 

4520. 




canary-yellow precipitate, m. p. 136 — 137®, which is probably the 
orange form of the cyclic di-iodide, m. p. 135 — 136^, This precipit- 
ate does not change colour when heated to its m. p., but turns 
purple (or dark red) when compressed with a spatula, and retains 
;his colour when the pressure is released. The dark red form reverts 
»o the yellow form at 115®, but this does not change back to red on 
jooling. 

A potentiometric titration was made, with a glass electrode, of 
n A7'/45-solution, which was neutralised with A^'-hydroohlorio acid, 
he resulting curve is plotted in Fig. 2. The free baise gave = 8*3, 

1 close agreement with the value for the a-dimethyl base. The 
iuivalence point was pn — 4*1, the values at 98% and 102% 
mtralisation being 5-1 and 3-4, a range of b7 units. At half- 
mtralisation j3H = 6*8, whence — logiri? = 7-2 and jK 3 = 6-3 X 

The titration curve almost coincides with that of Vernon’s 
base ; but -it differs fundamentally from the curve for the p-base, 
that it shows no sign of an intermediate inflexion. , » 

[b) The dieyclic base, was prepared by 

ion of silver oxide on the di-iodide or dibromide. In oidmim'. 

4t 
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obtain a good jdeld, it was necessary to grind the di-iodide with 
silver oxide for 2 — 3 hours, whereas | hour is ample for the con- 
version of the monocyclic di-iodide and the dimethyl di-iodides 
into the corresponding bases. A quantitative experiment with a 
weighed quantity of the dicycHc di-iodide showed that under these 
conditions the neutral point with methyl-orange corresponds closely 
with that calculated for neutralisation of both hydroxyl groups of 
the base. After evaporation and dissolution, the base gave the same 
reactions as before towards silver nitrate, picric acid, hydriodic acid, 
and ferric chloride. 

A curve for the potentiometric titration of an A^/lO-solution of 
the dicyelic base with a glass electrode against .W'-hydrochlorio acid 


2 . 


PotentiometriG titrations. 



is shown in Fig. 2. The solution was freshly prepared, since less 
than 1 hour elapsed between the preparation of the base and the 
commencement of the titration. The dicyelic compound is a strong 
base, which gave pn = 12-6 at NflO or iK'/20, in marked contrast 
with the weak monocyclic base, which gave ps = 8-3 at\ZV/46. A 
slight break, corresponding to the neutralisation of the first hydroxyl 
group, was observedRt 60% neutralisation, but this could easily have 
been obliterated in drawing the diagram. At about 76% neutralis- 
ation the readings became unstable and began to drift towards the 
alkaline side, the largest drift being about 44 millivolts or 0*8 in the 
value of The values plotted in Kg. 2 were obtained after an 
interval of about 16 minutes, when the drift had become very slow'j 
but we cannot be sure that they were the final equilibrium values, 
and it is possible that after long delay the values might have drifted 
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to those required to give the typical (broken) curve for a strong base. 
At 80 — 100% neutralisation the drift was more rapid, and at 100% 
steady values were obtained immediately. 

The abnonnahties described above were confirmed in almost every 
detail by a duplicate determination with a freshly prepared JV/W’S 
(or M /29)-solution. A third solution, of concentration N /14, which 
had been made up for about 9 days, however, gave a more abnormal 
curve, which straggled across from an initial value ?= 12 , to 
-Ps = 6 at 100% neutralisation. Similar abnormalities were 
observed in the conductivities of these solutions. Thus the equiv- 
alent conductivities of the solution which was used for the first 
potentiometric titration, when examined 2 days after it had been 
prepared, had the following values at 20 ® : 

71*6 143 286 672 1144 

190 195 197 197 196 

Since the mobility of the bivalent kation (C 5 B[io) 3 Te 2 '*’+ is about 
34 X 2, whilst that of the hydroxyl ion at 20® is about 178, these are 
normal values for a strong base with = ca. 210. On the other 
hand, the third solution, when 10 days old, gave the following 
equivalent conductivities at 25® : 


V 100 200 400 800 1600 

A*®* 116 122 126 129 129 


These conductivities are about one-third less than those recorded 
for the first solution, whereas they should be about 8 units higher 
to allow for a temperature difference of 6 ®. 

Although we cannot offer any precise explanation of these 
anomalies, they are clearly due to a locking-up of the basic pro- 
perties of the hydroxide by a reversible process which may be 
compared with the formation of a pseudo-base. This view is sup- 
ported by the fact that a progressive decrease of conductivity was 
observed in a freshly prepared solution of the base, which gave the 
following readings (S = resistance ; t = time, in hours) : 

* — 0 0-5 1 2-8 4*5 6 22 46 95 101 119 142 

ie... 88*5 90-1 90*8 90*9 9M 91*3 93*8 96-8 101-6 102 103-6 106 

Ag* 142 121-6 119*5 

In this case, the conductivity fell progressively from an initial value, 
which was approximately mid-way between those of the fibcst and 
third solutions, to a final value, which was approximately the same 
as the latter. The strength of the solution, as tested by titration 
with methyl-orange as indicator, however, was exactly the same at 
the end of 6 days as when tested initially. Ofl, the other hand^ ‘ 
another freshly prepared solution had already reached a 
value A 47 =117 at the end of 6 minutes from the time 
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base was extracted from the silver oxide, and maintained it with 
small fluctuations during a period of 2 days : 


t 0-1 0*4 ^*5 4 5-5 21*5 30 46 48 

B 86-0 86'0 86*4 85-0 85*6 86*2 87*6 87*0 87*0 


These observations show that solutions of the dicycUc base are 
subject to wide variations of properties, depending on the age of the 
solutions and on other factors which are still obscure ; but no more 
material was available to enable us to pursue the enquiry any 
further. 

Action of Alkalis on the Cyclic Di4oMde . — The most striking 
contrast between Vernon’s a- and p-compounds is found in the fact 
that the a-di-iodide yields sparingly soluble basic iodides when acted 
on by alkalis, whilst the p-di-iodide undergoes a molecular rearrange- 
ment, which can be compared with a pinacol-pinacolin trans- 
formation, since it gives rise to trimethyltelluronium iodide as one 
of the products. In order to find out which type of behaviour is 
characteristic of the monocyclic iodides, the purple di-iodide was 
boiled with a concentrated aqueous solution of potassium carbonate, 
and evaporated to a small bulk. The colourless crystals which 
separated decomposed at 195® and contained 39 — 4:1% I, whereas 
the monoxyiodide (C5lIi0)2Te2Ol2 would require 38*3% I. The 
compound resembled Vernon’s a-monoxyiodide in being soluble in 
water and neutral to methyl-orange, but differed from it in that it 
did not change colour in air. 

A colourless solid obtained by grinding the solid di-iodide with 
concentrated aqueous ammonia turned yellow on exposure to the 
air or when heated at 100° ; it contained 34% of iodine, gave a 
neutral aqueous solution, and blackened and decomposed at 160°. 

The products obtained by the action of potassium carbonate and 
of ammonia on the monocyclic di-iodide are obviously quite distinct 
from the dicycUo di-iodide, {C5Hio)3Te2l2, which would be the 
analogue of the trimethyltelluronium iodide formed in Vernon’s 
transformation of the p-salt ; on the other hand, their composition 
and properties are those of basic iodides, and therefore con&m the 
conclusion that in this respect also the cyclic di-iodide exhibits the 
behaviour of an a- rather than of a p-salt. 

Summary. 

Measurements have been made of the molecular conductivities 
and extinction coefficients of the cyclic tellurium compounds 
recently described^ by Moi^an and Burgess. The tertiary salts 
behave as strong electrolytes, like TeMe3l, but the secondary salts 
resemble TeMe2l2 in losing one molecule of halogen by Jbydrolysis, 
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giving rise to hydroxy-halides. Observations of the conductivities 
of the base and of the form of the curve obtained from a potentio- 
metric titration, together with the absorption spectrum of the 
iodide and its behaviour towards iodine and towards alkalis, show 
that the cyclic compounds resemble Vernon’s a- (or trans-) series of 
compounds rather than the isomeric p- (or cis-) compounds. 

We are indebted to Professor Morgan and Dr. Burgess for speci- 
mens of the cyclic tellurium compounds, and to the Department 
of Scientific and Industrial Research for a maintenance grant to 
one of us (F. L. G.) during the period within which the research now 
described was carried out. 

Ghemeoal Laboeatory, 

University of Cambridge, [Received, June 7th, 1928 .] 


CCCLI . — An Investigation on the Oeria-Thoria 
Catalysts. 

By A. B. Goaas. 

It has been shown by Swan (J., 1924, 125, 780) that, of all the 
mixtures of ceria and thoria, that used in the gas mantle (CeOg 1 % ; 
ThOg 99%) is the most efficient for bringing about the oxidation of 
hydrogen. The present investigation was undertaken to determine 
whether this mixture was also the most efficient for the combustion 
of other gases, the gas chosen being carbon nxonoxide. 

Thoriumnitratewas purified by the method of Neish {J,Amer, GJmn, 
Soc., 1904, 26, 781), the details being essentially the same as those 
used by Swan (loc, ciL), Cerium ammonium nitrate was prepared 
by the method of Imry {Z. anorg. Ghem,, 1927, 164, 781) and 
recrystaJlised three times from 10*5jV-nitric acid . Carbon monoxide, 
prepared from redistilled formic acid and pure sulphuric acid, was 
mixed with pure oxygen, prepared from potassium permanganate, 
in the proportion of 2 : 1 by vol. 

The solutions of the nitrates were mixed in the requisite proportions 
and the mixed oxalates were precipitated with recr 3 rstallised oxalic 
acid and boiled with a slight excess of oxalic acid to reduce the eerie 
salt to the cerous state, the same quantity of oxalic acid being used in 
each case. The precipitates were filtered off, and ignited to constant 
weight at as low a temperature as possible ; they were then sieved, 
made into a paste with water, spread evenly on thin glass slips 
(2‘2 X 0*4 mm.), and dried at 140® for 5 hours, 

Experiments were at first conducted in an apparatus similai^^"' 
Swan’s (foe. ciL), but unsatisfactory results were obtained 
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of the accumulation of the carbon dioxide over the catalyst and the 
impossibility of starting to take readings at corresponding times. 
The following experiments were made by passing the carbon 
monoxide-oxygen mi x ture (freed from carbon dioxide) at constant 


Fio. 1. 



pressure through, a flow-meter oyer the catalyst in a hard-glass tube 
in the furnace, collecting the carbon dioxide formed in two flasks 
containing bmum hydroxide of known strength, and titrating the 
excess of barium hydroxide, phenolphthalein being used as indicator. 
Care was taken that the catalyst was always in the same part of the 
tube so that the pre-heating of the gases should be the same in all 
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cases. The glass slip was put flat on the bottom of the tube. The 
temperature employed was 485°. 

The following were the results obtained, each experiment being 
made with a different catalyst-slip. It is seen that the rate of 
formation of carbon dioxide {dcjdT) attains a maximum at 0-96% 
of ceria (see also Fig. 1), and hence that the catalyst which Swan had 
found to be most efficient in the oxidation of hydrogen is also the 
most efficient for that of carbon monoxide. 


Catalyst, 

Time, 

COa 




%CeO 2 . 

mins. 

formed, g. 

10* X dcldT. 

Mean. 

0 

60 

0‘0079 

1*317] 



60 

0*0077 

1*283 [ 

1*30 


60 

0-0079 

1*3171 


O-o 

40 

0-0362 

9*051 




30 

0*02746 

9*16 


9*0 


30 

0*0266 

8*83j 



0-S 

30 

0*0410 

13*67] 




30 

0*0436 

14*53 

. 

14*0 


30 

0*0416 

13*83j 



0*96 

15 

0*0270 

18*0 1 




15 

0*0268 

17*86 

- 

18*0 


15 

0*0274 

18*26 



1*2 

15 

0*0240 

16*001 




15 

0*0246 

16*36 ' 

- 

16*2 

3-0 

60 

0*0287 

4*78 J 




30 

0*0121 

4*02] 




30 

0*0131 

4*37 

. 

4*3 


30 

0*0125 

4*17 




My thanks are due to Professor Baker for his encouragement and 
help during this investigation. 

Boyal College oe Science, 

London, S.W.7, [Received, July 1928.] 


CCCLII . — Studies m the Composition of CoaL OiU 
yielding Constituents. 

e 

By Eonald Holboyd and Eichard Vernon Wheeler. 

Bituminous coal being a conglomerate of different tj^pes of com- 
pounds which decompose at different temperatures, yielding charac- 
teristic liquid and gaseous products, it is reasonable to suppose 
that by the slow destructive distillation of the coal as a whole the 
contriWtions of each type of compound to the distillates might be 
recognised. In particular, it would seem probable that those 
constituents of the coal which, when separated therefrom by means 
of solvents, are found to melt below 100° (see Cockram and Whfe|||> 
J., 1927, 700) should become liquid and flow from the coal 
low temperatures. The wwk of Burgess and Wheeler 



2670 


HOLROYD AND WHEELER : 


105, 131) and, more recently, of King and Willgress (Fuel Eesearch 
Board Tech. Paper No. 16, 1927) is significant in this connexion. 

We have carried out slow destructive distillations, in a vacuum, 
of a number of bituminous coals, using varieties which had already 
been studied by solvent analysis and other means, so that their 
general character was known. We record in detail in this paper 
the results obtained with one coal, bright coal (mixed vitrain and 
clarain) from the Wigan Six Foot seam. 

The main conclusions to be drawn from the results (which experi- 
ments with other coals amply confirm) are : (1) That the hydro- 
carbons and resins, extractable from the coal by organic solvents, 
yield a high proportion of the oils obtained on distillation, the 
former being distilled unchanged, quantitatively, and the latter 
partly distilled and partly decomposed. (2) That the coal has a 
definite decomposition point, which is not appreciably affected by 
changes in the experimental conditions. With the Wigan Six 
Foot coal the decomposition point occurs at 318°. Characteristic 
products of this decomposition, which is of the ulmin constituents 
of the coal, are water and phenolic compounds. As soon as the 
decomposition point of the coal has been passed, its character, as 
evinced by its behaviour towards solvents, its caking-power, and 
its reactivity in general, undergoes a sudden and marked change. 

Experimental. 

The method of experiment was similar to that used by Burgess 
and Wheeler (Zoc. cU.), A charge of 250 g. of the undried coal, 
ground to pass a 20-mesh and remain on a 50-mesh sieve (I.M.M. 
standard), filled a cylindrical retort of Jena glass, fixed vertically 
with its mouth downwards. The retort (see Fig. 1), which was 
heated electrically in a tube furnace specially designed to secure a 
uniform temperature throughout its length, was connected by a 
ground glass joint, A, through a series of three condensers, to an 
automatic mercury Sprengel pump. A glass tube, B, reaching to 
the centre of the charge of coal, was fused into the head of the 
retort for the reception of a thermo-couple. A second thermo- 
couple was lashed to the outer wall of the retort. The required 
temperature was regulated by means of the outside thermo-couple. 
About 12 hours elapsed before the inside thermo-couple recorded 
the same temperature as the outside, but thereafter both records 
remained constant and identical. 

A difiSculty encountered mth regard to the collection of the less 
fluid oils distilled from the coal, which it was desired to separate at 
intermediate stages of the heating, arose through their condensation 
at the neck of the retort, whence they could be removed only after 
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dismantling the apparatus. To obviate this difficulty, the arrange- 
ment shown in Fig. 1 was devised. A glass tube, C, bearing a small 
cylinder of soft iron at its lower end, was placed within a test-tube, 
D, and the two were inserted within the fibrst of the series of three 
condensers connected to the retort. When the apparatus was 
assembled for an experiment, the whole being thoroughly evacuated, 
the tube C was raised by means of a solenoid, so that its upper end 
fitted closely over the 


mouth of the retort at 
E. It was then gripped 
in position by slightly 
turning the wide-bore 
tap, F. At any stage 
in the distillation of 
the coal the tube C 
could be withdrawn 
below the tap F (which 
could then be closed) 
and the oils that had 
condensed within it 
examined. 

Method of Carrying 
ottJ a Distillation, — 
After evacuation of the 
apparatus, the temper- 
ature of the charge of 
coal was slowly raised 
to 100° and maintained 
continuously during 
120 hours. Any liquid 
and gaseous products 
evolved were collected , 
the former in the con- 
the second 


Fio. 1. 




B 


Hetopt 



I 



A ^ / 


and third of which were cooled by immersion in solid carbon dioxide 
dissolved in ethyl ether, and the latter over mercury at the Sprengel 
pump. The temperature was now raised over the second desired 
range,- 48 hours being taken in doing so, and maintained at the 
higher value during 120 hours, the liquids and gases evolved being 
collected as before. And so for each temperature range, ^he 
pressure within the apparatus, even at periods of maximum gas- 
evolution, never exceeded 3 and was usually less than 1 
Examination of Liquid Products . — ^The liquid products 
lected in two portions over each temperature range : 

4 T 2 
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and “ light oils condensing at — 80® in the two cooled receivers ; 
and (2) heavy oils ” condensing at atmospheric temperature in 
the first receiver. The ‘'light oils/’ consisting mainly of light 
petroleum, were weighed but not closely examined. The “ heavy 
oils ” were analysed in the following manner. A chloroform solu- 
tion of them was washed successively with dilute solutions of sodium 
carbonate, potassium hydroxide, and sulphuric acid, from which 
solutions acidic, phenolic, and basic oil fractions were recovered. 
The residual neutral oil was extracted in a Soxhlet apparatus suc- 
cessively with light petroleum, ethyl ether, and chloroform. The 
extract by light petroleum, consisting mainly of hydrocarbons, was 
treated with concentrated sulphuric acid, tWeby making a separ- 
ation of saturated from unsaturated compounds, and in some 
experiments the saturated compounds were treated with fuming 
sulphuric acid and nitration mixtures for the removal of aromatic 
compounds. 

Distillation of Wigan Six Foot Coal , — ^The sample of coal used 
for these experiments was the bright portion of the seam, a clarain 
with numerous streaks of vitrain. It contained 2*7% of ash and 
the ultimate analysis, on the ash-free dry coal, was : C, 81*8 ; 
H, 5'5; 0, 9*24; N, 1-52; S, 1-94. Solvent analysis (see Cockram 
and Wheeler, loc. ciL) by pyridine and chloroform gave : Insoluble 
in pyridine (a), 81*54; soluble in pyridine but insoluble in chloro- 
form (p), 12*34; soluble in both pyridine and chloroform (y), 6*12. 
The y-compounds contained : Soluble in light petroleum (y^), 1*53 ; 
soluble in ethyl ether (yg), 1*46; residue (yg and y^), 3*14 (all 
expressed as percentages on the ash-free dry coal). 

Table I records the production of gaseous and liquid distillates 
by successive stages up to 550®. 

The gases evolved up to 100® were mainly the higher paraffins. 
No marked increase in the rate of evolution of gases occurred up 
to 300®, but the proportion of paraffins decreased and that of oxides 
of carbon increased. Hydrogen was first noticed in the gases 
evolved over the range 300 — 320®, but even at 350® the gases con- 
tained no more than 1% of hydrogen, the fraction collected over 
the range 320—350® consisting mainly of the paraffins (ratio C/A 
on explosion analysis, 1*50), with about 10% of higher olefines. At 
300®, hydrogen sulphide first ihade its appearance, a mobile oil, 
con<^ensed at —80®, with a pungent garUc-hke odour being evolved 
simultaneously. 

The ooal, which had previously been exhausted at room tem- 
perature during 4 days, lost 6% by weight of moisture up to 100®. 
This is not recorded as a product of distillation in Table I. Very 
little water was evolved between 100® and 300®. The " light oils ” 
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Table I. 

Distillation Products of Wigan Six Foot Coal. 

(Liquid products expressed as per cent, by weight on ash-free dry coal.) 


Temp, up to 100 '" 200 ® 250 ® 300 ® 320 ® 350 ® 400 ® 550 ® 

Total gas (c.c. per 

100 g. of coal) ... 40 127 150 178 602 1772 (not measured) 

Water: — 0*12 0*16 0*29 0-79 2-09 4*09 6-39 

Light oils Nil 0-04 0-10 0*35 0-67 1*30 2-31 2-70 

Heavy oils Nil 0-23 1-33 3*24 8*79 10*90 10*99 

Fractionation of 
heavy oils. 

Sat. hydrocarbons... — — 0*19 0-70 0*99 1*76 2*06 2*06 

Unsat. hydrocarbons — — 0*04 0*46 1*50 3*35 3*72 3*80 

Phenolic and acidic 

oils — 0*37 1*72 1*94 1*94 

Ether-sol. oUs — o *07 0*09 0*85 1*24 1*24 

Chloroform-sol, oils — — — 0-06 0*08 0*26 0*36 0*35 

Bases — — — — Trace 0*12 0*55 0*65 

Loss during fraction- 
ation — — 0*04 0*21 0*74 1*04 


were noticed first at 150® and the '‘ heavy oils,” condensing at 
atmospheric temperature, at 225®. The first runnings of heavy oils 
were mobile and of a red colour. They continued to be of this 
character up to 300®, very little gas being evolved meanwhile. At 
318®, there was a sudden acceleration in the production of gases, 
water, and oils. At this temperature, phenolic and acidic com- 
pounds ware noticed in the oils for the first time, but the bulk con- 
sisted of unsaturated hydrocarbons. At 330®, oils of another type 
were distilled simultaneously with the hydrocarbons. These were 
viscous and insoluble in light petroleum but soluble for the most 
part in ethyl ether. The production of heavy oils ceased at about 
390®, the greater proportion being distilled over the range 300 — 375°, 
Light oils continued to be evolved in small quantities above 400® 
and water up to 550®, the highest temperature employed. Analyses 
of different fractions of the heavy oils are given in Table II, com- 
parison being made with the and y^ extracts of the original coal. 


Table II. 


Analyses of Oil Fractions. 

Per cent. 

on ash-free Carbon 


Material. dry coal, %. 

/Total heavy oils up to 300® 1*33 87*3 

\yi extract from the coal freed from resins 1*20 86*6 

/ Sat. hydrocarbon oils up to 300® 0*70 86*8 

\ Sat. l^dxocarbon oils from Vi extract ... 0*76 86*4 

/Ether-soluble portion of oil first evolved 

- at 330® 1*24 81*8 

(va extract from the coal 1*46 81*6 


Hydrogen 

%' 

9*26 

9*10 

10*10 
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The amount of y^^-extract from the coal was 1'53%. The removal 
of resinous compounds by Eobinson’s method (J., 1926, 127, 768) 
left 1'20% of a hydrocarbon oil. Both in quantity and in com- 
position tj^ oil corresponded closely with the “ heavy oil ” distilled 
from the coal up to 300°. Moreover, both the distilled oil and that 
removed from the coal by solvents lost 40% by weight on treatment 
with concentrated sulphuric acid, and from the saturated hydro- 
carbons remaining, of both oils (see Table II), a white solid hydro- 
carbon, m. p. 56 — 58°, was obtained by precipitation on cooling 
from boiling acetone. This close similarity (and the fact that very 
little gas accompanied the oils distilled from the coal) suggests that 
the primary oil obtained below 300° was yielded, without decom- 
position, by the yi-fraction. With all the coals we have examined 
in this manner there is close correspondence, both in quantity and 
in composition, between the hydrocarbon oils distilled from the 
coals below 300° and theyj-extracts (freed from resinous compounds). 

The viscous oil that first made its appearance at 330° could be 
separated from the hydrocarbons by treatment with light petroleum 
and ethyl ether. On evaporation of the solvent, a red-brown solid 
was obtained similar in composition and general character to the 
resinous yg-extract from the coal. The quantity of this resinous 
material distilled from the Wigan Six. Foot coal approximated to 
that of the yg-fraction, but with other coals the quantity may be 
considerably less. 

Two fractions of the primary liquid distillation products of 
bituminous coal can thus be identified with the y^ (hydrocarbon) 
and yg (resinic) constituents that are removed from the coal by 
solvents, and can be regarded as having been liquated from the coal 
conglomerate, not produced by decomposition of the coal substance. 
The thermochemical decomposition point of the coal is marked by a 
copious evolution of gases and water and by the appearance of 
phenolic and acidic compounds. With the Wigan Six Foot coal 
this thermochemical decomposition point was 318°, The work of 
Jones and Wheeler (J., 1914, 105, 140) shows that the phenolic 
compounds are products of decomposition of the ulmin portion of 
the coal exclusively. They are accompanied by much gas and 
water. 

, Emmimtion of Residues from Distillation of Wigan Six Foot OoaL 
— ^In- view of the close correspondence between the y^ (hydrocarbon) 
and yg (resinic) fractions, extractable from the Wigan Six Foot coal 
by solvents, and certain portions of the oils obtained on distillation 
of the coal, it was considered desirable to examine the solid residues 
remaining after distillation at different temperatures, more par- 
ticulsu^ly as to their contents of substances extractable by solvents. 
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To this end a series of distillations of different charges of the same 
coal was carried out, in the manner already described, heating being 
stopped at 250°, 280°, 300°, 320°, and 350°, respectively. Each 
residue, after being washed with chloroform in the cold to remove 
traces of liquid distillates that might be adhering to it, was sub- 
jected to solvent analysis ” according to the scheme outlined by 
Cockram and Wheeler. The results are in Table III. 

Table III. 

Solvent Analysis of Distillation Residues, 

(Per cent, on oiiginal coal, ash-free dry.) 

(Soluble in chloroform.) 


Sol. in Insol. in 

pyridine. light 

Insol. in Sol. in Sol. in Sol. in petroleum 
Insol. in chloro- chloro- light ethyl and ethyl 
pyridine. form. form, petroleum, ether. ether. 
Original coal ... 81*54(a) 12*34(j3) 6-12 (y) 1-53 (yi) 1*46 (y«) 3*14 (yg-f-yi) 
Residue at 250° S6*31 8-79 4*90 1*33 1-64 1-93 

„ 280° 87-48 8-12 4-40 0-91 1-82 1-67 

„ 300° 87-71 8-25 4-04 0-58 1-95 1-51 

„ 320° 84-35 10-08 6-57 0-52 2-10 2-95 

„ 350° 92-28 6-73 1-99 0-19 0-78 1-02 


The general character of the changes that have taken place 
during the distillations is shown in Fig. 2. The residue after 
distillation at 300° contained but a small quantity of material 
extractable by light petroleum after fractionation with pyridine 
and chloroform (i.e., material corresponding with the yi-fraction of 
the original coal). This, on examination by Robinson’s method, 
was found to be wholly resinic. Corresponding, therefore, with the 
liquid hydrocarbons collected from the distillation at this tem- 
perature, the coal residue is devoid of an equivalent amount of 
material of like nature which, before the coal was heated, could be 
extracted from it by solvents. This, coupled with the fact, already 
recorded, that but little gas is evolved at this temperature, is strong 
presumptive evidence that the oils distilled were originally present, 
as such, in the coal. Additional evidence is afforded by the fact 
that the hydrocarbon oils collected from the distillation of the coal 
up to 300° can be redistilled unchanged (in a vacuum) over a tem- 
perature range but little lower than that at which they were distilled 
from the coal. 

Heating at each stage up to 320° caused in the residues an increase 
in the amounts of extracts corresponding with the yg'f^^ction of 
the original coal. This was probably derived from the reshi 7 Ji^..{| 
constituents originally soluble only in chloroform or aoetpuft 
^ 3 - and y 4 -fraetions), since the effect of moderate heat on 
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to render them in part soluble in ethyl ether, when they are recog- 
Disable as resins. 

The residue after heating at 350® had lost most of the original 
ether-soluble material (yg-fraction), and, as already recorded, an 
identical material first appeared in the liquid distillation products 
just below this temperature (at 330°) and could be separated from 
them as a red-brown soM. The source of this soM is thus the 
extractable resins of the coal, but complete distillation of the resins. 


Fig. 2. 



unchanged, from the coal 
cannot be presumed (as it 
can with the hydrocarbons), 
for with the majority of coals 
less is obtained by distillatioh 
than by extraction. More- 
over, this resinous distillate 
from the coal cannot be re- 
distilled unchanged. On dis- 
tillation at 400® in a vacuum, 
for example, the distillate 
amounts to about 70% of the 
original, is more fluid and is 
soluble (60%) in light petrol- 
eum, and the undistilled 
residue is soluble in chloro- 
form. 

Two observations suggest 
the manner in which this 
resinous distillate is yielded 
by the coal. When the 
duration of heating was much 
prolonged, the temperature 
at each stage being main- 
tained during 720 instead of 


Temperature at which coal was distilled, the usual 120 hours, a 


quantity of the ether-soluble 
resin was present in the distillate at a rather lower temperature 
than before (at 310°), and some could be washed out of the 


residual coal charge with cold chloroform, suggesting that the first 
action of heat on the resinic constituents of the coal was to liquate 
them to the surface of the coal particles. Further, when a number 
of coals are examined in the manner described in this paper, it is 
found that the relationship between the quantity of resins extract- 
able from the coal by solvents and obtained from them by distil- 
lation is dependent on the amount of hydrocarbon oil that accom- 
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panies them. The greater the quantity of hydrocarbon oil distilled 
from the coal, the nearer does the quantity of resins distilled corre- 
spond with the quantity extractable from the original coal by 
solvents. The suggestion is that, during the heating of the coal, 
the resins are first melted and then in part carried away by the 
hydrocarbon oil vapours that are being distilled at the same time. 
No doubt such of the resins as are not vapour-distilled in this 
manner are later decomposed or modified by the heating in much 
the same manner as they are found to be on redistillation, becoming 
mobile and for the most part soluble in light petroleum. 

The thermochemical decomposition point of the coal is sharply 
defined and is unaltered by changes in the experimental conditions. 
With the Wigan Six Foot coal the decomposition point is 318® 
whether the distillation is effected in a vacuum or at atmospheric 
pressure. Heating during one month at 310° causes no appreciable 
decomposition. 

Marked by a copious evolution of gases, water, and oils, the 
decomposition point of a coal is the beginning of the breakdown 
of the ulmin constituents (the major part of the coal), and there- 
after the effect of heat is to produce profound changes in the coal 
substance. These changes, apparent on examination of the solid 
distillation residues, affect not only the behaviour of the coal 
towards solvents (see Fig. 2) but its reactivity in general (with 
oxygen, for example) and its caking power. A further com- 
munication, in which the decomposition points of a number of 
coals are compared, wili deal with this subject more fully. 

Whilst the characteristic liquid products of destructive distillation 
of the ulmin portion of the coal are phenolic and acidic compounds, 
hydrocarbon oils are also produced and contribute to the yield of 
such oils obtained on Iieating the coal above its decomposition 
point. For the most part, however, the hydrocarbon oils obtained 
over the higher temperature ranges are derived from the organised 
plant entities (mainly spore exines and cuticular tissues) preserved 
in the coal. Details of the researches on which this conclusion is 
founded will be given later. 

The work described in this paper forms part of a research on the 
constitution of coal which we are carrying out for the Safety in 
Mines Eesearch Board, to whom our thanks are due for permission 
to publish the results. 

Safety in Mines Keseaech Labobatoeibs, 

Sheffield, [Received, August 3rd, 1928, J ^ 
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CCCLIII . — A Synthesis of BehenoUc Acid. 

By Ramablanta Bhattachabya, Shankar Rao Saletore, and 
John Lionel Sbionsen. 

An analytical investigation led Mirchandani and Siraonsen ( J 1927 , 
371) to conclude that ^^oerucic acid is an inseparable mixture of 
^•heneico$eneA.-carboxylic acid (I) and L^-heneicosene-l-cwrb- 
oxylic acid (II).* 

CH3-[CH2]8-CH:CH-[CH2VC02H OHs-LCHgle-CHm-ECHalia-OOgH 

(I.) (II.) 

S 3 mtheses of these two acids are desirable to establish this, but 
unfortunately the methods available for syntheses of this type are 
somewhat limited (compare Robinson and Robinson, J., 1925, 125, 
175). The most direct method would appear to be the preparation 
of the corresponding acetylenic acids, since the reduction of these 
to the ethylenic acids is readily performed, and we decided to 
explore first the synthesis of behenolic acid (III). 

CgHi/OiCNa + GE^BviCE^^Q-CO^e—^ 

(IV.) (V.) CH3-[CHa]/C:C*[CH23ii*COaH{in.) 

The method adopted was the condensation of the sodium derivative 
of decinene (IV) with methyl ll-bro7nododecoate (V). Decinene was 
prepared by Picon’s method {Cornet rend.^ 1919, 169, 32) from 
octyl iodide and sodium acetylide : we have found that the reaction 
proceeds best at 180°. Por the synthesis of the bromo-ester, 
decane- 1 : 10-dicarboxylic acid was prepared in considerable 
quantity by Walker and Lumsden’s method (J., 1901, 79 , 1191) ; 
their methods for the preparation of 10-bromoundecoic acid and 
its conversion into the dibasic acid have both been improved. 

Methyl hydrogen decane-1 : IQ-dicarboxylate^ obtained by the 
partial hydrolysis of the dimethyl ester, was reduced to 11 -hydroxy- 
dodecdc acid, m. p. 78 — 79°, by the method of Griin and Wirth 
(JSer., 1922, 55, 2216). This acid does not appear to be identical 
with any* of the hydtoxydodecoic acids previously described. It 
was thought that it might be identical with the acid isolated by 
Power and Rogerson from Ipomcea purpurea (Amer. J. Pharm,, 
1908, 80, 251), but direct comparison with a specimen of this acid, 
for which we are muclS? indebted to Dr. T. A. Henry, showed this 
not to be the case. The hydroxy-acid, when treated with hydrogen 
bromide in methyl-alcoholic solution, was converted into the 

* In the paper referred to (p. 373), the acids (I) and (II) are wrongly named 
as derivatives of docosene.' 



A SYNTHESIS OF BEHENOLTO ACID. 


2679 


required bromo-ester. Although this crystallised well, we have not 
succeeded in obtaining it quite pure. Condensation of sodiodecinene 
and methyl 11 -bromododecoate in xylene at 160° resulted in the 
formation of a liquid ester which, on hydrolysis, gave an acid 
crystallising from methyl alcohol in needles, m. p. 57°, identical in 
all respects with a specimen of behenolic acid prepared from erucic 
acid. 

Experimental. 

10- BrcmmndeGoic Acid, — ^To a mechanically stirred and well- 
cooled solution of hydrogen bromide in toluene (HBr, 10 — 15%) 
the requisite amount of undecylenic acid was gradually added. 
After 2 — 3 hours, the bromo-acid, which had crystallised (m. p. 51°), 
was collected; a further quantity could be obtained by cooling the 
filtrate in a freezing mixture. The bromo-methyl ester, b. p. 
165°/10 mm., prepared by the action of methyl alcohol and sulphuric 
acid (Pound : Br, 28-2. Calc. : Br, 28-7%), was converted into 
the cyano-ester (b. p. 180°/10 mm.) by digestion for 2 hours with 
an alcoholic solution of potassium cyanide. On hydrolysis, the 
cyano-ester gave an excellent 3 deld of deeane -1 : 10 -dicarboxylic 
acid : this is a more convenient method than that described by 
Walker and Lumsden {loo, cit) for the preparation of this acid. 

Methyl Hydrogen Decane-1 : 10-dicarboxylate, — ^Methyl decane- 
1 : 10 -dicarboxylate, b. p. 170°/10 mm. (Pound : C, 65-5 ; H, 10 * 0 . 
Calc.: C, 65*1; H, 10*1%) (compare Chuit, Helv, Ghim, Acta, 
1926, 9, 264), was converted into the hydrogen ester by the method 
of Griin and Wirth (toe. cit., p. 2215) or by partial hydrolysis with 
cold alkali. The yield was in both reactions poor. The dibasic 
acid and the hydrogen ester were separated by treatment with light 
petroleum, in which the former was very sparingly soluble. Methyl 
hydrogen decane-1 : 10-dicarboxylate crystallised from methyl alcohol 
in prisms, m. p. 51° (Found : C, 63*6; H, 10*0. CJ 3 H 24 O 4 requires 
C, 63*9; H, 9*8%). 

11- Hydroxydodecoic Acid. — ^To a mechanically stirred suspension 
of finely divided potassium methyl decane- 1 : 10 -dicarboxylate 
(dried over phosphoric oxide) in boiling absolute alcohol ( 10—12 
parts), sodium (4 times the theoretical quantity) was added as 
rapidly as possible. After 1 hour, dilute alcohol and water were 
added and the mixture was heated to hydrolyse the ester. The 
excess of alcohol was removed with steam, and hydrochloric acid 
added until the solution was faintly alkaline. After extraction 
with ether to remove neutral reduction products, magnesium sulphate 
was added ; the magnesium salt of the hydroxy-acid was then pre< 
cipitated. This was collected and decomposed with hydroohis^M 
acid and the hydroxy-acid obtained was converted once 
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the magnesium salt. The acid now regenerated from the mag- 
nesium salt still contained an appreciable quantity of the dibasic 
acid which could not be readily separated by crystallisation. The 
crude acid was therefore boiled with acetyl chloride, the excess ol 
acetyl chloride removed on the water-bath, and the mixture oi 
11 -acetoxydodecoic acid and decane- 1 : 10 -dicarboxylic acid separ- 
ated by treatment with light petroleum, in which the former was 
readily soluble. The acetylated acid was a wax which did not 
lend itself to purification. It was hydrolysed with alkali and the 
hydroxy-cLcid^ was repeatedly crystallised from light petroleum 
(b. p. 60 — 80°) and finally from dilute methyl alcohol ; it was then 
obtained in needles, m. p. 78 — ^79° (Found: C, 664; H, 10-9. 
^ 123 ^ 24^3 requires C, 66-7; H, 11 - 1 %). 

The magnesium salt, which was very sparingly soluble in water, 
was an amorphous, white solid (Found : Mg, 6*0. 034114 ^ 0 gMg 
requires Mg, 6*3%). The methyl ester had b. p. 160°/7 mm. and 
the anilide crystallised from light petroleum in small prisms, 
m. p. 87°. 

Methyl IVBromododecoate. — ^The hydroxy-acid, dissolved in four 
parts of methyl alcohol, was saturated with hydrogen bromide and 
after digestion on the water-bath for 3 hours the methyl alcohol 
was removed in a current of hydrogen bromide. The residue, which 
crystallised, was dissolved in ether, and the ethereal solution was 
washed with sodium carbonate solution to remove any acid present, 
dried, and evaporated. The bromo-ester crystallised from methyl 
alcohol in fatty needles, m. p. about 60°, which was not altered by 
recrystallisation. Analysis showed the ester t.o be still somewhat 
impure (Found : Br, 23*3. Ci 3 H 2502 Br requires Br, 27*3%). 

Decinene, — Into a suspension of sodamide (from 5 g. of sodium) 
in liquid ammonia (Hess and Munderloh, JJer., 1918, 51, 377), 
acetylene was passed until complete conversion into sodium acetylide 
had taken place, the temperature being maintained at —60° to 
—45° by means of liquid air. Octyl iodide (50 g.) having been 
added, the mixture was allowed gradually to attain room temper- 
ature, the ammonia evaporating. After 12 hours, the temperature 
was maintained at 180° for 8 — -10 hours. Water was added to the 
cooled mixture, and the decinene separated by distillation in steam. 
The hydrocarbon was washed with dilute sulphuric acid to remove 
basic impurities and distilled ; the greater portion passed over at 
175 — 180°y685 mm. (ig: 0*799, ng* 1*44) and was sufficiently pure 
for conversion -into the sodium derivative. 

Gondm&dion of Sodiodecinene and Methyl 11-Bromododecoate , — ^To 
finely divided sodium (0*26 g.), in an atmosphere of hydrogen, 
decinene (3 g.) was gradually added, the formation of the 'sodium 
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compoimd being hastened by gentle heating. After the addition 
of the bromo-ester (3*4 g.) in xylene the mixture was heated at 
160° for 8 hours. Water was added to the cooled solution, and the 
xylene and the excess of decinene were removed in steam; the 
residual oil was dissolved in ether, the ethereal solution washed with 
sodium carbonate solution, and the solvent evaporated. The thick, 
oily residue was hydrolysed with methyl-alcoholic potassium 
hydroxide ; the acid, isolated in the usual manner, partly crystallised 
on keeping. After draining on porous porcelain, it was recrystallised 
from methyl alcohol, behenolic acid- being obtained in glistening 
needles, m. p. 57°. It was carefully compared with a specimen of 
behenolic acid prepared from eruoic acid, and a mixture of the two 
acids had m. p. 66*8 — 57° (Found: 0, 78*3; H, 11*6. Calc.: 
C, 78*5; H, 11*9%). The barium salt also was analysed (Found : 
Ba, 17*2. Calc. : Ba, 17*0%). 

One of us (J. L. S.) wishes to thank Professor C. S. Gibson, O.B.E., 
for the provision of facilities in his laboratory for carrying out some 
of the experiments detailed above. 

Indian Institute of Science, Guy’s Hospital Medical School, 
Bangalore. (University op London), S.B. 1, 

[deceived, August 21th, 1928 .] 


CCCLiy. — Polysaccharides, Part II. The Acetylation 
and Methylation of Starch. 

By Walter Norman Haworth, Edmund Langley Hirst, and 
John Ivor Webb. 

Experiments have been instituted to render more accessible and 
to characterise the acetyl and methyl derivatives of starch. In the 
present work purified potato starch has been employed. Hitherto 
the yields of both triacetyl and trimethyl starch do not appear to 
have been satisfactory. 

Since Schiitzenberger’s original experiments (Gompt. rend,, 1865, 
61, 485; 1869, 68, 814) many investigators have attempted to 
prepare triacetyl starch. If unmodified starch be employed, the 
transformation is generally held to be difficult and uncertain, and 
the small yields lead to serious doubt whether the product is an 
acetyl derivative of the unchanged starch or is derived from a 
portion only of polysaccharide which has been segregated during 
the process of acetylation. 

More success has attended the acetylation of a starch which 
been subjected to various preliminary treatments. Soluble sttete^ 
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for example, has been converted into the triacetyl derivative (Pregl, 
Mmaish., 1901, 22, 1049 ) ; and the acetylation of the separated 
amylose constituent of potato starch may readily be efEected in the 
presence of pyridine (Bergmann and Knehe, AnnaUnt 1927, 452, 
141), Such processes, however, not only involve considerable loss 
during the initial treatment of the polysaccharide, but in many 
cases suffer also from the disadvantage that the relationship between 
the original starch and the final product is by no means clear. 

We have endeavoured, therefore, to obtain an aeetylated deriv- 
ative of starch in the maximum possible yield and under the simplest 
experimental conditions. In this way, we consider, information 
respecting the acetylation of the whole of the starch may be gained, 
and the properties of the starch acetate may then be compared with 
those of the known aeetylated products isolated by less direct 
methods and in inferior yield. 

Preliminary experiments conducted by the methods of E. Peiser 
(Z. physiol. Chem., 1926, 161, 210) failed to give, even in small 
yield, the aeetylated starch of high specific rotation claimed to 
have been obtained by that author (compare also Pringsheim and 
Meyersohn, 1928, 173, 211). We are in agreement, however, 
with Peiser that the preliminary precipitation of starch from starch 
paste by alcohol yields a product which is much more susceptible to 
acetylation than the original starch, from which it appears to differ 
only in being more finely divided as the result of the bursting of 
the granules ; e.g., it retains unimpaired the properties of acquiring 
a deep blue colour on treatment with iodine and of readily giving 
a paste. Whereas Bergmann and Khehe (loc. cit.) conducted the 
acetylation of separated amylose in the presence of pyridine, we 
have employed traces of sulphur dioxide and chlorine as catalysts, 
and we have obtained from precipitated starch a triacetyl derivative 
in a yield of 96% of the theoretical, based on the weight of the 
original unmodified starch. Our product is compared below with 
Bergmann and Enehe^s triacetyl amylose : 



Triacetyl starch. 

Triacetyl amylose. 

Calc. 

[a]D (in chloroform) , 

+170^ at 20® 

+176° at 16° 

— 

C. % 

49-8 

60-0 

50-0 

TS.,%- 

6-8 

5-7 

5-6 

C!H, 00. o/„ 

44-4 

44-6 

44*8 


The triacetyl starch differed little, if at all, in its properties from 
the product of Bergmann and Elnehe. It gave on deacetylation a 
regmerated starch having all the properties of the regenerated 
amylose of those authors, being soluble in water and giving the 
characteristic blue colour with iodine. Both in the precipitated 
starch and in the triacetyl derivative the presence of traces of 
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phosphoric acid residues was detected. The deacetylation process 
almost necessarily involves the scission of the phosphoric ester 
linkages, and according to the views of Samec and Mayer {Kolhid- 
chem. Beih.y 1921, 13, 284) on the relationship between amylose 
and amylopectin the loss of the phosphoric residues must result 
in the formation of a starch which is incapable of producing a 
paste with water. This we found to be the case with our re- 
generated polysaccharide, and the present results have therefore 
a bearing on the relationship of amylose to amylopectin. It 
appears that potato starch reacts chemically to the extent of 96% 
at least as if it were amylose, and our experiments tend to confirm 
the views of Samec and Mayer. This question will be dealt with 
in greater detail in a further communication. 

Experiments on the methylation of starch have been described 
by several authors, including Karrer {Heh, Ghim, Acta, 1920, 3, 620) 
and Irvine and Macdonald (J., 1926, 1502). The method adopted 
by these authors was to act on the original starch with methyl 
sulphate and alkali and in each case the yield of methylated starch 
was small, Irvine and Macdonald, e.gr., obtaining from 24 methyl- 
ation treatments a yield of 25% of trimethyl starch. We have 
obtained, after only six methylations, 89% of the theoretical yield 
of trimethyl starch by taking advantage of the solubility of triacetyl 
starch in acetone. The addition of methyl sulphate and dilute 
alkali to such a solution introduced in one operation 36 % of methoxyl, 
and a progressive increase of the methoxyl content was obtained 
on each subsequent methylation. 

The product appears to be identical with the material described 
by Irvine and Macdonald, who operated with both rice and potato 
starch. Hydrolysis of the trimethyl starch with 2% hydrogen 
chloride in methyl alcohol yielded 80% of pure trimethyl methyl- 
glucoside and 8% of a mixture of the latter with dimethyl methyl- 
glucoside, leaving a residue of 6% which was not hydrolysed. 
Hydrolysis of the trimethyl methylglucoside gave crystalline 
2:3: 6-trimethyl glucose (yield, 85%) and there can therefore be 
no doubt that nearly the whole of the potato starch gives rise on 
methylation and hy^olysis to 2 : 3 : 6-trimethyl glucose. 

This conclusion has considerable significance in showing that the 
mode of linking of the glucose units in potato starch leaves three 
exposed hydroxyl groups at analogous positions to those which 
have been determined in the case of cellulose. The specific rotations 
of trimethyl starch (+ 208°) and trimethyl cellulose (— 18°) are^ 
however, widely different. \ 

By dispensing with the use of acetone as solvent for the 
starch during the methylation, we have prepared a dimethjdfj^^P' 
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(yield, 80% of the theoretical) having [a]i, -f 143° in chloroform 
and OMe, 31-8%. This again appeared to be similar to the dimethyl 
starch described by Irvine and Macdonald. We were unable, 
however, with our product to confirm the observation of these 
authors that this is a homogeneous substance yielding on hydrolysis 
only dimethyl glucose. Our product gave on hydrolysis a mixture 
of trimethyl, dimethyl, and monomethyl glucose. The trimethyl 
glucose was present to the extent of about 20%. The results 
indicate that all the hydroxyl groups are exposed to simultaneous 
attack by the methylating agents. In this respect there would 
appear to be no well-marked difference between the phenomena 
observed in the methylation of starch and of cellulose. The 
problem is rather one of obtaining the polysaccharide initially 
in a suitable condition for combination with the methylating agent. 
In the present case we have found that after three methylation 
treatments the starch has acquired a methoxyl content of 40% or 
more; and similarly with cellulose, Freudenberg and Braun 
(Annahn, 1928, 460 , 288) have observed that the introduction of 
42% methoxyl content can be accomplished by two treatments 
with methyl sulphate if the cellulose fibres used are diminished to 
2—4 mm. m length. In the earliest experiments of Denham and 
Woodhouse (J,, 1914, 105 , 2363) a methylated cellulose of about 
26% methoxyl content gave an appreciable proportion of trimethyl 
glucose on hydrolysis. The increase in the methoxyl content of 
starch from 38 to 44% proceeds just as easily and regularly as 
from 34 to 38% (contrast Irvine and Macdonald). We are doubful, 
therefore, whether the claim can be substantiated that seven out of 
nine hydroxyl positions in starch undergo preferential methylation. 
If maltose is preformed in starch, then the polysaccharide is 
composed of glucopyranose units joined in positions 1 : 4, The 
alternative h3^othesis is that maltose is a reversion product and 
that starch is composed of glucof uranose units linked in positions 
1 : 5, These opposing views will be the subject of subsequent work. 

Experimental. 

Acetylatioii of Starch.-^TUhe starch used in these experiments was 
the pinest commercial potato starch (Prime starch), the properties 
of which corresponded in all respects with those ascribed in the 
literature to pure potato starch- It contained 18% of water, 

It was prepared for acetylation in the following manner. The 
starch (20 g.) was stirred in water (600 c.c.) on the water-bath until 
it formed a paste. After 30 minutes the heating was discontinued 
and the starch was precipitated by the addition of alcohol to the 
warm paste. The supernatant liquor was decanted from the white 
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curdy mass which soon settled, and the starch was ground in a 
mortar in the presence of alcohol. It was then washed with alcohol 
and ether and dried in a vacuum desiccator (yield, quanti- 
tative). This process resulted in the bursting of the granules of the 
original starch but in general respects appeared to be without effect 
on its properties. The ash content (0*3%, by incineration), the 
paste-forming capacity, the blue iodine colour reaction, and the 
absence of reducing power were all reproduced in the prepared 
starch. 

Attempts to acetylate potato starch by the usual methods 
revealed many unsatisfactory features, but the following process, 
which is a modification of Barnett’s method ( J. Soc. Chem, Jnd., 1921 , 
40, 8t) for the acetylation of cellulose, was found to be eminently 
suitable for the routine preparation of the triacetate. Finely 
powdered starch (prepared in the above manner) was treated with 
six times its weight of glacial acetic acid through which chlorine 
had been bubbled for a few seconds. The mixture was stirred for 
30 minutes at 20®. Acetic anhydride (20 parts by weight), con- 
taining an amount of sulphur dioxide equivalent to that of the 
chlorine in the acetic acid, was then added and the mixture was 
stirred at room temperature for 60 minutes. The temperature was 
then raised to 65® and stirring was continued until a clear solution 
was obtained (about 4 hours). The clear solution was poui’ed into 
a large excess of water, and the resulting white powder was washed 
for some 2 days with changes of water and, when free from acid, 
successively with dilute alcohol, alcohol, and ether; it was then 
dried for twenty-four hours in a vacuum (yield, 96-6% of the 
theoretical). This material contained neither chlorine nor sulphur. 
It was a white impalpable powder, without action on boiling 
Fehling^s solution, insoluble in ether, alcohol or water, but readily 
soluble in chloroform and in acetone. The acetate could be repre- 
cipitated unchanged from its solutions in the last two solvents 
by the addition respectively of alcohol and water. When the 
acetate was treated with aqueous or alcoholic sodium hydroxide 
solution, the regenerated starch possessed all the properties of 
Bergmann’s regenerated amylose. H 3 rdrolysis of the acetate by 
the method of Bergmann and Eiiehe (foe. cit*) gave a white powder, 
soluble in cold water, [ajg* + 186^ (c = 1-0). This gave a blue 
colour with iodine, but did not form a paste with hot water. For 
the starch acetate the following data were observed : [aJSai "f" 
197® in chloroform (c = 1-0) ; [dc]^- + 170® in chloroform (c 1-0).. 
The air-dry acetate contained 2-2% of moisture. Acetyl estiil^' 
ations were carried out by treating a weighed quantity 
excess of A 72 -alcoholio sodium hydroxide for 3 hours at 
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frequent shaking (Found : C, 49-8 ; H, 5-8 ; CHg^CO, 44*4 ; P, as 
PgOg, 0-05. CiaHieOg requires C, 60-0; H, 6*66; CHg-CO, 44-8%). 

Acetylation of the prepared starch may be effected at tem- 
peratures higher or lower than the 55° mentioned, without affecting 
in any way the chemical properties or the specific rotation of the 
starch acetate. Too low a temperature, however, involves pro- 
longed treatment. The principal difference between the various 
samples of acetate obtained at different temperatures appeared to 
lie in the greater viscosity of the acetate solutions obtained at 
lower temperatures. 

It is to be noted that careful preparation and drying of the 
** prepared ” starch are essential. Certain specimens of prepared 
starch which had been heated at 80° to complete the dr 3 dng process 
were found to acetylate slowly and imperfectly, the retardation being 
due apparently to alteration of surface conditions produced by heat. 

For comparison, acetylations were also carried out on the original 
starch (before preparation), (a) chlorine and sulphur dioxide, as 
above, and (6) sulphuric acid being used as catalysts. In (a) it was 
found impossible to effect complete solution of the starch even 
after 12 hours at 65° with high concentrations of catalyst. After 
removal of the undissolved starch by filtration through glass wool 
the acetylated starch was isolated in the maimer already described. 
The product was essentially similar to that from prepared starch 
but had a lower specific rotation, [aj^ + 154° in chloroform (c = I'O). 
The yield (15% of the theoretical) was very inferior to that of the 
first method. 

In case (6) 10 g. of starch and 60 c.c. of acetic anhydride con- 
taining 12 drops of sulphuric acid were heated at 55° for 8 hours. 
The brown hquid was filtered through glass wool, and the product 
isolated as before. The resulting acetate showed [aju + 169° Jn, 
chloroform {c = 1*0) and appeared to be identical with the material 
obtained from the prepared starch. The yield, however, was small 
(10 — 16%), much of the starch either decomposing or not under- 
going acetylation. 

Methylation of Potato Starch . — Preliminary experiments, following 
the methods of Irvine and Macdonald (loc. cit), confirmed the grave 
manipulative diflBlculties encountered in the direct methylation of 
starch. When, however, a method of simultaneous deacetylation 
and methylation was used, these dijSSculties almost entirely dis- 
appeared. -This was peculiarly the case when the operations were 
conducted in acetone solution. If the following procedure is 
adopted, methylation of starch becomes sufficiently rapid and con- 
venient to render methylated starch the most suitable intermediate 
substance for the preparation of 2 : 3 : 6-trimethyl glucose. 
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(a) Methylaiim in presence of waier only. Powdered starch 
triacetate (20 g.) was treated with 30% sodium hydroxide solution 
(224 c.c.) and methyl sulphate (80 c.c.), added gradually and simul- 
taneously with vigorous mechanical stirring. The temperature was 
maintained at 50® for IJ hours and thereafter at 70° for a further 
IJ hours until the whole of the reagents had been added, care being 
taken to avoid acidity at any stage. After being heated for 30 
minutes at 100°, the solution was cooled, rendered almost neutral 
by addition of 30% sulphuric acid, and filtered. The solid residue 
was extracted with boiling chloroform. The slightly aJkalme 
aqueous portion was treated with excess of carbon dioxide and 
evaporated to dryness in the presence of barium carbonate, and 
the solid residue extracted with chloroform. The united chloroform 
extracts yielded (when evaporated) a white flaky solid, which was 
slightly soluble in water or chloroform and had a methoxyl content 
only slightly lower than that required by a dimethyl starch. Yield, 
80% of the theoretical for dimethyl starch. [a]i> -|- 143° in chloro- 
form (c = 1-0) (Pound : OMe, 31"8. Dimethyl starch requires 
OMe, 32-7%). 

Hydrolysis of dimethyl starch. The methylated starch (4-0 g.) 
was dissolved in methyl alcohol (60 c.c.) containing 2% of hydrogen 
chloride and the solution was boiled for 24 hours. The acid was 
neutralised by addition of lead carbonate, and the product isolated 
in the usual way. It was a viscous syrup (4'66 g.) which, on dis- 
tillation, gave (I) 0‘9 g., b. p. 110 — 117°/0-06 mm., 14611 
(Pound: OMe, 47-7%); (H) 1-45 g., b. p. 117— 130°/0-04 mm., 
«ir 1-4670 (Pound: OMe, 41-5%); (IH) 1-48 g., b. p. 130—180°/ 
0-03 mm., rO^ 1-4800 (Poimd : OMe, 37-2%) ; (17) still residue, 
0-6 g. Dimethyl methylglucoside and trimethyl methylglucoside 
require respectively OMe 41-9% and 52-6%. The distillates were 
glucosidic in character ; (I) appeared to consist mainly of trimethyl 
methylglucoside, and (II) and (III) mainly of dimethyl methyl- 
glueoside admixed with some monomothyl methylglucoside. This 
diagnosis was confirmed in the ease of (I) by hydrolysing it with 
boiling 6% aqueous hydrochloric acid for 4 hours. The acid was 


neutralised with barium carbonate, the neutral solution evaporated 
to dryness at 50°/15 mm., and the product of hydrolysis extracted 
from the solid residue by boiling ether. Removal of the ether left a 


syrup which crystallised almost completely (yield, 80%). Re- 
crystallisation from ether removed some adhering gum and gave in 
good yield 2:3: 6-trimethyl glucose, m. p. 117 — 118° ; mived m. 
with a specimen of 2 : 4 : 6-trimethyl glucose of m. p. 124°, 90— 

No tetramethyl glucose was present. ^ 

Further methylations by the same method gave 
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gressive increase in the methoxyl content. This applied also to 
the simultaneous deacetylation and methylation of the acetylated 
methylated starch obtained by heating dimethyl starch with acetic 
anhydride and fused sodium acetate at 100® for 1 J hours (compare 
Irvine and Macdonald, he. cit). Methylation by means of Purdie’s 
reagents was ineffective and was known to lead to changes in the 
nature of the methylated starch. 

(b) Methylation with acetone ae solvent. The process (a) yielded 
a dimethyl starch readily and in good yield, but constituted no 
improvement on known methods for proceeding from dimethyl 
starch to the fully substituted derivative. The following method 
gives in one operation a methylated starch with a methoxyl content 
of 36%, greatly reduces the manipulative difficulties, and facilitates 
the preparation of trimethyl starch in almost quantitative yield. It 
consists essentially in the simultaneous deacetylation and methyl- 
ation of starch triacetate dissolved in acetone in a large flask pro- 
vided with a reflux condenser, through which the spindle of the 
stirrer is passed. Efficient stirring is necessary. The methoxyl 
content of the product may be varied by employing a smaller 
quantity of acetone and in this way methylated starches containing 
from 28% to 36% OMe have been obtained. 

Preparation of methylated starch (OMe, 36%). Powdered starch 
triacetate (25 g.) was dissolved in acetone (260 c.c.) and treated 
with 30% sodium hydroxide solution (280 c.c.) and methyl sulphate 
(100 c.c.). The methylating reagents were added (with the usual 
precautions) in ten equal portions at intervals of 10 minutes, the 
temperature being maintained at 56®. After being heated for 
30 minutes at 100®, during which the acetone was allowed to evapor- 
ate, the mixture was almost neutralised with sulphuric acid, treated 
with excess of carbon dioxide, and filtered. The aqueous portion 
was extracted four times with chloroform ; * the solid "was extracted 
with boiling chloroform. The combined extracts gave on evapor- 
ation a light yellow, glassy solid (16-8 g. ; 96% of the theoretical). 
Further purification was effected by dissolving it in a little chloro- 
form and boiling with excess of ether. This yielded a white impal- 
pable powder which was dried at 100®/15 mm. The loss during 
this treatment was inappreciable. The dry substance showed 
[«]b + 170® in chloroform. Ash (mainly sodium sulphate), 1*6% 

♦ When methylated starches of methoxyl content 34% or more are being 
dealt with, the chlorofonn separates readily from the aqueous layer. Below 
34% an intractoble emulsion usually forms and more tedious methods have 
to be adopted (see above). With increasing methoxyl content manipulative 
difficulties of this kind progressively diminish. 
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(Found : C, 50-8 ; H, 7-7 ; OMe, 36-0, Calc, for methylated starch : 
C, 51*2; H, 7-6; OMe, 36-0%). 

Two more methylations nnder similar conditions raised the 
methoxyl content by 4%. After three further methylations (being 
six in all) a product corresponding very closely to trimethyl starch 
was obtained. The final product was purified by dissolving it in a 
little ohloroform and boiling the solution with excess of light 
petroleum. The crisp white powder obtained was treated again 
with li^t petroleum, separated by filtration, and dried in a vacuiun 
(Found: OMe, 44*0; ash,0-04%). The loss in yield on each methyl- 
ation was Od g., and the final yield of methylated starch from starch 
triacetate was thus 92% of the theoretical. This represents a yield 
of 89'4% of the theoretical from the original starch. 

No advantage could be gained by introducii^ an acetylation 
process after the first methyktion, the solubility of the methykted 
starch in acetone being apparently the decisive factor in facilitating 
the etherification. For instance, in one experiment the product 
from the first treatment of starch triacetate in acetone solution 
(yield, 16-4 g. from 26*0 g. Found: 0,504; H, 7-8; OMe, 344; 
ash, 0-9%) was acetykted by heating it with 8 parts of acetic 
anhydride and 1 part of fused sodium acetate for IJ hours at 100“. 
The mixture was then poured into an excess of cold water, the acid 
neutndised with sodium bicarbonate, and the product extracted 
from the solution by chloroform (yield, 10 g. from 10 g. Found : 
C!l^‘CO, 12; OMe, 30-6%). Simultaneous* deacetyktion and 
methyktion in acetone, followed by a further acetyktion and 
combined deacetyktion and methyktion, raised the methoxyl 
content to 364%. Four successive methyktions in acetone solution 
then gave trimethyl starch (Found : OMe, 46%). 

Trwaethyl Starch and its Hydrolysis. — ^The methykted starch 
finally obtained was a white powder, m. p. 146“ with previous soften- 
ing, [«3 d + 208“ in chloroform (c = 1*0), which appeared to be 
identical with the material described by Irvine and Macdonald 
(Zoc. eit.) (Found : C, 624 ; H, 7*9 ; OMe, 44-0 ; * ash, 0-04. Calc. 
forCsHijOg: C, 52-9; H, 7-8; OMe, 46-5%). When boiled foT 
24 hours with methyl alcohol containing 2% of hydrogen chloride, 
it gave (o) pure trimethyl methylgluooside, b. p. 96 — 97“/0’02 mm., 
1-4560 (yield, 80%) (Found : OMe, 61-8. Calc. : OMe, 62-6%) ; 
(6) a mixture of trimethyl methyi^luooside and dimethyl methyl- 
glucoside having 1-4630, OMe 44% (yield, 8%); (c) a small 

* As in i^e case of cellulose, the final 1% of methoxyl can be introdUoilt 
only with great difficulty. In the present experiments methylation haa),|^, 
been carried beyond the stage 44 — 45%. . 



2690 DREW ASD HAWORTH ; FOLYSACCHAErDES. PART HI. 


quantity of solid which appeared to be unhydrolysed material 
(yield, 6%). Inaction (6) corresponded to the small amount of 
dimethyl starch in the original material, the presence of which was 
indicated by the slight deficiency m the OMe value. Hydrolysis of 
(a) with boiling 5% aqueous hydrochloric acid gave only 2:3: 6-tri- 
methyl glucose (yield, 85%), which, after one recrystallisation, had 
m. p. 117® alone or when mixed with an authentic specimen of the 
same m. p. Tetramethyl glucose was definitely absent. 

The authors express thanks to the Oiemical Society for a grant 
to one of them (J. I. W.) from the Eesearch Fund, which has 
partly defrayed the cost of this investigation. 

XJNivBBsraY or Brnmcroam, 

Edobasxoit. [Beceived, Avgust 1928.] 


CCCLV, — Polysa(xhandes. Part III. The Molecular 
Complexity of Inulin. 

By Hasry Dtjgald Keith Deew and Walter Norman Haworth. 

It is now generally accepted that inulin is composed entirely of 
anhydro-y-fructose or -fructofuranose units associated with water 
molecules, the relative proportion of water depending upon the 
method of drying. For instance, Tanret {Bull, Soc, chim,, 1893, 9, 
200, 227, 622) regards inulin as (G 6 H 2 o 05 )g,H 20 at 130® and as 
(CgHiQOslgjTHgO in moist air at the or^ary temperature. Other 
attempts to determine the number of aaibycbofructose units in the 
inulin molecule have given very conflicting results. Karrer and 
Lang {Helv, Chim. Acta, 1921, 4, 249), from a determination of the 
molecular weight of trimethyl inulin in freezing phenol, find nine 
anhydrofructose units, in agreement with the molecular weight of 
triacetyl inulin in naphthalene, glacial acetic acid, and phenol, as 
determined by Pringsheim, Aronowsky, and Lassmann {Ber., 1921, 
54, 1281; 1922, 55, 1409). Bergmann and Knehe {AnnaUn, 1926, 
449, 302 ; Ber,, 1926, 59, 2079) find only two anhydrofructose units 
in acetyl inulin prepared in the presence of pyrichne. Again, Hess 
and Stahn {Annalm, 1927, 455, 104) find that triaeetyl inulin as 
prepared by Bergmann and Knehe has in air-free acetic acid a 
(cryosoopically determined) molecular weight which varies with 
time from that corresponding with the presence of one anhydro- 
fructose unit up to infinity. Later work of Pringsheim and Fellner 
{Amahn, 1928, 462, 231) indicates that the molecular weight of 
mulin,” regenerated from inulin acetate heated at various tem- 
peratures in presence of tetrahydronaphthalene, is variable according 
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to the temperature of the heating, two, three, or four anhydro- 
fructose units being present in the molecule. Direct determinations 
of the molecular weight of inulin in water are stated by these 
authors to agree in indicating that seven anhydrofructose units are 
present in the molecule. 

It is clear that derivatives of inulin (such as the acetyl and methyl 
compounds) can throw no light on the complexity of inulin itself 
until it is demonstrated that these derivatives are simply related to 
the carbohydrate; and, although it has been alleged that inulin 
may be regenerated from the triacetyl compound, no definite proof 
of this statement has yet been given. Indeed, it has by no means 
been shown that inulin consists of uniform molecules. 

Assuming that inulin consists of anhydrofructose* units, these 
may be united either by residual affinities, in which case the struc- 
tural units are retained as such in the complex, or by ordinary 
valencies, when the fructofuranose units are linked in chain 
formation. If the latter be true, as seems probable at present 
(compare Haworth and Learner, this voL, p. 619), the chain 
of y-fructose (fructofuranose) units in the inulin molecule may be 
either open or closed to a ring. If it be an open chain, aqueous 
solutions of inulin should show slight reducing properties, due 
to the terminal reducing groups of the chains; if the ends of 
the chains be joined to give a ring, reduction may not be made 
manifest. 

It has generally been held that pure inulin has no reducing 
action on hot Fehling’s solution, but we have not yet succeeded in 
obtaining a sample of inulin which did not show slight and pro- 
gressive reducing action on the boiling reagent. Such action may 
be due initially to the presence of open-chain molecules augmented 
subsequently by hydrolysis, or it may be due to the hydrolysis 
alone. 

The inulin of commerce, derived from dahlia tubers, contains a 
considerable amount of ash consisting of mineral bases and salts, 
part of which is soluble in water after ignition, yielding an alkaline 
solution. The main bulk of this mineral matter may be separated 
from the inulin by the following simple process: The inulin is 
dissolved rapidly in hot water, and the solution boiled for a few 
minutes with a little active charcoal which has been carefully freed 
from soluble salts ; it is then filtered, and the process is repeated 
unless the filtrate is colourless and water-clear. The bulk of the 
inulin is then frozen out, redissolved, boiled momentarily with a 
little more charcoal, again frozen out, then redissolved and prefei.^^, 
cipitated by a large excess of alcohol, washed with alcohdi,* Ifip® 
dried. The white powder obtained has no reducing 



2692 DEEW AND HAWORTH : POLYSAOOHAEIDES. PART in. 

Fehling’s solution during 24 hours in the cold, but shows slight 
reduction on boiling or even on keeping Rt 50°. It contains about 
1 part in 1000 parts of ash, as determined by heating in a platinum 
boat with or without sulphuric acid 14*139 mg. gave 0*014 mg, 
of ash). The ash , appears to consist mainly of silica. The water- 
content was determined by heating during 2f hours at 75° to 110° in a 
stream of dry air at low pressure ; the loss of water was 10% of the 
original weight of the sample (e.p., 5-571 mg. lost 0*553 mg. of water). 
The resulting powder, which was extremely hygroscopic, gave on 
analysis : C, 44*3; H, 6*5 [(OeHioO^):^ requires 0, 44*4; H, 6*2%]. 

The determination of the molecular weight, or average molecular 
weight, of “ ash-free ” inulin in boiling water was now attempted. 
The initial assumption was necessarily made that inulin is unaltered 
in molecular structure by solution in boiling water. That an alter- 
ation, at least in physical structure, does occur, however, is evident 
from the abrupt change in the solubility of inulin in water between 
80° and 100° : 100 c.c. of solution at 14° contain 0*02 g. of 
inulin ; at 80°, 4*0 g. ; and at 100°, no less than 36*5 g. This 
view receives some support, also, from our own observation that 
the position of the decomposition range on the temperature scale 
varies markedly with the amount of water retained by difEerent 
samples of inulin ; the decomposition range is situated above 
200° for specimens of “ glassy inulin rich in water, but is much 
lower for drier powdery samples. Inulin, as would be expected, 
never shows a true melting point. The molecular state of inulin in 
boiling water would nevertheless be of interest, and it is unfortunate 
that another complication enters into the determination. The 
apparent molecular weight of inulin in boiling water shows con- 
tinuous diminution over a considerable period of time, and we have 
found that the reducing power of the solution rises as the molecular 
weight decreases, and that the action is not completely, if at all, 
reversed in the cold. These facts point distmctiy towards the 
occurrence of hydrolysis. 

The hydrolysis probably depends upon the presence of minute 
traces of acid electrol 3 dies, since pellets made from the same bulk 
sample of inulin on difEerent occasions did not always show the same 
initial molecular weights nor the same rate of hydrolysis, and 
pehets whidi had been handled with the fingers seem^ to hydrolyse 
relatively rapidly. Contamination by the surface of the pellet- 
press was difficult to avoid and may partly account for the dis- 
crepancies. The following are typical examples of the results, W 
indicatizig the w^ht of water, w that of the water-free inulin, and 
the tmaes being recl^hed from that of the addition of the inulin 
(the pellets were seen to dissolve completely in from 1 to 2 minutes) : 
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I. II. . HI. 

W, 14*7 g. ; Wy 0*8748 g. W, 14-95 g. ; w, 1-0701 g. Tf, 14-35 g. ; w, 1-2542 g. 


Mins. 

Else 
of b. p. 

M. 

Mins. 

Else 
of b. p. 

M, 

Mins. 

Else 
of b. p. 

M, 

3 

0*008° 

3870 

5 

0*012° 

3100 

4 

0*011° 

4130 

7 

0*011 

2810 

8 

0*013 

* 2860 

7 

0*014 

3260 

10 

0*017 

1820 

23 

0*020 

1860 

13 

0*017 

2670 

17 

0-024 

1290 

48 

0*026 

1490 

28 

0*022 

2070 







39 

0*025 

1820 


The times of observation were extended, in some cases, beyond 
those shown, and it was found that the molecular weight continued 
to fall, even below 900. It is evident that no exact significance 
attaches to the figures, nevertheless they appear to us to indicate 
that the initial molecular weight of inulin in boiling water is not 
less than 3200 or 3600 ; i.e., the inulin molecule contains not fewer 
than 20 or 24 anhydrofructose units. Initial experiments showed 
that a perfectly steady indication of the boiling point of the water 
could be obtained by placing clean fragments of garnets, mixed 
with pieces of platinum foil, in the boiling-bulb (provided with a 
thick piece of platinum wire sealed into the lower extremity), so 
that the height of the column of ga^mets, which terminated just 
below the bulb of the thermometer, bore a certain ratio to that of 
the column of water above it. Four minutes were allowed for the 
re-attamment of the true boiling point after the addition of the 
pellets, this time having been determined roughly by other measure- 
ments with the apparatus. 

It will be clear that the molecular weight of inulin may be much 
higher than that mdicated by these experiments, both because the 
initial changes of temperature are necessarily very small and because 
the initial effect of traces of electrolytes may be relatively very 
great. We.hope to investigate this aspect of the matter in further 
experiments. 

It seems clear that the results of Pringsheim and his co-workers 
(loc, ciL) can have little significance, unless he has succeeded in 
obtaining a specimen of inulin that is stable to boiling water. In 
any case, his procedure for the cryoscopic determination of the 
molecular weight (namely, .to make up a solution of inulin in boiling 
water and then to cool it and determine the freezing point) is 
inadmissible, and the agreement of his cryoscopic and ebullioscopio 
results is possibly fortuitous. 

It has frequently been stated that inulin shows, on hydrolysis 
by mineral acids, no intermediate stage between itself and fruotoi^., 
Certain observations which we have made during the past two ye^kim ^ 
indicate that this view is erroneous; and although our 
have not resulted in the isolation of demonstrably 
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intermediates, it seems desirable at this stage briefly to indicate 
their nature. 

When a stream of carbon dioxide is passed during about 2 days 
through an aqueous solution of inulin, the solution being occasionally 
warmed to redissolve any inulin which has separated, a considerable 
proportion of the inulin becomes changed to a white powder having 
a lower range of decomposition on heating than inulin and shows a 
tendency to effervesce at higher temperatures. The powder differs 
from inulin, also, in that it is readily soluble in cold water to a water- 
clear solution which does not foam when shaken. The product, the 
specific rotation of which in water is rather higher than that shown 
by inulin, has a greater reducing action towards hot Pehling’s 
solution. 

The same effect can be produced by treating an aqueous solution 
of inulin in an autoclave with carbon dioxide at a pressure of about 
230 Ib./sq., in. during about 24 hours. Unchanged inulin is filtered 
off, and the clear solution is precipitated by the addition of an 
excess of acetone, a product similar to the foregoing being obtained. 

The transformation may also be brought about in the dry way 
at the ordinary temperature. For instance, when inulin powder 
is kept in a desiccator in which is present a little vaporous ethyl 
chloroformate, the inulin is gradually changed into a product 
similar to that already described. The change may take many 
months ; its speed seems to depend upon the proportion of water 
present in the inulin, very dry inulin requiring a longer period. 
This behaviour indicates that the change is hydrolytic, and that it 
is produced by traces of hydrochloric acid generated by the decom- 
position of the chloroformate in the presence of water. 

A sample of inulin powder which has become “ infected in this 
manner suffers progressive degradation even when the chloroformate 
vapour is removed ; and, it the infection be acute or if the water 
content of the original mulm be high, the powder may finally change 
to a yellow syrup which contains much fructose. Inulin may be 
‘‘Mected” without the agency of chlorinated substances; e.g., 
inulin which has been recovered by precipitation with acetone from 
aqueous solutions treated with carbon dioxide undergoes the change 
when kept in a desiccator over phosphoric oxide or calcium chloride. 
In such cases the change is slow and the final product is a flaky 
powder apparently free from ordinary fructose. 

The change may in most oases be arrested by repeatedly dis- 
solving the sample in water and reprecipitating it by means of 
acetone. In some cases, however, even this treatment does not 
prevent the occurrence of slow subsequent change. 

I^aturally, the method of isolation by precipitation leads to 
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fractionation of the product, the more soluble products of lower 
molecular weight remaining in solution. Our attention has been 
mainly directed towards the water-soluble product (precipitable by 
acetone) which can usually be obtained in high yield. 

We have not succeeded in showing that this product is molecularly 
homogeneous, but we believe that it approximates to this condition 
and that it is an open-chain compound, of high molecular weight, 
containing one or two free reducing groups in the molecule. The 
following is a description of the product, which may be regarded as 
analogous to a starch dextrin. 

Inulin “ IcemlinJ^ The substance obtained in the foregoing 
manner was carefully separated from unchanged inulin and from 
substances of lower molecular weight by repeated solution in cold 
water, filtration, and reprecipitation with acetone. The fine white 
powder so obtained (7 g.) dissolved to a slightly opalescent solution 
in 75 c.c. of water at 19° ; the solution was passed through a stream- 
line filter, which was rinsed with a further 125 c.c. of water. The 
clear, colourless solution, neutral to litmus and quite free from 
halogen and methoxyl, w^as now treated slowly with 300 c.c. of 
acetone. After IJ hours, the white, granular precipitate (5 g.) was 
collected, washed with 100 c.c. of acetone, and kept over phosphoric 
oxide. The substance melted to a white, opaque paste at about 
142°, and the paste became a white froth near 185°. It was de- 
hydrated in a vacuum during 11 hours at 80°, then during 24 hours 
at 95°, and finally at 120° during 6 hours, the loss of water amounting 
to about 7‘5% (Found ; C, 43-8 ; H, 6*5%). The product contained 
1% of ash, which was allowed for in the analysis. A sample dried 
at 90° in a vacuum had — 45*8° in water (c = 4*778) and 

showed no mutarotation after a month. Other samples showed 
approximately the same rotation. 

Cryoscopic determinations of the molecular weight in water gave 
results varying between 900 and 1100 for the undried material, 
and between 1200 and 1600 for the material dried at 90° in a vacuum. 
EbuUioscopic determinations gave results varying between 1400 
and 1800. 

It is doubtful whether much significance can be attached to 
these figures ; but it seems possible that the effect of dehydration 
or of hot water tends to change the product back in the direction 
of inulin.by the relinking of chains opened in the former degradation 
process. 

Another sample of this product, prepared in a similar way, was 
ash-free, lost 7% of water when dried in a vacuum at 80° dtaiEsfe,; 
8 hours, melted to a white paste at about 146° and frothed* 
higher temperature (Found: C, 43*6; H, 6*6%). Malay 
4ij 
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analyses were carried out on similar products dried under various 
conditions, the average of these results shoTring C, 43‘3; H, 6-5 
(octasaccharide requires 0, 43-8; H, 6-2%; M, 1314. Hexa- 
saccharide requires 0, 43*6; H, 6-3%; if, 990). The substance 
reduces dilute Fehling’s solution at 60°, the reduction commencing 
after a few minutes and being considerable in 10 minutes, whereas 
inulin under these conditions showed only a trace of reducing action 
after | hour. 

Experience has shown that it is important to remove the ash as 
completely as possible from inulin before investigating the properties 
of this substance, a consideration which we did not at first closely 
regard. We intend to repeat our experiments with ash-free inulin 
if this is attainable. It is possible that inulin is protected from the 
hydrolysing action of boiling water by the presence of weakly 
alkaline mineral matter contained among the “ ash,” and that the 
removal of ash, either by purification or by neutralisation with 
traces of acid, permits the onset and continuation of the hydrolysing 
process which we have described ; but it is not yet certain that the 
hydrolysis of inulin by boiling water is a process identical with the 
catalytic degradation taking place in the dry way. 

By allowing the transformation of inulin to proceed to different 
lengths, products of lower decomposition range have been isolated. 
These are considered to be mixtures of compounds containing 
shorter chains. The best-defined was a substance obtained, by the 
action of carbon dioxide on aqueous inulin, as a white powder 
which melted to an opaque paste at 85 — 86° and effervesced at 
120 — 126°. This was readily soluble in cold water and had 
[“K — 45-6° in water (c = 2-28), the negative rotation slightly 
increasing with time, A further specimen, of initial m. p. 92 — ^95°, 
gave C, 42-0; H, 6-8%; M (cryoscopic), 520 in water. The 
substance may be an impure tetra- or tri-saccharide in a partly 
hydrated condition. It reduced warm Fehling’s solution, and also 
cold aqueous potassium permanganate on standing. 


It is considered probable that inulin consists of chains of fructo- 
furanose or y-fructose rings, the molecule cont aining at least 20 or 
24 such rings. 

T)^radation, by means of carbon dioxide or a trace of hydrogen 
chloride, consists in the hydrolytic scission of the chains at junctions 
between the rings, polysaccharides with shorter chains being pro- 
duced. Dehydration may in certain circumstances tend to regener- 
ate the lojuger-ehain. polysaccharides or inulin itself. Complete 
scission probably leads to the production of y-fructose, which is 
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then* irreversibly changed to ordinary fructose. The migration of 
inulin in plant stems may possibly occur through the formation of 
water-soluble polysaccharides which are subsequently dehydrated 
to inulin in the tubers. 

The authors are indebted to the Chemical Society for a grant to 
one of them which has partly defrayed the cost of the materials 
used in this investigation. 

UKIVBBSECy OF BIRMINGHAM, 

Edgbaston. \Received, August 2lst, 1928.] 


CCCLVI . — A Contribution to the Chemistry of Nitroso- 

compounds. 

By John CampbeUi Eabl, Frank Cadwallader Ellsworth, 
Edward Charles Snell Jones, and James Kenner. 

The remarkable ease with which nitroso-compounds are reduced 
to hydroxylamino-derivatives by cold dilute hydriodic acid at the 
ordinary temperature (Earl and Kenner, J., 1927, 2139) has led us 
to consider the reaction more closely. It is well known that nitroso- 
chlorides, if not polymerised, are usually oximes, and even in those 
cases in which a polymeride of the true nitrosochloride is known, 
e.g., pinol nitrosochloride, it can be changed into the i^onitroso- 
modifioation. Further, no indication has been found that the 
reaction is reversible, and, in the case of the oximes themselves, it 
is only comparatively recently that any evidence of a reversion to 
the nitroso-form has been obtained (Griffiths and Ingold, J., 1925, 
127, 1698). It is true that the tautomerism of jj-nitrosophenol 
involves such a reversal, but this is due to the general inclination 
of qumonoid compounds to assume the more saturated benzenoid 
condition : 

HO<^^NO ^ 

In these cases the change to the oxirmnoJorm is intramolecular, 
but the same tendency appears in intermolecular reactions. The 
facility with which j9-nitrosodimethylaniline is converted into 
p-mtrosophenol by hydrolysis is perhaps the most familiar instance 
of this kind, and the reduction of nitroso-compounds to hydroxyl- 
amines by hydriodic acid is a reaction governed by the same 
tendency. ' In our view, it is best formulated as an additive reaction 
in the first place, followed by displacement of the iodine atom by 
hydrogen : 

X-N:0 + hi — » X-NI-OH —V X-NH-OH + I,. 
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The formation of j^-hydroxyamidiiies from nitrosobeiizene and 
methyleneanilines (Burkhardt, Lapworth, and Robinson, J., 1925, 
127, 2234) is also to be included under this heading ; 

Ar*N:0 + Ar'-N:OHa Ar-N(OH)-CH:NAr'. 

This brief review throws new light on the classical synthesis of 
glycerol by PUoty and Ruff (Rer., 1897, 30, 1666). This depends 
on the elimination of formaldehyde, which occurs when the hydroxyl- 
aminobutanetriol (I) is subjected to oxidation by yellow mercuric 
oxide. Clearly the reaction is only another illustration of the 
property of the nitroso-group just discussed : 

(CHa-OHlgC-NH-OH — > [(CH2-OH)3C-NO] 

(L) CHaO + (CH2-0H)2C:N0H. 

The corresponding nitrobutanetriol (II) is itself stable, but also 
loses form^dehyde under the influence of alkali (Schmidt and 
Wilkendorf, Ber,, 1919, 52, 389). Wilkendorf and Tr6nel (J5er., 
1923, 56, 611) were, however, unable to accomplish the direct 
elimination of a second molecule of formaldehyde from the nitro- 
butanetriol. But the foregoing considerations make it clear that 
this must occur if a nitroso-group be appropriately introduced into 
the molecule of p-nitropropane-ay-diol (III). 

(H.) (CaE[2-OH)3C-NOa — ^ CHgO + (CH2-OH)20:irOaH (in.) _> 

(iv.) [(ch2-oh)2C(no2)-no]— ^ hO'CH2-c(N02):noh (v.) 

HO-CHg-CHg-NOa (Vi.) 

This prediction has been experimentally verified by treatment of 
the sodium salt of the diol with nitrous acid under precisely those 
conditions prescribed by V, Meyer and Constam {Annalen, 1882, 
214, 328) for the preparation of ethylnitrolic acid from nitroethane. 
The action of nitrous acid on the cooled aqueous solution of the 
salt at first causes the production of the characteristic well-loiown 
blue colour indicative of the formation of the pseudonitrol (IV), 
but this almost at once gives place in the alkaline solution to the 
red colour of the nitrolic acid salt. The formaldehyde produced 
has been identified by its condensation with p-naphthol, and the 
^••hydroxyeikylnitrolic acid (V) has been isolated in the crystalline 
condition, and its constitution also established by its identity with 
the product obtained in the usual manner from p-nitroethyl 
alcohol (VI). Since, however, the sodium salt of P-nitropropane- 
ay-did is obtainable in one operation from nitroinethane and 
formaldehyde (Wilkendorf and Tr4nel, Zoc. ciZ.), whereas nitroethyl 
alcohol has to be prepared from glycolchlorohydrin through the 
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iodohydrin and, as we found, then requires further purification 
through its sodium salt for the present purpose, the new reaction 
is the more convenient method of obtaining the acid. In order to 
demonstrate the general character of the reaction, we have also 
shown that ethyl^trohc acid is produced by the action of nitrous 
acid on the sodium salt of p-nitropropanol : 

CH3-C(CH2-0H}:iT02Na — CH3-C{N02):N0H + OHgO. 

These reactions indicate that when the carbon atom next the 
nitroso-group does not carry a hydrogen atom which would enable 
the change, indicated in (^I), to the oximino-condition to occur, 

(vn.) (vin.) {IX.) 

a methylol group can supply the necessary hydrogen atom, as 
shown by (VIII). In this case the electronic changes induced by 
the nitroso-group are transmitted through a chain of singly linked 
atoms. The same applies to the case of the nitrobutanetriol (II) 
and the fact that P-chloro-p-nitropropane-ay-diol (IX) suffers 
elimination of formaldehyde rather than elimination of chlorine 
(Wilkendorf and Tr4nel, he, cU,) illustrates the readiness with 
which such transmission occurs. 

A number of other well-known reactions appear to depend on 
the characteristic of the nitroso-group emphasised above. For 
instance, the exceptional behaviour of nitrous acid in so readily 
forming an anhydride can be ascribed to the following reactions : 

ho-n:o + h-on:o — > ho-n<o® q — > HgO + o:n-o-n:o. 


Similarly, the almost instantaneous esterification of ethyl alcohol 
by cold dilute nitrous acid (compare Thiele and Eichwede, Annalen^ 
1900, 311, 366, footnote) and the course of the well-known reactions 
between potassium nitrite and potassium hydrogen sulphite (Raschig, 
Annden, 1887, 241, 207) are readily understood from this point of 
view. Again, the interaction of hydriodic acid and nitrous acid 
would, according to the scheme already suggested for nitroso- 
compounds in general, lead to the compound (X), which could then 


HO-NH-OH + H0-Kr:0 ^ H0-N(0H)-N(0H)3 

(X.) 


2H20+o:n-n:o 

2 ]^ 0 . 


leaot with more nitrous acid in the manner indicated, resuitiBg 
the eventual formation of nitric o^dde. ■ 
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Again, nitrous acid probably derives its distinctive value as a 
reagent for reactive methylene groups from its tendency to form an 
oximino-derivative (compare Wolff, Annalen^ 1895, 288, 10) : 

— > -9H*N(0H}2 — > -9:N0H + HaO. 

It does not seem previously to have been realised that, owing 
to the correspondence in chemical relationships of the CH group 
with the nitrogen atom and of the imino-group with the oxygen 
atom, a close constitutional connexion exists between methyl 
alcohol, hydroxylamine, and hydrogen peroxide, and, in fact, each 
undergoes catalytic dehydrogenation by platinum-black. Extend- 
ing now Wieland’s formulation in the cases of methyl alcohol and 
hydrogen peroxide (5er., 1921, 54, 2353) to that of hydroxylamine, 
we have : 

H-N<Jg ^ Ha + HN:0. 

Actually ammonia, water, and nitrous oxide are formed (Tanatar, 
Z, physihaL diem,, 1902, 40, 475). Apparently nascent hydrogen 
and a part of the “ nitroxyl ’’ first formed give rise to ammonia, 
whilst the remainder is converted into nitrous oxide ; 

2HNO — > HN(0H)-N:0 — > N:N:0. 

This gas is produced quantitatively by oxidation of hydroxylamine 
with ferric sulphate (Baschig, Annalen, 1887,. 241, 188; Z- anorg, 
Ghem*, 1904, 17, 1411) as well as by reduction of nitrous acid 
(Easchig, Z. anorg, Gkem., 1904, 17, 1398) and, particularly inter- 
esting for the present discussion, by hydrolysis of nitrososidphonic 
acid (compare Abegg, ‘‘ Handbuch der Anorganischen Chemie/* 3, 
hi, 153) : 

oiN-so^H + H3O — > H2SO4 + hn:o. 

In the previous paper (Earl and Kenner, he, cit,) it was pointed 
out that in spite of the well-recogmsed analogy between the carbonyl 
and the nitroso-group, the former does not undergo reduction with 
cold dilute hydriodic acid. This corresponds with the greater 
stability of the ketonic than the enolic form of simple carbonyl 
compounds, and the foregoing considerations would therefore lead 

(CH2*OH)jC-GHO (xn.) 

(Xnx.) CB[3*C(CH2-0H)2-CH0 CHMe2-C(C3H2-OH)2-C!HO (XIV.) 

OB to anticipate that the grouping (XI) would be stable and not 
lose formaldehyde under ordinary conditions. Accordingly penta- 
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er 3 rthrose (XII) (McLeod, Amer, Ghem. */., 1907, 37 , 20), aa-di- 
methylolpropanal (XIII) (Koch and Zerner, Monatsh,^ 1901, 22, 
448), and aa-dimethylol-p-methylbutanal (XIV) (Lichtenstein, ibid., 
1905, 26 , 499) have been described and satisfactorily identified. 
On the other hand, Rave and Tollens showed that when penta- 
erythritol is oxidised by dilute nitric acid*one of the products is an 
aldehyde of the empirical formula C^HgOg, to which they assigned 
the constitution CH0*CB[2*0*CH2*CH0 {A^malen, 1893, 276 , 65). 
In our view, the present discussion makes it practically certain 
that the course of the reaction is to be represented as follows : 

(CH,-0H)4C (C)H,*OH)2C<::gg[o~^CHaO+HO*CH2-C^|!^g- 

But our preliminary experiments to verify this hypothesis have 
shown that the task of preparing the dialdehyde in any quantity 
is likely to be laborious, since our yield of the characteristic bis- 
phenylhydrazone described by Rave and Tollens was exceedingly 
small. 

The difference between the nitroso- and the carbonyl group 
illustrated by these various reactions is one of degree, and is 
attributable to the fact that the nitrogen atom is more nearly 
equal to the oxygen atom than is the carbon atom in its tendency 
to acquire elec^ons. A system, therefore, in which nitrogen and 
oxygen atoms compete for four electrons is less likely to be stable 
than a similar on© in which carbon occupies the place of nitrogen. 

Experimental. 

The solutions of sodium nitrite and potassium hydroxide employed 
in the following experiments contained respectively 64 g. and 53*6 g. 
in 120 C.C., as recommended by Meyer and Constam (loc. ciL), 

^-HydroxyethylnitroUcAcid (V). — ^Demuth and V. Meyer {Annalen, 
1890, 256 , 43) were unable to obtain this compound either from 
fi-nitroethyl alcohol or from the sodium salt, the preparation of 
which serves as a means of purifying the alcohol obtained by the 
usual method from glycoliodohydrin. Although the nitroethyl 
alcohol employed in our work was carefully purified by distillation 
at 101°/15 mm. (corr.) (compare Henry, Rec, trav. chim., 1898, 
17, 2), we also were unable to isolate the nitrolio acid in experiments 
conducted under exactly the same conditior^ (the amount of alkali 
used was, however, three times as great in order to convert the 
nitro-compound into its salt) as those applied to the sodium salt ^ 
the manner now to be described. . . 

pjffitroethyl alcohol (13 g.) was converted into its sodium 
by treatment with. a solution of sodium (3*3 g.) in alcohol (99, t*p4^" 
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A solution of the sodium salt (114 g.) in water (5 c.c.), aqueous, 
sodium nitrite (17 c.c.), and potassium hydroxide solution (5*6 c.cO? 
having been gradually acidified between — lO'* and 0 ° with dilute 
sulphuric acid (5N)j was again rendered alkaline and, after a few 
moments, re-acidified (compare Meyer and Constain, loc. cit, 
Wieland, AnnaUn, 1907, 353, 82). The solution was then rapidly- 
filtered from sodium sulphate and extracted three times with 
cooled purified ether. Knally, the extract (40 c.c.), having been 
washed in a little ice-water and dried over sodium sulphate, was*, 
evaporated in a vacuum desiccator, first over sulphuric acid and 
then over phosphoric oxide. Crystallisation set in after 1 hour, 
when almost the whole of the ether had been removed, and the 
pure nitrolio acid (4 g.), m. p. 76 — 77° (decomp. ; corr.), was obtained 
(Found : N, 23-2. C 2 H 4 O 4 N 2 requires N, 23*3%). The poor yield 
( 33 %) was due to the solubility of the acid in water and to the 
undesirability of increasing the volume of ethereal extract and 
consequently delaying isolation of the product. It could be crystal- 
lised from solution in the minimum volume of dry ether by ad^tion 
of three volumes of light petroleum, but gradually decomposed with 
evolution of nitrous fumes, even in a vacuum desiccator. 

When an exactly similar experiment was performed with an 
equimolecular proportion of the sodium salt of p-nitropropane- 
ay-diol (Wilkendorf and Tr^nel, loc, cit,) each addition of sulphuric 
acid was followed by the appearance of a temporary blue coloration, 
which rapidly changed to red. The product, m. p. 76 — 77° (decomp.) 
(Found : N, 22-9, 23*2%), did not depress the melting point of the 
specimen of p-hydroxyethylnitrolic acid obtained from p-nitroethyl 
alcohol. In order satisfactorily to demonstrate the production of 
formaldehyde in the reaction, it was necessary to examine the 
aqueous liquors under conditions which would avoid as far as 
possible decomposition of unextracted nitrolic acid into glycollic 
acid, and also to separate the formaldehyde from any of this acid 
which might nevertheless be produced. The liquors were therefore 
at once shaken with an excess of calcium carbonate at the ordinary 
temperature and the formaldehyde was removed by distillation 
after 24 hours. The distillate, which reduced Tollens’s solution, 
was treated with p-naphthol in presence of hydrochloric acid, and 
furnished methylenedi-P-naphthol which, alone or mixed wdth 
an authentic specimen, melted at 206° (corr,). 

E^ylnitrolic Acid from f^-Nitfojprcypanol , — solution of sodium 
(S-7 g.) in methyl alcohol (40 c.c.) was very slowly ^ded to a vigor- 
ously stirred solution of nitroethane (16 g.) and paraformaldehyde 
( 6-6 g.) in methyl alcohol (120 c.c.). Owing to its solubility in 
methyl alcohol, the yield of the sodium salt of ^-nitropropanol 
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(Found: N, 11-3; Na, 18*1.* CgHgOaNNa requires N, 11*0; 
Na, 18*1%) which separated from the solution was only 60%. 

From the sodium salt (3-4 g.) and sodium nitrite (5 o.c.) and 
potassium hydroxide (1*7 c.c.) solutions, by the procedure already 
detailed in the case of nitroethyl alcohol, ethylnitrolic acid (2*7 g.), 
m. p. 84 — 86° (decomp. ; corr.), was obtained. It was identified 
by analysis (Found : N, 26*6. Calc, for C 2 H^ 03 N 2 : N, 26*9%) 
and by direct comparison with a specimen, m. p. 85° (decomp. ; 
corr.), prepared from ixitroethane. The aqueous liquor from the 
preparation furnished a distillate in which formaldehyde was 
identified by condensation with p-naphthol; the methylenedi-P- 
naphthol obtained melted at 206° (corr.). 

The TTnivebsity, The College of Technology, Manchestbb. 

Sydney. [Received , July lOth, 1928.] 


CCCLVII . — The Z-Halogeno-2-^ -4-, and -6-ammo- 

phenols. 

By Herbbet Henry Hodgson and Arnold Kershaw. 

The compounds herein described include all the 3-halogeno-2-, 
-4-, and -6-aminophenols except the fluoro-compounds. They are 
much stabler than the unsubstituted aminophenols, remaining colour? 
less after prolonged exposure to air and having no action on Febl- 
ing’s solution, Ammoniacal silver nitrate, however, is reduced, 
rapidly by the 3-halogeno-6-aminophenols (order: Cl>Br>I), 
much more slowly by the 3-halogeno-2-aminophenols (I>Br>Cl), 
and relatively most slowly by the 3-halogeno-4-aminophenols 
(Cl>Br>I). The solubilities of the 3-halogenoaminophenols in 
water decrease in the order Cl>Br>I. The hydrochlorides of the 
3-halogeno-2- and -6-aminophenols are very soluble in water ; those 
of the 4-amino-isomerides are only moderately easily soluble. 

Experimental. 

G&fieral Method of Preparation , — ^The 3-halogeno-2-, -4-, and 
-6-nitrophenols are dissolved in hot aqueous sodium hydroxide, and 
solid sodium hyposulphite is gradually added. The resulting 
3-halpgenoaminophenols all crystallise from water containing a 
little sodium bisulphite, and their hydrochlorides from dilute 

* The result of the nitrogen determination was only satisfactory wh^ 
the salt was mixed with potassium dichromate (compare Schmids 
Wilkendorf, loc, cit,). For the sodiiun determination, the salt was jtnoi«l^ii^ 
with water before treatment with sulphuric acid. j ■ 

4tj2 
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hydrochloric acid, in colourless needles or plates. The hydro- 
chlorides melt with extensive decomposition. 

The. Z‘Hahgeno~2~aminoplienols, — Colour reactions, ( 1 ) Ferric 
chloride produces a transient reddish- violet colour and then a brown 
precipitate, the solution of which in concentrated hydrochloric acid 
retains its deep brownish-red colour on dilution. ( 2 ) Bleaching 
j)owder solution produces a light brown precipitate which deepens 
in colour on the gradual addition of hydrochloric acid but finally 
dissolves, forming deep brown solutions from the chloro- and 
bromo-compounds and a yellow solution from the iodo-compound. 
(3) Bromine water gives initially a brown coloration and then a 
IDale yellow precipitate, the solution of which in hydrochloric acid 
is yellow. 

flat needles, m. p. 122 ° {Found ; Cl, 24*8. 
CgHgONCl requires Cl, 24-7%) ; hyiroohloride^ plates (Found : 
Cl, 39-2. C6H^0NC1,HC1 requires Cl, 39-4%). i-Bromo-'^’^amino-^ 
phenol, needles, m. p. 138° (Found : Br, 42*3. C 0 HgONBr requires 
Br, 42*6%); hydrochloride, needles (0*0930 g. gave 0*1369 g. of 
mixed silver halides. Calc., 0*1372 • g,). Z^Iodo-2-aminophenol, 
needles, m. p. 137° (decomp.) (Found : I, 54*2. CgHgONI requires 

l, 54*0%) ; hydrochloride, plates (0*1597 g. gave 0*2228 g. of mixed 
silver halides. Calc., 0*2226 g.). 

The S-EalogenoA-aminophenola, — Colour reactions, ( 1 ) Ferric 
chloride gives with the chloro- and bromo-compounds intense 
violet colours w'hich are changed to greenish-brown by concen- 
trated hydrochloric acid and restored on dilution, whereas the 
iodo-compound gives only a faint brown colour changing to orange- 
brown. ( 2 ) Bleaching powder solution produces with the chloro- 
and bromo-compounds purple colorations and then brown pre- 
cipitates giving orange-brown solutions in hydrochloric acid, 
whereas the iodo-compound exhibits only a faint violet coloration 
changing to light yellow on acidification. ( 3 ) Bromine water pro- 
duces initially a violet colour, followed by a light brown or buff 
precipitate soluble in hydrochloric acid to a golden-brown solution. 

3-Chloro-4-aminophenol, long, flat needles, m. p. 159*5° (Foimd : 
Cl, 24*5%) (compare D.R.-P, 143449, 1903); hydrochloride, plates 
(Found : Cl, 39*2%)^ Z^BromoA-'aminophenol, very long needles, 

m. p, 151° (Found : Br, 42*6%) ; hydrochloride, prisms (0*2221 g. 
gave 0*3286 g, of mixed silver h^des. Calc., 0*3278 g.). Z-^Iodo- 
4^ami7top1ienol, plates, m. p. 145*5° (Foimd: I, 53*8%); hydro- 
chloride, plates (0*1180 g, gave 0*1650 g. of mixed silver halides. 
Calc., 0*1645 g,). 

The 3-ffalogeno-6-aminophenols, — Colour reactions, ( 1 ) Ferric 
chloride gives initially a bright violet colour, followed by a dark 



ADSOEPTIOK AKD CONSTITUTION. 


2705 


purple precipitate the reddish-brown solution of which in concen- 
trated hydrochloric acid becomes violet on dilution. (2) Bleaching 
powder solution produces a transient violet coloration, followed by 
a deep brown precipitate which rapidly changes to a bright red 
gelatinous form soluble in hydrochloric acid to an eosin-red solution 
michanged on dilution. (3) Bromine water gives initially a brown 
coloration, followed by a light brown precipitate soluble with 
difficulty in hydrochloric acid to a straw-coloured solution. 

3^Chloro-6^ami7wphenol, prisms, m. p. 154° (Found : Cl, 24*5%) ; 
hydrochloride, plates (Found : Q, 39*3%). S-Brorno-G-aminopheml, 
prisms, m. p. 160° (Found : Br, 42-4%) ; hydrochloride, elongated 
plates (0-1137 g. gave 0-1699 g. of mixed silver halides. Calc,, 
0-1678 g.). 3-IodoS-ammophenol, long needles, m. p. 141° (Found : 
I, 54-2%); hydrochloride, plates (0-1234 g. gave 0*1727 g. of mixed 
silver halides. Calc., 0-1720 g.). 

The authors desire to thank the Department of Scientific and 
Industrial Eesearch for a grant to one of them (A. K.), and the 
British Dyestuffs Corporation for gifts of chemicals. 

Technical Colleob, - 

Htodebseibld. {Received, July IZth, 1928.] 


OCCLVIII . — Adsorption and Constitution: The 
Adsorption of Organic Acids on Animal Charcoal. 

By Keenneth Massy Geiffin, TBlWRy Loeimbe, Riohaedson, and 
Bmum WiLPEin Robeetson. 

It has been shown that the expression gives a comparable 
measure of the adsorption of substances from solution (Richardson 
and Robertson, J ., 1925, 127, 553), i.e., the order of the values of 
G 2 /G 1 found for a number of compounds agreed with the relative 
position of their adsorption isotherms, the effect of initial con- 
centration being limited to that due to differences in the slope of 
the isotherms. Further, the magnitude of Cg/Oj varied over a 
wide range with changes in the structure of the substances com- 
pared. 

The equihbrium of an adsorbed substance in contact with its solu- 
tion ^the adsorption isotherm — is generally expressed by the 
exponential formula of Freundlich, a == ac.^», or . Og = 
which gives satisfactory results at least for dilute solutions. An 
examination of the values of Ijn for a number of widely div®^?: 
substances (Freundlich, “ Kapillarchemie,” 1923, 236) showeAi^^^; 
little dependence on the nature of the molecule adsorbed 
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between 1-8 and 4’2. Richardson and Robertson (foe. cit.) made a 
similar observation •with a variety of organic compounds. Apart 
from the ambiguity of its actual significance, therefore, and the 
experimental difficulties of its determination in solvents where 
adsorption is slight, n does not seem to be a suitable function for 
the examination of constitutive influences. 

The relative extent to which substances are adsorbed varies much 
more considerably than does n : some comparative studies on this 
basis, of the adsorption of organic acids from aqueous solution, 
have been reported (Freundlioh, ap. cit, p, 267 ; Bartell and Miller, 
J . Amer, Chem, Soc,, 1923, 45, H09). However, for a more general 
examination of organic compounds, owing to their slight solubility 
in water, organic solvents would be necessary. In the present 
paper, the adsorption by animal charcoal from ethyl-alcoholic 
solution of a number of carboxylic acids has been determined. The 
concentration chosen as a basis of comparison was N /20 ; CJC^ was 
calculated from this after titration of the equilibrium filtrate, and 
then the ‘‘ relative adsorption ” with reference to a standard acid 
(acetic for the aliphatic series, benzoic for the aromatic) was taken 
for comparison. This “ relative adsorption was found to be 
almost independent of the activity of the charcoal. 

Exebeimental. 

The method of experiment was as described in the literature ; 
5 g. of charcoal were shaken mechanically for 4 hours with 60 c.c. 
of an jy/20-alooholic solution of the acid, the liquid was rapidly 
filtered, and 10 c.c. portions of the filtrate were titrated with 
^/20-alcoholio potash with phenolphthalein as indicator. The 
original solution was titrated at the same time as the filtrate from 
the charcoal, to allow for error due to esterification. Only those 
titration values that differed by less than 0*1 c.c. were accepted ; 
agreement was generally •within 0-06 c.c. 

The reagents used were carefully purified. The animal charcoal 
was supplied by the British Drug Houses as ** Animal Charcoal, 
Acid-free,” and since it had at first a slightly alkaline reaction, it 
was repeatedly extracted with hot water until neutral to phenol- 
phthalein. Before use, it was activated by heating to redness for 
some hours in a Vitreosil tube, a steady stream of dry nitrogen being 
passed through towards the end of the operation and continued 
■mtil the tube was edd. After being sieved, the charcoal was kept 
in a l^ge, stoppered bottle for several days bdore use, for its activity 
fell off somewhat immediately after activation. Since the amount 
of charcoal used ih,a series of e^qperiments was considerable, it 
became necessary to recover it after use and reactivate it ; this was 
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effected in the same manner as the preliminary activation. After 
reactivation, the activity of the charcoal as measured by a standard 
substance such as acetic acid was found to have changed slightly : 
in one series of reactivations, Cg/Gj for acetic acid was successively 
1-35, M9, 0*98, MO, 0*75; another charcoal gave 0*36, 046, 043, 
0*33, 0‘39. To enable comparable results to be obtained with 
charcoals of different activity, the values of C^jC^ found for a series 
of compounds with any one charcoal were divided by the previously 
determined value of for a standard acid with that charcoal, 
As noted above, these “ relative adsorptions ” obtained for any 
compound with different charcoals were in satisfactory agreement, 
but in certain instances the deviations were greater than the 
experimental error. It would appear that when the structure of 
the compounds differed considerably, the relative adsorption might 
be influenced to some extent by the nature of the charcoal. This is 
shown by observations on acetic and benzoic acids : 


Charcoal. 

(7a /Cl, acetic acid. 

Ca/Ci, benzoic acid. 

Relative adsorption 
(acetic acid =1). 

I 

0*362 

1*67 

4*61 

II 

0*463 

2*24 

4*84 

III 

0*433 

2-48 

6*73 

IV 

0*330 

2*08 

6*32 

V 

0*387 

2*69 

6*69 

VI 

0*067 

0*339 

6*1 


Charcoals II, III, IV, and V were obtained by successive reactiv- 
ations of charcoal I; reactivation caused a alight but steady 
increase in the relative adsorption of benzoic acid as compared 
with acetic acid, Charcoal VI was a sample of different origin, and 
considerably less active ; the value it gave for the relative adsorp- 
tion of benzoic acid fell amongst those of the previous charcoals. 
The other aromatic acids resembled benzoic acid in showing appreci- 
able deviations among their relative adsorptions with different 
charcoals, when the value for acetic acid was taken as unity. For 
this reason, the values for their relative adsorptions that appear in 
Table II were calculated on the basis of benzoic acid ; the results 
so obtained showed satisfactory agreement for different samples of 
charcoal. 

In Tables I and II are given the mean values found for the 
relative adsorptions from alcoholic solution of aliphatic and aromatic 
acids, respectively. For the former, acetic acid was taken as 
standard ; for the latter, benzoic. 

The effect of constitution is on the whole definite. In the normal 
fatty acids, the adsorption falls to a minimum and then rises wilpif 
increasing molecular weight ; further, the property is an 
one, the odd-numbered members being less adsorbed than 
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Table I. 



Eelative 


Relative 

Acid. 

adsorption. 

Acid. 

adsorption. 

Acetic 

.... 1*00 

Lactic 

.. 0*58 


.. 0*65 

Phenylacetic 

3*26 

Butyric 

.... 0-87 

Phenylpropionic 

.. 4*04 

45oButyric 

.... 0*27 

Gmnazuic 

6-25 

t^cValeric 

.... 0-21 

Handelic 

2*29 

Hexoic 

.... 1*13 

Succinic 

.. 1*44 

Heptoie 

0*92 

Adipic 

.. 1*05 

Octoie 

L50 

Sebacic 

.. 2*30 

Nfonoic 

.... 1-32 

Monobromosuccinic ... 

.. 1*77 

Laurie 

.... 2-16 

Ethylsuccinic 

.. 0*86 

Stearic 

.... 2-32 

Malic 

1*22 

Monochloroacetic .. 

.... 2*31 

Tartaric . 

1*60 

Trichloroacetic 

.... 0*27 

Fumaric ... 

4*15 

Monobromoacetic .... 

.... 2*70 

Citraeonio 

5*64 

a-Bromopropioiiio .. 

1*92 

Mesaconic 

3*41 

a-Bromotsobutyrie .. 

.... 1*38 




With regard to the effect of substituents, small alkyl groups and the 
hydroxyl group reduce the adsorption, and halogen (except in 
trichloroacetic acid) and the phenyl group increase it. Dibasic 
acids are adsorbed more strongly than the corresponding monobasic 
acids. Unsaturation (the ethylenic link) causes an especially 
marked increase in relative adsorption. 


Table II. 



Relative 


Relative 

Acid. 

adsorption. 

Acid. 

adsorption. 

Benzoic 

.... 1*00 

p-Nitrobenzoic 

. 3*64 

o-ToIuic 

.... 0*97 

o-Chlorobenzoic 

. 0*86 

m-Toluic 

.... 1*19 

Salicylic 

. 1*64 

p-Toluic 

.... 1*36 

o-Acetoxybenzoic 

. 0*75 

o-Bromobenzoic ..... 

.... 1*01 

p^Methoxybenzoic 

. 2*30 

wi-Bromobenzoic 

.... 2*10 

Phthalic 

. 2*30 

p-Bromobenzoic 

.... 2*42 

O'Azninobenzolc 

, 2*91 

o-Nitrobenzoic 

.... 1*34 

a-Acetamidobenzoifr ... 

. 2*30 

3»-Nitrobenzoic 


5-Tribromobenzoic ..... 

. 2*51 


Generally the relative adsorption of the aromatic acids is 5 to 
20 times that of the aliphatic acids (compare table, p. 2707). Sub- 
stituents in the para-position increase the relative adsorption, the 
effect of the groups being in the order alkyl, halogen, nitro- ; in 
the meta-position there is a corresponding but smaller enhance- 
ment; and ortlio-substitution has usually a smaller or even a 
depresang effects The enhancement attributable to o-hydroxy- 
and o-amino-groups was reduced by acetylation. As in the aliphatic 
series, the additional carboxyl group of a dibasic , acid increased 
ads€a?ption. 

. ^ Summary. 


1; The relative adsorption of organic acids from alcoholic solution, 
on animal charccml, varies within wide limits; f^ovaJeric acid 
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has the value 0-21, and ^-nitrobenzoie acid 17, if acetic acid is 
taken as unity. 

2. In general, the relative adsorption tends to increase with 
molecular weight, but this increase is subject to marked constitutive 
effects. 

3. Aromatic acids are much more strongly adsorbed than aliphatic 
acids; substitution, especially in the para-position, increases the 
adsorption. 

Victoria XJNivERSiTy College, 

Wellington-, N.Z. [iJecemd, August 23rc?, 1928*1 


CCCLIX . — Polymerides of Aliphatic Ghloroaldehydes. 

By Frederick Daniel Chattaway and Edwin Gboppre y Kellett. 

The known polymerides of the aliphatic chloroaldehydes may be 
grouped in two classes, the so-called meta- and para-aldehydes. 
The meta-compounds are insoluble, colourless, amorphous solids, 
which on heating volatilise and dissociate without previously melting ; 
they have no properties which afford a guide to their constitution, 
since in all reactions they revert to and react as the unpolymerised 
forms, and their molecular complexity is unknown. Metaohloro- 
acetaldehyde (Natterer, Monatsh,, 1882, 3, 447) and metadichloro- 
acetaldehyde (Friedrich, Annalen, 1881, 206, 52) are readily formed 
from the free aldehydes under the influence of hydrogen chloride, 
whilst strong sulphuric acid causes the formation of polymerides of 
a different type — the para-aldehydes (Natterer, loc, cit\ Jacobsen, 
Ber,, 1875, 8, 88). These are colourless, crystalline solids having 
sharp melting points, and being soluble in most organic solvents, 
though insoluble in water. They are comparatively stable, being 
unaffected by, e.jr., boiling aqueous alkalis. On distillation under 
ordinary pressure they dissociate, but under diminished pressure 
they volatilise unchanged. They are trimeric, and their constitution 
is usually represented by a six-atom ring. 

Although chloral has long been known to give a ];)olymeride of 
the meta-type, it has not hitherto been found to give one of the 
para-type. When, however, a solution of chloral in strong sulphuric 
acid is allowed to remain at the ordinary temperature, two isomeric 
parachlorals are formed in addition to the metachloral which is the 
main product, and they may be extracted from the latter by hot 
alcohol. By fractional crystallisation from the same solvent, they 
can be separated from each other and from chloralide ^ 

(CCVOH-O-CH-Cag, . 

co*o-i ■ 

brichloroethylidene trichlorolactic ester), which is formed to 
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extent at the same time and is considerably less soluble than either. 
The production of these polymerides appears to depend on the 
temperature : at or below 0°, metachloral is the sole product, whilst 
at 40®, a relatively large amount of chloralide is also formed. 

Both isomerides show the characteristic properties of true 
paraldehydes : they have sharp melting points, and are readily 
soluble in organic solvents, though insoluble in hot or cold water. 
Cryoscopic molecular -weight determinations in benzene show each 
to be trimeric, and although they dissociate into chloral on distil- 
lation under ordinary pressure, they distil unchanged under a 
pressure of 15 mm. The less soluble and more soluble forms are 
termed a- and p-parachloral, respectively. 

These two isomerides and metachloral are formed independently, 
for in the presence of sulphuric acid none is converted into either of 
the others. It seems probable that the isomerism of a- and p-para- 
chloral is of the cis4rans type, corresponding to the two possibilities 
in the paraldehyde ring, one having aU three trichloromethyl residues 
on the same side of the plane of the ring, and the other having two 
on one side and one on the other. Isomerism which has similarly 
been attributed to ci$4ra7i$ forms has been observed in parabromo- 
propaldehyde (Franke, AnnaUn^ 1907, 351, 421), in trichloralimide, 
(CCl 3 'CHINH )3 (B6hal and Choay, Ann, Chim* Fhys,, 1892, 26, 7, 
34)j and in the trithioaldehydes, (R-CH;S )3 (Baumann and Fromm, 
Ber., 1891, 24, 1426), and in the last case this type of isomerism has 
been confirmed, since on oxidation the ois4oTm gives only one 
disulphone-sulphide, whereas the tra7is4oTm gives two. One form 
is converted into the other by the action of acetyl chloride, iodine, 
etc. Attempts to effect interconversion of the two parachlorals by 
the same means have been unsuccessful, however. 

It is noteworthy that this is the first time that a meta-form and 
two isomeric para-forms of the same aldehyde have been obtained. 
The assumption that the relation of the meta- and para-forms is that 
of cis4rans isomerides (compare Ber,, 1907, 40, 4341) can thus no 
longer be accepted, at least in the case of chloral. 

Paradichloroacetaldehyde does not appear to exist in isomeric 
forms, for sulphuric acid converts it into a single compound, which 
decomposes when kept for more than a few hours in contact with the 
acid; it is possible, however, that the failure to isolate a second 
isomeride is due to its still more rapid decomposition. 

Butylchloral, CH 3 *CSCl*CGl 2 *CHO, like chloral, forms two 
isomeric poljmaerides of the para-type when kept in contact with 
excess of sulphuric acid; these differ in solubility and can be 
separated by fractional crystallisation from acetic acid. The 
teons oc- and may be applied to the less soluble and more soluble 
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forms as before. In properties they closely resemble the para- 
ehlorals, being colourless, crystalline, sharp-melting compounds, 
soluble in organic solvents, but insoluble in water. They are tri- 
meric, and can be distilled unchanged under a pressure of 15 mm., but 
dissociate into butylchloral on distillation under ordinary pressure. 

It may be noted that the a-forms of parachloral, parabutylchloral, 
and trichloralimide all crystallise in the orthorhombic system. 
Behai and Choay (Zoc. ciL) infer from the crystal symmetry a corre- 
sponding molecular symmetry, and designate the a-form “ cia ’’ 
and the p-f orm tram ’ ’ ; but this conclusion seems hardly justifiable. 

Butylchloral appears not to form a polymeride of the meta-type ; 
in fact, no meta-polymerides of chloro- or bromo-aldehydes have 
been observed outside the acetaldehyde group. 


Experimental. 

Preparation of a- and ^‘ParacMoraL — The most suitable conditions 
for the preparation of these isomerides are (a) a temperature of 
15 — ^20°, and (6) a large excess of sulphuric acid, and it appears to 
be essential that the chloral should first dissolve, for metaohloral is 
formed as a crust when a layer of chloral is left floating on the 
surface of the acid. 

Powdered chloral hydrate (100 g.) was added slowly to concen- 
trated sulphuric acid (1000 g.), each portion being shaken until 
dissolved. On standing for a few houi’s at the ordinary temperature, 
a mixture of the three polymerides with chloralide began to separate 
as a white powder. After 3 days, this solid was filtered off, washed 
with hot water until the smell of chloral could no longer be recognised, 
dried, powdered, and extracted with boiling alcohol (100 c.c. to 
50 g. of product). The chloralide, which separated from the cold 
extract, was removed, and cold water added to the filtrate. The 
colourless precipitate was separated, dried, and boiled for a few 
seconds with sufiBlcient alcohol to dissolve half of it ; evaporation 
of the extract gave a residue rich in the p-form, and the two solids 
were then repeatedly recrystallised from alcohol until the two 
forms were obtained pure and of constant m. p. 

ct’-Parachloral crystallises from boiling alcohol in compact, colour- 
less, rhombic crystals (Pound : Cl, 72-02 ; M, cryoscopic in benzene, 
423. OeHgOaCle requires a, 72-16%; >7,442). It melts at 116*^ 

* It may be noted that tliis m. p. is very near to that of chloralide {ll^ 
116°), which, however, boils at 272° without change. The mixed m, 
the two may be as low as 85 — 90°. The monoclinic ciystalline form o£ 
alide {Z, Kryat, 1877, 1, 594) is quite different from the rhombic 
o-paraehloral. Further, chloralide is decomposed by boiling 
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and boils at 223® /760 mm. The b. p. was determined by the 
capillary-tube method; in an ordinary distillation apparatus the 
b. p. rises, owing to decomposition, whilst a thermometer in the 
vapoxir registers 98*0®, the b. p. of chloral. Even in a vacuum 
distillation apparatus under 15 mm. pressure the boiling point was 
found not to be constant, as some decomposition occurred, but a 
quantity of unchanged a-parachloral collected in the condenser. 

Dr. T. V. Barker, of Brasenose College, has very kindly examined 
the crystals, and reports that they are orthorhombic, as shown in 
Kg. 1. The forms developed were c (001), o (111), and m (110). 
The axial elements, a:b :c = 0*8801 : 1 : 1*4605, were computed 
from the following mean measurements derived from two crystals ; 

mm (110 : iTO) = 84° 42', co (001 : 111) = 65° 31'. 

^•Parachloral crystallises from alcohol in long, colourless prisms 
(Found ; Cl, 71*95% ; Jf, cryoscopic in benzene, 420), too slender to 

Fro. 1. Fia. 2. 




admit of measurement. It melts at 152° and boils at 250° (in the 
capillary tube). Its behaviour on distillation is similar to that of 
the a-form. 

The yield of a- and p-parachloral obtained as above is not more 
than 1% of the chloral taken : about 2% of chlorahde is also 
formed. These polymerides have none of the characteristic pro- 
perties of chloral : they are odourless, stable to boiling aqueous 
alkalis,- and do not react with phenylhydrazine or potassium 
cyanide. 

Preparation of a- and ^-Pa/rabntylcMoraL — In order to obtain a 
good yield of these polymerides, not less than 6 parts by weight of 
concentrated sulphuric acid to one part of butylchloral hydrate 
shouH be used. With a smaller amount polymerisation is slow, 
'and probably explains why Willcox and Brunei (/. Amer. Ghem. 
jSoc., , 1916, 38, 2538), who used sulphuric acid for dehydrating 
butylchloral hydrate, failed to observe the formation of the poly- 
merides. 160 G. of concentrated sulphuric acid were poured on 25 g. of 
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)wderedbutyloliloral]iydrate and shaken untilahomogeneous brown 
[uid w-as formed. In about 2 hours the solid polymerides began 
separate, and after standing with occasional shaking for about 
70 days, the mixture became almost solid. Ice was then added, 
id the caked product which separated was broken up, thoroughly 
ashed with hot water until the smell of butylchloral could no 
nger be detected, dried, and fractionally crystallised from acetic 
ad. The total yield of the two isomerides before separation was 
)Out 80% of the butylchloral taken. 

a^^Parabutyhhloral crystallises from boiling acetic acid (in which 
is moderately soluble) or from boiling alcohol (in which it is 
>aringly soluble) in compact, colourless, rhombic crystals, m. p. 
iO®, b. p. 255°/760 mm. (in the capillary tube) (Found : Cl, 60*6 ; 

", cryoscopic in benzene, 484. CJ2H15O3CI9 requires Cl, 60*66% ; 

", 526). Its behaviour on distillation under atmospheric pressure 
• in a vacuum resembles that of a-parachloral, 

Mr. W. R. C. Curjel, of Keble College, has kindly examined the 
ystals, and reports that they are orthorhombic (Pig. 2). The 
dal elements are a ; 6 : c = 0*8209 : 1 : 1*4460. The forms 

)served were c (001), b (010), m (110), r (101), and, less frequently, 

(111). Mean values for the interfacial angles are : 

no : ITO = 78° 46' 110 : 111 = 23° 35' 

no : 101 = 47° 46' 101 : 111 = 36° 24' 

001 : 101 = 60° 22' 

^-Parabutylchloral crystallises from boiling acetic acid or alcohol 
1 which it is considerably more soluble than the a-form) in 
asters of very small, colourless crystals (Found : Cl, 60*6% ; 

", 479), m. p. 157°, b. p. 233°/760 mm. (capiUary tube). In 
‘operties and behaviour on distillation it closely resembles the 
>lymerides already described. 

Preparation of Anhydrous ButylchloraL — ^In order to attempt the 
•eparation of a meta-polymeride, it was necessary to prepare 
ihydrous butylchloral from the hydrate. Neither the method of 
^illcox and Brunei {he, cit.)^ who used sulphiudc acid as dehydrating 
jent, nor that of Pinner (JSer., 1870, 3, 383), who distilled the 
;rdrate in a stream of dry hydrogen chloride, was found satisfactory, 
A suitable method is to distil the hydrate with about half its 
eight of acetic anhydride under a short fractionating column. A 
)nsiderable portion of acetic acid distils at 120 — 130°, and the 
lermometer then rises rapidly to 166° (the b. p. of butylchloral), at- 
hich it remains constant practically till the end of the disiallatiiip^! 
he fraction which distils at 166° is redistilled and dried in a 
ssiccator. The distilling apparatus should be thorough^#!^' 



2714 HEDGES AND HENLEY : THE EOEMATION OF LIESEGANQ 


and the receiver protected by a calcium chloride tube, to prevent 
re-formation of the hydrate. 

The anhydrous aldehyde is also conveniently prepared by dis- 
tilling the dry polymerides under ordinary pressure ; they need not 
be separated for this purpose, and are converted quantitatively into 
the unimolecular form. 

Action of hydrogen chloride. Since mono- and di-chloroacetalde- 
hyde are readily converted into meta-polymerides under the influence 
of hydrogen chloride (which also induces the formation of meta- 
chloral from chloral, though in this case it is much less effective than 
sulphuric acid), the prolonged action of hydrogen chloride in the 
cold on butylchloral was investigated. The chloral was saturated 
with the dry gas and sealed up, but no action occurred even on 
standing for a long period. A similar experiment was then carried 
out with butylchloral alcoholate (which absorbs more of the acid), 
the mixture being well cooled in order to avoid formation of the 
acetal (compare Freundler, Bull. Soc. chim., 1907, 1, 201), but no 
action occurred. 

Action of pyridine. Chloral is rapidly converted into metachloral 
in the presence of mol. of pyridine (Bdeseken, iSec. trav. chim., 
1913, 32, 112} ; 9 g. of butylchloral were therefore sealed up with 
04 g. of pyridine, the two liquids being readily miscible. After 
standing for 5 days, the liquid had turned dark brown, and 1*5 g. of 
a white solid had separated. This was filtered off and washed with 
a little cold alcohol and hydrochloric acid ; it proved to be a mixture 
of the two parabutylchlorals. 

The Queen’s C0LI4EGE Labobatoey, 

OxpoED. [Received, Jidy 315/, 1928.] 


CCCLX . — The Formation of Ldesegang Rings as a 
Periodic Coagulation Phenomencyn. 

By Eenest Sydney Hedges and Rosalind Venetia Henley. 

During the past 32 years, a vast amount of experimental work 
has been performed on the production of stratified precipitates ir^^ 
gels, and from this work there emerges the important fact that the 
phenomenon is of a general nature; indeed, it is probable that, 
given the right conditions, rhythmic banding of a precipitate can 
be formed from any pair of interacting salts. Most of the 
theories which have been advanced to account for the ’observed 
phenomena apply only to the particular case stmdied (see Hedges 
and Myers, *‘The Problem of Physicochemical Periodicity/’ 1926, 
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E. Arnold and Co.), but reference may be made to the four most 
important theories which are of general applicability, viz., those of 
Wilhelm Ostwald (“Lehrbuoh der aUgemeinen Chemie,” Leipzig, 
2nd edn., 1891, ii, 778), Bradford (BiocJiem. *7., 1916, 10, 169; 
1917, 11, 14), Dhar and Chatterji (Kolhid-Z,, 1922, 31, 15; 1926, 
37, 2), and Wo. Ostwald [ibid,, 1926, 36, 380). 

The reactions which give rise to these banded precipitates are 
often designated as “ rhythmic ’’ or ‘‘ periodic,” but there is 
nothing to suggest that the reaction-time curve is periodic, and it 
is therefore proposed to apply the term periodic structures ” to 
the cases imder discussion, and to restrict the term periodic 
reactions ” to chemical processes where it can be shown that the 
reaction velocity varies periodically. One of the aims of the present 
research has been to obtain evidence on this aspect of the matter 
by determining whether the bands of precipitate are formed primarily 
in the diffusing wave-front, or whether the banding is a secondary 
phenomenon occurring after formation of the substance. We 
believe that we have definitely established the truth of the latter 
view. 


Experimental. 

The System Silver Dichrmnate-Oelatin, 

When a large drop of 20% silver nitrate solution is placed on a 
10% gelatin gel containing 0-4% of potassium dichromate, it is 
generally observed that in the initial stages of diffusion ooncehtrio 
rings of precipitate are formed at the edge of the diffusing wave- 
front, and somewhat later the rings are surrounded by a pale yellow 
fringe. The fringe increases gradually in breadth, often to the 
extent of 1 cm. or more. 

By conducting the experiment in a test-tube, down the outside 
of which a thin strip of paper is pasted, and marking the positions 
of the extreme edge of the yellow fringe and of the last red ring 
after various time intervals, it can readily be shown that the rings 
are formed some distance behind the diffusing wave-front. These 
observations cannot be taken as evidence that the production of 
rings is a secondary effect, since the nature of the pale yellow 
fringe is not definitely known. Eriend (J., 1922, 121, 472) regards 
it as colloidal silver chromate, whereas according to Riegel and 
Reinhard (/. Physical Chem., 1927, 31, 713) it consists of silver 
chloride, formed by the sodium chloride present as an impurity 
in commercial gelatin. It is stated that no such haze is produced 
if the gelatin has previously been washed thoroughly. OuT absent 
ations support the view of Riegel and Reinhard, but we 
agree with them that the production of red rings of silver dioteoiijiate 
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is dependent on the substructure due to the chloride ; for we find 
that after the chloride in a gelatin sol has been completely pre- 
cipitated by dilute silver nitrate solution and the stirred liquid 
allowed to set to a structureless gel with addition of potassium 
dichromate, good rings are produced by allowing 20% silver nitrate 
solution to diffuse into the geL Further, if a drop of 20% silver 
nitrate solution be placed on the yellow fringe in the ordinary 
difEusion experiment, an independent ring system develops immedi- 
ately, which can bear no relation to the pre-existent substructure. 

Experiments to be described later have shown that when very 
dilute solutions of silver nitrate and potassium dichromate are 
mixed together in gelatin no precipitate is formed, the product 
apparently remaining in a colloidal state, protected by the gelatin. 
A considerable excess of silver laitrate causes coagulation of the 
colloid to a red precipitate. It seems unlikely, therefore, that 
silver dichromate is precipitated in the direct chemical reaction 
during the course of the formation of Liesegang rings, but rather 
that the first product of the reaction is colloidal silver dichromate, 
which is afterwards coagulated in rings by excess of the diffusing 
silver nitrate. 

An experiment was devised to separate the chemical reaction 
and the coagulation into two stages and to determine which stage 
is responsible for the periodicity. The method consisted in adding 
to the gelatin-potassium dichromate mixture an equivalent quantity 
of silver nitrate and, after the mixture had set to a gel, causing 20% 
silver nitrate solution to diffuse into it. To conduct this experi- 
ment, it does not suffice to add directly to the gelatin equivalent 
quantities of the two reactants, for the chlorides, etc., in the gelatin 
dispose of some of the silver nitrate preferentially, leaving some 
potassium dichromate free. It was necessary, therefore, to deter- 
mine the substances in the gelatin which could react preferentially 
with silver nitrate. This was done by igniting a weighed amount 
of gelatin and titrating the aqueous extract of the ash with silver 
nitrate in presence of potassium dichromate as an indicator. Since 
the composition of one gelatin leaf differs from that of another 
from the same source, a large amount of 10% gelatin sol was pre- 
pared and 25 c.c, were withdrawn for the analysis, which was thus 
performed on the same sol as that used for the experiments* The 
soL(25 c.o;) was evaporated to dryness in a platinum dish and 
finally heated over the blowpipe until the ash attained a constant* 
weight, which was 1*64% of the weight of dry gelatin. This amount 
of ash (0*0410 g. in 25 c.c.) was equivalent to 2*96 c.c. of 0*5% 
silver nitrate solution. . 

S^om these data, a sol of silver dichromate in 6% gelatin was 





Fig. 4. 
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made by mixing (a) 20 c.c. of 10% gelatin + 20 c.c. of 0*2871% 
potassium dichromate solution with (b) 20 c.c. of 10% gelatin + 
14*74 c.c. of 0*5% silver nitrate solution. After the mixture had 
set to a gel in a number of test-tubes, 20% silver nitrate solution 
was poured over the top : the resulting periodic structure due to 
coagulation is reproduced in Pig. 1. The bands are as well defined 
as those produced by chemical reaction, and, moreover, they are 
subject to the same peculiarities; for example, the bands in one 
tube formed a spiral. The silver dichromate was not coagulated by 
diffusing a saturated solution of potassium dichromate into the gel. 

In a second series, a 30% excess of silver nitrate was added to 
silver dichromate in gelatin. Bands were produced by diffusing 
20% silver nitrate solution into the mixture, but they were not 
so well marked as in the former case, a considerable amount of 
precipitation occurring in the spaces between the bands. In this 
system, bands were formed by the interdiffusion of a saturated 
solution of potassium dichromate, affording confirmation that there 
was excess of silver nitrate in the gel. 

The experiments indicate that the banding is not concerned with 
the chemical reaction, but is a secondary phenomenon occurring 
after the reaction. The two stages have been separated, the 
chemical reaction having been carried out first without periodic 
phenomena, and a stratified precipitate being produced in the 
second stage of coagulation by excess of silver nitrate. 

Measurement of the Critical OoTicentration of Silver Nitrate. 

The experiments described in this section were designed, not only 
to gain an idea of the critical concentration of silver nitrate necessary 
to coagulate silver dichromate under the conditions prevailing in 
the former experiments, but also to test the suggestion made by 
Hedges and Myers (op. dtp p. 27), that the formation of periodic 
structures may have its explanation in the periodic opacity phenom- 
enon of Holker (Proc. Boy. Soc., 1923, A, 102, 710). According 
to this author, the opacity of a precipitated colloid is in many 
oases a periodic function of the concentration of the precipitating 
electrolyte, and the suggestion was made (Hedges and Myers, op. 
cit.) that, since in the formation of a periodic structure the advancing 
diffusion wave is subject to a progressive dilution, a series of opacity 
bands is to be expected, corresponding TOth the peaks of Holker’s 
curves. If such be the case, one would expect that, when a series 
of test-tubes containing colloidal silver dichromate in gelatin fe 
treated with progressively increasing concentrations of silver nSteWftl" 
(each tube receiving a higher concentration than its pred4e#l8fi(5|^' 
then precipitation would occur in some tubes and not in 
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•he arrangeiji^iit being periodic throughout the series, but the 
jxperiments do not lend any support to this view. 

To each of a series of tubes containing 5 c.c. of silver nitrate 
lolution were added 5 c.c. of a sol prepared by mixing equal volumes 
)f 0*126% silver nitrate in 6% gelatin and 0*1433% potassium 
lichromate in 5% gelatin. Silver nitrate solutions were examined 
3 ver the concentration range 0*1% to 3*0%. All the solutions up 
>0 and including 0*29% silver nitrate remained a clear yellow after 
iddition of the silver dichromate-gelatin mixture, but a red pre- 
jipitate was produced in the 0*30% solution. A further series was 
sonduoted with twelve tubes in which the concentration was varied 
rom 0*288% to 0*299% at intervals of 0*001%. At first sight it 
seemed that there was actually a periodic change, produced by 
progressively increasing concentration. It appears, however, that 
3be production of precipitate in any one tube is fortuitous, depend- 
ng, for instance, on the nuclei provided by the tube and on the 
:ate of mixing. . The whole series was repeated three times in tubes 
which had previously been soaked thoroughly in a mixture of 
oitric and chromic acids. In these experiments there was a com- 
plete lack of correspondence in the behaviour of individual tubes : 
fchose concentrations which were the first to give a red precipitate 
in one experiment were the last to retain their yellow colour in the 
next. No reliance can be placed, therefore, on values of critical 
ooncentratioii measured in terms of less than 0*01%. The critical 
concentration required to coagulate colloidal silver dichromate 
under the conditions described may be taken as 0*29%. 

We believe that these observations offer a satisfactory explan- 
ation of the unpublished experiment performed by Holker and 
reported by Hedges and Myers (op. p. 27). 

The System Lead lodide-^Agwr, 

Periodic structures can readily be obtained by diffusing 30% 
lead nitrate solution into an agar gel containing potassium iodide 
(see Hatschek, “ Laboratory Manual of Colloid Chemistry,” 1925, 
p. 144). This system has been treated in the same manner as the 
preceding one, and it has again been shown that the chemical 
reaction can be carried out first, the bands being obtained subse- 
quently by coagulation. 

Equal volumes of 1% agar solutions containing 0*6% of potassium 
iodide and 0*6% of lead nitrate (equivalent weights) were mixed 
while hot and allowed to set in test-tubes. On cooling, the lead 
iodide did not separate, although its solubility in water was exceeded 
many times. However, when kept for some days, such gels gave a 
vellow deposit in patches on the side of the test-tube. 
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30% Lead nitrate solution was poured into the space above the 
gel in two tubes ; after 2 days, five successive discs had appeared 
in the tube. These discs did not reach to the walls of the tube, but 
were suspended in the gel ; the first two were sharply defined, and 
the remainder more diffuse ; the mean distance between the bands 
was about 1 cm., becoming greater with increasing depth in the tube. 

Diffusion of 20% potassium iodide solution into another tube 
gave a ring system comparable in every respect with that produced 
by chemical reaction. Within an hour, numerous fine bands were 
visible. It seems that in this instance either of the reactants serves 
as a coagulating agent, but potassium iodide is much more effective 
than lead nitrate. 

In order to eliminate any possible complications due to the 
concomitant production of potassium nitrate in making up the gel 
mixture, the experiments were repeated and extended in agar gels 
containing lead iodide in absence of other electrolytes. These were 
prepared by dissolving recrystallised lead iodide in 1% agar solution 
at 100®, and allowing it to cool. A few trials indicated that the 
cooled gel would hold as much as 0*2% of lead iodide, although the 
solubility in water at the ordinary temperature is only 0*04%. 

A number of test-tubes containing 1% agar gel with 0*2% lead 
iodide were treated with various diffusing agents. Periodic struc- 
tures, exactly similar to those described for gels prepared by the 
former method, were produced when 30% lead nitrate or 20% 
potassium iodide was the diffusing solution. An example of the 
bands produced when potassium iodide diffused into the gel is given 
in Fig. 2. 

Other solutions were allowed to diffuse into the above mixture 
and bands were observed in some cases; 20% silver nitrate, 20% 
sodium carbonate, and a saturated solution of mercuric chloride 
gave rings, but 30% aluminium sulphate, 20% cupric chloride, 
dilute nitric acid, and ammonia {d 0*880) gave none. 

The System Magnesium Hydroxide-Odaiin. 

The periodic structure produced when ammonia diffuses into a 
gelatin gel containing magnesium chloride has been described by 
Popp {Eolloid-Z.y 1926, 36, 208), and the system is unique in that 
it produces only a small number of sharply defined, relatively 
massive bands. 

For coagulation experiments, a 6*5% gelatin gel was used, con- 
taining 5% of crystallised magnesium chloride with an equivalent 
amount of ammonia. The magnesium hydroxide remained 
colloidal solution under these conditions. The mixture was ali4ji|H 
to set to a gel in test-tubes, and ammonia solution {d 0*88d)'^lMi 
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poured over each. After 4 days, the periodic structure portrayed 
in Kg. 3 was produced. These rings are comparable with those 
produced by direct diffusion of strong ammonia into gelatin con- 
taining magnesium chloride alone. The photograph was taken by 
transmitted light, and the white rings of magnesium hydroxide 
therefore appear dark and the clear spaces white. 

Chemical Analysis of the Periodic Structure, — The system magnes- 
ium hydroxide-gelatin lends itself admirably to investigation by 
means of chemical analysis, as a result of the macroscopic nature 
of the effect. Some analyses (for which no great accuracy is 
claimed) were therefore undertaken with this system, the object of 
the examination being solely to determine whether a very uneven 
distribution of material between the bands and spaces occurs, or 
whether these approximate to each other in composition. It has 
often been supposed that the actual amount of product in equal 
volumes of the bands and the clear spaces is in many cases nearly 
equal (compare Hatschek, British Association, Second Colloid Report^ 
1918), but the results of the present analysis show that the com- 
position of the bands differs widely from that of the clear space. 

According to Ostwald (Kolloid-Z,, 1925, 36, 380), Popp carried 
out some analyses of the system under discussion, and found the 
concentration of chlorine ions in the bands directly after formation 
to be almost double that in the original gel, but experimental details 
were not given. We reproduce our results, since they not only 
differ quantitatively from those of Popp, but are in the opposite 
sense. The divergence is probably to be explained by the fact 
that, whereas the determinations reported by Ostwald were made 
on new-born rings, those now given refer to the completed structure 
a w;eek or more old. The structures were prepared by diffusing 
ammonia {d 0-880) into 7*5% gelatin gel containing 6% of crystal- 
lised magnesium chloride. Such a concentration of gel was necessary 
to secure rigidity in cutting and handling, although Popp recom- 
mends a 3% gel for giving the best bands. 

The following device for removing the gels from the tubes was 
found eminently satisfactory. After excess of the diffusing liquid 
had been poured away, a groove was cut by means of a glass knife 
so as to encircle completely the tube near the lower, closed end. 
The end of the tube could be removed as a cap by applying a red- 
hot splinter of glass to the groove. The tube was then dipped for 
1 second into water at about 80®, which had the effect of loosening 
the gelatin adhering to the glass, and the entire structure could 
readily be blown out of the tube. All other methods of extricating 
the gels failed because of the strong adherence of gelatin to glass. 
Agar gels can conveniently be removed by cracking open the tubes. 
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The structures were cut up into bands and clear spaces by means 
of a safety-razor blade. 

The white bands were found to be fairly hard and relatively 
heavy (the density was about 1-7 times that of the clear space), 
and were readily detached in. the form of pastilles from the inter- 
vening gel spaces. Three bands and the two enclosed clear spaces 
were chosen for the analysis. In order to gain an indication of the 
distribution of material in equal volumes of band and space as well 
as in equal weights, the length of gel taken was measured in addition 
to the weight. The error of measurement of the length was great, 
however, and much more trust may be placed upon the results 
expressed per unit weight of gel. 

Determination of magnesivm. The method was to heat the gel 
gently in a platinum crucible until water had ceased to be driven 
off, and later over the blowpipe until a constant weight of magnesium 
oxide was obtained. In the meantime, the ammonium chloride 
volatilised. The weight of gelatin ash was subtracted from the 
total weight. Shght alterations due to differences in swelling, etc., 
may be disregarded. The results are summarised in the following 
table : 

Determination of MgO (structure 7 days old). 

Relative amounts 


Length 
of gel 
(mm.). 

Band 5 

Clear space 20 


Wt. of Wt. of 
gel (g.). MgO. 
1-47 0-046 

3-51 0-009 


G. of G. of 

MgO per MgO per 
mm. g. of gel. 
0*009 0-031 

0-00046 0-0026 


ut jirxj^v/, 

o* ..■.■■'IIN. 

per unit per unit 
vol. wt. 

20 13 

1 1 


Determination of chloride. The gel was made up to 100 c.c. by 
addition of dilute nitric acid. Direct titration with silver nitrate 
and potassium thiocyanate yielded poor results, as the end-point 
was changed by the presence of the gelatin. A method similar to 
that used for the determination of chlorides in blood was therefore 
adopted. The gelatin was precipitated by means of tungstic acid, 
and after jBltration, silver nitrate and nitric acid were added in 
excess, and portions of the solution were titrated with standardised 
potassium thiocyanate. A good end-point was obtained with the 
solution from the clear space, but that from the bands gave a poor 
end-point. The following table contains the results : 


Determination of chloride (structure 9 days old). 

Relative amounts 


Length 
of gel 
(mm.). 

Band ; 7 

Clear space 26 


Wt. of 
gel (g-)- 
1*543 
4-240 


G. of G. of 
Total cbloride chloride 
chloride, per mm. per g. gel. 
0-0060 0-00086 0-0039 

0-0S4 0-00207 0-0127 
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The analyses show that the amount of precipitate contained in 
the hands is 12 times as great as that present in an equal weight of 
clear space, whereas the chloride content of the bands is less than 
one-third of that of the clear space. The equivalent ratio, 
|Mg : CSl, is 14*0 : 1 in the bands, and 1 : 2*8 in the clear space. 

It may be observed that the total chloride in the gel is not 
equivalent to the total magnesium. The missing chloride was 
found in the diffusing solution standing above the gel, indicating 
that the soluble product, ammonium chloride, diffuses out of the 
gel and into the ammonia solution. Experiments were therefore 
conducted in which this outward diffusion was prevented by dis- 
solving in the diffusing ammonia solution sufficient ammonium 
chloride to give a concentration just equal to that produced in the 
gel by reaction. Excellent bands developed in these tubes, so 
that the outward diffusion of ammonium chloride is not essential 
to the production of the periodic structure, 

. Other experiments were carried out, in which equivalent solutions 
of magnesium chloride and ammonia were mixed in 7-6% gelatin, 
and water was placed over the gel, in order to see whether, with 
the outward diffusion of the ammonium chloride, the magnesium 
hydroxide would be precipitated in bands ; but no precipitate was 
formed. 

The ‘^diffusion-wave*’ theory of Wo. Ostwald (foe. cit.) is 
founded largely on observations on the magnesium hydroxide 
system. The theory is admitted to be applicable only to rhythmic 
structures produced by chemical reaction, and the existence of 
three diffusion waves (those of the two reacting substances and of 
the soluble product) is postulated. Since the work described in 
the present paper has shown that essentiall;^ similar structures can 
be produced after the chemical reaction is completed, it would 
seem that the theory is not very comprehensive. An instance 
where the diffusion-wave theory appears to fail completely is in 
the production of rhythmic structures by potassium iodide or lead 
nitrate diffusing into lead iodide in agar. Here, the greatest 
possible number of diffusion waves which can be set up is two, and 
yet the resulting structure does not differ from that produced as 
the result of chemical interaction of lead nitrate and potassium 
iodide. 

The Periodic Coagulation of Sols of Arsenious Sulphide and 
Ferric Hydroxide, 

As a corollary to the experiments on the production of periodic 
structures after the chemical reaction has been carried out, it 
should be possible to obtain such structures by simple diffusion of 
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a coagulating electrolyte into a sol contained in a gelatin or agar 
gel. Experiments have been conducted on these lines with sols of 
arsenious sulphide and of ferric hydroxide in agar gels. 

An arsenious sulphide sol was prepared by passing hydrogen sulph- 
ide into a solution containing 0*5 g. of sodium arsenite in 500 c.c. of 
water, and removing the excess of hydrogen sulphide by means of 
a stream of hydrogen. Three gels containing different amounts of 
arsenious sulphide were prepared. Gel 1 was made by miidng the 
arsenious sulphide sol with an equal volume of 2% agar sol ; Gel 2 
was prepared by diluting the arsenious sulphide to one-half of the 
original concentration with water, and mixing equal volumes of 
the diluted sol and 2% agar ; and in Gel 3 the arsenious sulphide 
sol was first diluted to one-fourth of its concentration and then 
mixed with an equal volume of 2% agar. The diffusing electrolyte 
was ferric chloride or aluminium sulphate at concentrations of 30, 
10, 5, and 1%, 

In these systems the process of diffusion was slow, and results of 
observations made after 20 days are given below. With ferric 
chloride as the diffusing agent, no bands were produced in Gel 3 
for any of the concentrations, Gel 2 produced poor bands, and 
Gel 1 good bands. The best results were obtained with 5 and 1% 
of ferric chloride. The formation of the bands, therefore, is favoured 
by a high concentration of colloid and a low concentration of 
electrolyte. As shown below, a still higher concentration of 
arsenious sulphide sol is unfavourable to band formation, suggesting 
that there is an optimum concentration. 

In transmitted light the periodic structure appeared as a number 
of dark bands across the test-tube, which were just discernible in 
reflected light by their deeper yellow colour. The spaces between 
the bands contained a considerable amount of arsenious sulphide. 

The most characteristic feature of these structures is the fact 
that the distance between successive bands decreases^ whereas iu 
most periodic structures the successive bands become more widely 
spaced throughout the diffusion. This fact agrees with the observ- 
ation that the mean distance between the bands is greater the 
more concentrated the diffusing solution, and is contrary to the 
usual observation. With 30% and 1% ferric chloride, the mean 
distances between the bands were respectively 9 mm. and 3 mm. 
One such instance of a periodic structure has been recorded (Davies, 
J, Amer, Chem. 1917, 39, 1312), which occurs in the pre- 
cipitation of mercury when mercurous nitrate diffuses into sodium 
formate contained in gelatin. 

The results were si^ar iu the experiments with 
sulphate as the coagulating agent. Bands were observed 
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Gel 1, and the best results were obtained in the tubes containing 
the lower concentrations of (Musing agent. The distance between 
successive bands decreased, and the spacing was wider the more 
concentrated the solution; 10% aluminium sulphate produced 
7 bands occupying 33 mm. along the tube, and 1% aluminium 
sulphate produced 6 bands occupying 20 mm. 

To ensure that these bands were really caused by coagulation of 
the arsenious sulphide sol, control experiments were conducted in 
which the solutions were allowed to (Muse into (a) 1% agar gel 
alone, (6) 1% agar contaicing sodium sulphide equal in amount to 
that prociuced together with arsenious sulphide in the sols discussed 
above. No bands were produced in any of these tubes. 

A further precaution was taken, in that the experiments were 
repeated with colloidal arsenious sulphide prepared in almost 
complete absence of electrolytes. 0*6 G. of arsenious oxide was 
added to boiHng water with two drops of 2.a/‘-so(3ium hydroxide 
to aid the dispersion. Dissolution occurred readily and hydrogen 
sulphide was passed through, the excess being removed by means 
of hydrogen. Two concentrations of sol were prepared; in the 
first, equal volumes of arsenious sulphide sol and 2% agar were 
mixed, and in the second the arsenious sulphide sol was diluted 
to one-half of its original concentration with water before being 
mixed with an equal volume of the agar sol. The diflhising agents 
were ferric chloride, aluminium sulphate, and magnesium chloride 
at concentrations of 10, 6, 1, and 0*5%. After 12 days, good bands 
had formed only in the more dilute sol, especially with ferric chloride 
at concentrations of 0*5 and 1%, The more concentrated sol gave 
zonal turbidities rather than definite bands, the best examples 
occurring with 10% magnesium chloride and 0*5% ferric chloride 
and aluminium sulphate. The decreasing distance between succes- 
sive bands was again noticed in these systems. 

Some expei'iments of the same type were carried out on undialysed 
sols of ferric hydroxide, prepared by the ammonium carbonate 
method (Hatschek, “ Laboratory Manual of Colloid Chemistry,” 
1925, p. 46). Three concentrations of sol were used, the original 
concentration being diluted 10, 20, and 40 times respectively. The 
gels were prepared by mixing equal volumes of the sols with 2% 
agar and allowing them to set. The coagulating electrolytes used 
were 30% and 10% sodium sulphate, 20% and 5% sodium arsenite, 
and 20% and 5% ammonium carbonate. After 13 days, periodic 
structures had appeared only in the tubes containing the sol of 
middle concentration, bande(i turbidities being -produced when the 
coagulating electrotyte was 20% or 5% sodium arsenite or 5% 
ammonium carbonate. In the tube containing 5% sodium arsenitei 
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the distances between successive bands were 16, 12, 10, 9, and 
7 mm., a decrease again being apparent. With 20% sodium 
arsenite the bands made their first appearance about half-way 
down the tube, showing that in this case also a dilute coagulating 
agent is favourable. 

Anomalous Structures. 

Many investigators of the Liesegang phenomenon have com- 
mented on the mal-formations sometimes produced. In many 
cases these are due to lack of homogeneity of the gel or of some 
other component of the system. It was found in the present work, 
for example, that deformed rings of magnesium hydroxide were 
produced when a crystal of ammonium chloride was dropped into 
the gel containing magnesium chloride. Some experiments in 
which 30% lead nitrate diffused into 2% potassium iodide con- 
tained in an agar gel produced rings in twins. In another experi- 
ment, equal volumes of 2% agar and 6% magnesium chloride were 
mixed in a test-tube and allowed to set ; when ammonia (d 0*880) 
diffused in, a spiral structure of magnesium hydroxide was formed. 
It was observed that spiral precipitation was not caused directly 
by helicoid diffusion, but that layers of precipitate reaching half- 
way across the test-tube were formed alternately on opposite sides, 
and at different levels ; later, these joined to form a spiral. When 
the bands became more than about 1 cm. apart, they no longer 
joined up. This effect may be caused by temperature difference 
due to the exposure of one side of the tube to a draught. 

An extreme case of this anomaly was observed in the reverse 
experiment, in which 60% magnesium chloride solution diffused 
into a mixture of equal volumes of 2% agar and ammonia containing 
64 c.c. (d 0-880) in 100 c.c.; the first band consisted of a thin 
disc suspended in the agar, a short way below the surface, which 
did not reach to the sides of the tube \ it was closely followed by 
an annulus, the space in the middle corresponding with the disc 
above, as though the disc had thrown its shadow on to the second 
band. The ring was succeeded by another disc which in its turn 
was followed by a corresponding ring. The discs and rings were 
too close together to be photographed, but a similar experiment in 
which gelatin was used instead of agar is shown in Fig. 4. The 
disc consisted of a thick, firm pastille, and was separated some 
distance from its corresponding ring. The gelatin melted during a 
warm week-end, before any further discs and rings had formed. 
This type of structure may be caused by the unequal rate bf 
setting of the gel in the middle and near the walls 
tube. ‘ ' 
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Summary, 

The production of periodic structures of silver dichromate and 
of magnesium hydroxide in gelatin, and also of lead iodide in agar, 
has been studied. In each case, by mixing equivalent quantities 
of the reactants in the gel, and then superimposing a strong solution 
of the diffnaing electrolyte, it has been possible to separate the 
chemical reaction from the formation of precipitate. Since the 
rings produced in these experiments are comparable with those 
produced by chemical reaction, it follows that the formation of 
periodic structures is a coagulation phenomenon taking place after 
the chemical reaction. Periodic structures are to be distinguished, 
therefore, from periodic reactions. 

The critical concentration of silver nitrate required to coagulate 
colloidal silver dichromate has been measured, and the results are 
discussed in connexion with Holker’s periodic precipitation experi- 
ments. 

A chemical analysis of a periodic structure of magnesium hydroxide 
in gelatin has been conducted, and the results show that the ratio 
of magnesium hydroxide contained in the bands to that in the 
clear spaces is about 12 ; 1 ; the corresponding ratio for ammonium 
chloride is about 1 : 3. 

Periodic coagulation of sols of arsenious sulphide has been 
effected by diffusing solutions of ferric chloride and aluminium 
sulphate into the sol contained in 1% agar gel, and similar results 
have been obtained in the coagulation of colloidal ferric hydroxide 
by sodium arsenite and by ammonium carbonate. In these cases, 
there is an optimum concentration of colloid, and band formation 
is favoured by a dilute diffusing electrolyte. 

We are indebted to Professor J. F. Spencer for affording research 
facilities to one of us (R. V. H.). 

BEuroBD College (University or London), 

Regent’s Park, N.W. 1. lEeceived, July l^th, 1928.] 


CCCLXI. — Go-^ordination Gom'pounds of Quinquevale^it 
Molybdenum : Complex Thiocyanates. 

By Robert Gilbert James and William Wardlaw. 

One of the most sensitive methods for the detection and estimation 
of small amounts of molybdenum is the so-called potassium thio- 
cyanate reaction, based on the observation of Braun {Z, anal. Chem., 
1863, 2, 36 ; 1867, 6, 86) that a mineral acid solution of molybdenum 
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trioxide containing an alkali thiocyanate turns a deep red on the 
addition of a reducing agent such as zinc or stannous chloride. 
Even at the present time the constitution of the substance respon- 
sible for the red coloration is not known with certainty. It can, 
however, be almost quantitatively extracted from its aqueous solu- 
tion by ether. Addition of pyridine or quinoline to the ethereal 
extract gives dark red oils which, on standing, or boiling with 
alcohol, yield brownish-red crystalline substances to which the 
formula R2Mo(OH)2(CNS)3, where R = C5H5N or C9H7N, was 
assigned (Rosenheim and Koss, Z. anorg. Chem., 1906, 49, 148; 
Sand and. Burger, Ber., 1906, 39, 1761). 

A more rational formulation on the basis of Werner’s theory 
would be R2 [Mo 02(CNS)3], where R = CgHeNT or C^HglT, which 
suggests that possibly the red colour in the ethereal solution is due to 
the complex acid H2[Mo02(CNS)3]. The isolation of this acid was 
attempted by Rosenheim and Koss (Zoc. cit), who produced a deep 
red solution by boiling molybdenum trioxide with thiocyanic acid 
(10%) under reflux, and obtained from the filtrate by evaporation 
an almost black, hygroscopic residue of variable composition, but 
probably chiefly containing Mo(OH)2(CNS)3 (Abegg, Handbuch,” 
IV, 1, p. 641). By dissolving the pyridinium salt 
(C3HeN)2[Mo02(CNS)3] 

in thiocyanic acid, Rosenheim and Koss obtained insoluble, dark 
green, rhombic crystals to which they gave the composition 
Mo(OH) 2(CNS)5H2(05 HsN) 2, which is better written as 
( 05 HeN) 2 [MoO( 0 NS) 5 ],H 2 O. 

As the above summary indicates, our knowledge concerning thio- 
cyanates of quinquevalent molybdenum is stiQ far from complete, 
and in view of their interest in both analytical and theoretical 
ehemistry, further investigation seemed desirable. 

Salts of the Type R2[Mo02(CNS)3]. — ^In the present investigation, 
the above method for the preparation of the complex pyridinium and 
quinolinium salts has been discarded m favour of the reaction between 
ammonium thiocyanate and salts of the type R2[MoOCl5] ; Sand and 
Burger {loc. cit.) mentioned this method but gave no experimental 
details. In a previous communication (J., 1927, 2145) the prepar- 
ation and properties of the green crystalline salts R2[MoOCl5] were 
described, and it was shown from physico-chemical data that such 
salts undergo extensive decomposition in aqueous solution. Qualit- 
ative evidence of this decomposition is seen in the fact that these 
green salts dissolve in water giving brown acidic solutions from 
which it is impossible satisfactorily to obtain the original salt 13^ 
recrystallisation. It is not unexpected, therefore, that in aqu^^^-^ 
solution the reaction between ammonium thiocyanate and 
4x 
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salts of the type ^oes not give products in accordance 

with the equation : SNH^CNS + RaEMoOOlg] = R2[MoO(CNS)53+ 
SNBifil, but yields instead insoluble substances of the type 
R2 [Mo 02{CNS)3 ], As shown later, salts of the type R2[MoO(CNS)5] 
can only be produced in presence of excess of thiocyanic acid. 

The formation of the compounds R2[Mo02(CNS)3] is additional 
evidence for the scheme of ionisation and hydrolysis mentioned in 
our previous communication : 

RgEMoOClg] + H2O =?=±: R[MoOCl4,H20] + RCl . (1) 

R[]VIoOCl4,H20] + H2O [MoOCl3,2H20] + RCl . (2) 

[Mo0Cl3,2H20] + HgO ^ [Mo0(0H)Cl2,2H20] + HCl (3) 
[Mo0(0H}CL>,2H20] + H 2 O [Mo 0(0H)201,2H2O] + HCl 

[Mo 02C1,3H20] + HCl . . (4) 

[Mo02C1,3H20] + H 2 O ^ [Mo 020H,3H20] + HCl . (5) 

When stage (4) is reached, in all probability the reaction in the 
presence of ammonium thiocyanate takes the following course : 

[Mo02C1,3H20] + NH 4 CNS— > [Mo02CNS,3H2C] + NH 4CI 
2RC1 + 2NH4CNS — 2RCNS + 2NH4CI 

2RCNS + [Mo 02CNS,3H20] — ^ R2[Mo02(CNS)3] + 3H2O 

In this way complex thiocyanates, where R = C9H5N, CgHgN, or 
Ti' (ous), have been prepared. 

The reaction between aqueous solutions of (NH4)2[MoOCl5] and 
ammonium thiocyanate may be expressed as follows : 

[NH4]2[MoOCl5] + 4H2 O ^ [Mo02C1,3H20] + 2NH4CI+ 2HC1 

2HC1 + MoOgCl + 3NH4CNS H2 [Mo 02(CNS)3] + 3NH4CI. 

The dihydTogen molybdenum dioxytritMocyanate has been thus pre- 
pared. It is extremely deliquescent, and exhibits a green lustre. A 
concentrated aqueous solution is purple-red, but on further dilution 
becomes red, orange, and finally yellow. The concentrated solutions 
yield purple precipitates with nitrates of silver and thallium, but the 
dilute yellow solutions give almost white precipitates consisting 
chiefly of thallous or silver thiocyanate. These reactions indicate 
that whilst in concentrated aqueous solution a complex acid is 
present, on dflution the complex anion undergoes hydrolysis and 
further ionisation. 

Salts of the Type E4[Mo203(CN‘S}8]. — ^In view of the production 
of salts of the foregoing type, it was interesting to discover that 
when the green salts [(CH3)3NH]2MoOOl5 and [(CH3)4N]2MoOa5 
reacted with ammonium thiocyanate, the products were not reddish- 
brow’ii compounds like the pyridinium and quinolinium derivatives 
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of the type R2[Mo02(CNS)3], but purple crystalline svJbstances of the 
empirical formida R4[Mo203(CNS)3]. These octathiocyanates may 
be conveniently considered as bridge compounds having the con- 
stitution 



The basis for such a configuration will be demonstrated later. 

Salts of the Tyj^e R2[MoO(CNS)5]. — ^Rosenheim andKoss (toe. cit.), 
who first discovered this series, describe the preparation of the 
one known derivative as follows : “ When (C5H5N)2Mo(OH)2(CNS)3 
is dissolved in thiocyanic acid, or pyridinium thiocyanate is added 
directly to a solution of molybdic acid in aqueous thiocyanic acid, 
black, glittering, rhombic needles are obtained which are decomposed 
by water and dissolve in alcohol and in chloroform with a deep 
red colour.” The composition (C5H5N)2H2Mo(OH)2(CNS)5 was 
ascribed to the crystals. 

The above method was investigated, and after a suitable way of 
preparing thiocyanic acid had been established, a pyridinium com- 
pound was obtained of the composition (C5HeN)2[MoO(CNS)5]. 

Quinolinium, tetramethyl- and trimethyl-amimnium salts of this 
type were also isolated, entirely analogous in formulation to the 
green complex chlorides RgpMEoOClg]. In their properties, however, 
salts of the two series exhibited marked contrasts; whilst the chlorides 
readily dissolved in water with considerable decomposition (the 
probable cause of their high solubility), the corresponding black 
thiocyanates were almost insoluble. In carefully dried alcohol the 
thiocyanates dissolved very readily, whereas the corresponding 
complex chlorides were almost insoluble in the cold. The formation 
of pentathiooyanates by the method described above takes place 
as follows : 

[MoOa(CNS)3]R2 + 2HCNS = [MoO(CNS)5]R2 + HgO. 

They can also be prepared by addition of the green chlorides to a 
boiling solution of thiocyanic acid, the thiocyanate crystallising 
immediately on cooling : 

RaLMoOCy + 6HCNS R2[MoO(CNS)5] + 5HCL 

This is a reversible reaction, for by treating the thiocyanate with 
hot concentrated hydrochloric acid, it is possible to obtain the 
pentachloride. 

The preparation of the ditrimethylammonium and ditetrametjayl-^ 
annnonium members of the pentathiocyanate series involvei^^i^l^ 
action of thiocyanic acid on the corresponding octathiooy«i«Will|^ 
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and is therefore of special interest. The reaction can be represented 
^ follows : 



ONS 


(CNS)3j 


+ 2 HCNS 



+ H3O 


and also seems to indicate that the octathiocyanates possess a 
symmetrical structnre. 


The Co-ordination Number of Oxygen. 

In a previous' communication (J,, 1927 , 1087 ) it was mentioned 
that oxygen, contrary to the view of Werner, did not always occupy 
only one position in the co-ordination sphere, but that cases did arise 
in which this bivalent atom must be assigned two positions. A 
possible illustration of this fact is afforded by the co-ordination 
compounds of quinquevalent molybdenum. In the complex salts 
E2EM0OCI5] and R2 [^oO{CNS) 53, with oxygen occupying only one 
position in the co-ordination sphere, the molybdenum has a co- 
ordination number of six. With related complex substances of the 
type R2p^®02(^^S)3] Werner’s conclusions would lead to the 
molybdenum atom being assigned a co-ordination number of five. 
However, by the action of thiocyanic acid it is a simple matter 
to transform a salt of the type jR2[Mo02(CNS)3] into the type 
R2 [MoO(C 1TS)5], where the molybdenum atom has a co-ordination 
number of six. It seems questionable whether this reaction involves 
the change of a five-point into a six-point system, and a more 
rational formulation would be to assign in both oases a cp-ordination 
number of six to the molybdenum atom. It would then be neces- 
sary to consider one oxygen as occupying one position, and the 
other two positions, in the co-ordination sphere. 

0 O 




Such a configuration clearly demonstrates why one oxygen is 
reactive, and the other is not. It is also a matter of interest to find 
that neither in the case of the complex chlorides ndr in 
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that of the corresponding thiocyanates R 2 [MoO(CNS)g] can the 
oxygen atom be displaced by the highest concentration of acid with 
the formation of such salts as RglMoCly] or EipMEoClj]. 

It must be noted, however, that salts of the type E2[Mo02(C]!fS)3] 

may be represented as 

In a previous communication the importance of the effective 
atomic number of the molybdenum atom in detemadning the 
stability of its complex salts was emphasised. With the spatial 
configuration shown in the above diagram it will be seen that in 
salts of the type R 2 [MoO(CNS)b] and B 2 [Mo 02 (ClTS) 8 ] the effective 
atomic number is 49. It is not surprising, therefore, that in aqueous 
solution these salts exhibit instability, in marked contrast to the 
great stability of the series Er 4 M!o(ON) 8 , where the effective atomic 
number of the central atom is 6^— that of the next inert gas. 

Expekimental. 

Compounds of the Type E2[Mo02(CNS)3]. 

The green salts of the type EglMoOClg] used in the following 
preparations were made by methods already detailed (J., 1927, 
214S). 

Dipyridinium Molybdenum Dioxytrithioeyanate, — 10 C.o. of warm 
ammomum thiocyanate solution (containing 2‘3 g.) were added to 
30 0 . 0 . a warm, constantly stirred solution containing 4*5 g. of 
the salt (OgH^) 2 [MoOOl 3 ]. The bright reddish>brown cnystals 
thus precipitated were washed with cold water and dried over 
phoi^oiic oxide in a vacuum. The compound melted at 181°, was 
soluble in acetone, and dissolved in boiling alcohol, giving a deep red 
solution. 

Ancdysis. A hot ammoniaoal solution of the substance was 
oxidised with hydrogen peroxide, and the molybdenum precipitated 
as sulphide (J., 1924, 125, 1911), ignited, and weighed as the trioxide. 
The thiocyanate radical was determined by precipitation as silver 
thiocyanate from a cold, very dilute solution of the complex salt 
acidified with nitric acid. Nitrogen was estimated by Dumas’s 
method (Found : Mo, 20*8; CNS, 37-6; N, 16*1; 0,33-9; H, 3*0. 
Calc, for (C5H3N)2 [Mo 02(C!NS)3] : Mo, 20-8; CNS, 37-7; N, 16-2; 
C, 33*8; H, 2*6%). 

BiqumoUnium Molybdemm Dioxytrithiocyamte, — ^26 O.c, of a 
sedation containing 6*6 g. of the salt ( 03 HgN) 2 pdoOClB],H 2 O were 
slowly poured with constant stirring into 15 c.o, of a warm, aqueous 
ammoiQum thiocyanate solution (containmg 2*3 g.). This tneitod 
gave a high yield of hro^mish-red crystals, which were wilshedj<i|||i ' 
dried aa previously described; they dissolved in boiling ttloeili^i,^t 
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were almost insoluble in water (Found; Mo, 17-1; CNS, 31'0; 
N, 12-6; C, 44-7; H, 3-36. Calc, for (CeHsN)2[Mo02(CNS)3] : 
Mo, 17-1; CNS, 31-0; N, 12-5; C,44-8; H, 2-85%). 

Apart from their low solubility in water, the above-mentioned 
brownish-red complex thiocyanates closely resemble 

the copper-red pyridinium molybdenum dioxydichloride, 
C5H3lf[Mo02Cl2,H20], 

previously described by the present authors (!!oc. cit.). Alcoholic 
hydrogen chloride converts all these red salts to the corresponding 
green complex chlorides E 2 [MoOCl 5 ], whilst on standing, their 
dilute aqueous solutions deposit light brown insoluble precipitates. 

Treatment of C5H3NpM[o02Cl2,H20] with ammonium thiocyanate, 
in an attempt to prepare C 5 H 3 N[Mo 02 (CNS) 2 ,H 20 ], resulted in 
brownish-red crystals containing a high proportion of 
(C5HeN)2[Mo02(CNS)3]. 

Dihydrogen Molybdenum Dioxytrithiocyamie, — ^Hitherto no 
metallic salts of the type R 2 [M^o 02 (CNS) 3 ] have been prepared. 
However, the addition of thallous or silver nitrate solution to a 
concentrated purple-red, aqueous solution of what is probably the 
complex acid H2[Mo02(CNS)3] gave rich purple precipitates. It 
proved extremely dMcult to prepare pure specimens of these 
insoluble salts, owing to the simultaneous precipitation of thallous 
or silver thiocyanate, or even chloride. It seemed desirable, there- 
fore, to find a method of preparing the acid, free from impurities, 
and also to attempt to determine its composition and constitution. 
The following method proved very satisfactory for the preparation 
of dihydrogen molybdenum dioxytrithiocyanate : To 16 c.c, of a solution 
of ammonium thiocyanate (4*6 g.) at 40® contained m a tap-funnel 
in an atmosphere of nitrogen, there were added 6-5 g. of the salt 
(NH 4 ) 2 [MoOCl 5 ], dissolved in 26 c.c. of warm water. The deep 
purple-red solution thus produced was agitated with 160 c.c. of ether, 
and the aqueous layer drawn off as completely as possible. About 
2 c.c. of water were added to the ethereal extract remaming in the 
funnel, the mixture was agitated, and the aqueous layer completely 
withdrawn. By pressure of nitrogen, the ethereal solution was 
filtered into a flask which was evacuated to remove the ether. The 
product was a deep purple-red oil. The evacuated flask was heated 
on a water-bath, and the purple-red oil converted mto an almost 
black solid which was kept in a vacuum over, phosphoric oxide 
and solid potassium hydroxide (Found: Mo, 27-7; CHS, 62-6, 
Mo ; GNS = 1 : 3*13. H2[^o02(CNS)3],2H20 requires Mo, 28*2 ; 
CNS, 61*2%). A solid of similar composition was obtained by keep- 
ing the oil for a long time over concentrated sulphuric acid.^ 

In a modification of this method in which the flask containing the 
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solidified oil was connected with another flask containing con- 
centrated sulphuric acid and the whole kept as highly evacuated as 
possible for a day, the solid anhydrous acid was obtained (Found : 
Mo, 31-2; CNS, 55-3; N, 14-3; Mo : CNS :N = 1 : 2*93 : 3-13. 
H2 [Mo 02(CNS)3] requires Mo, 31*6; CNS, 57-2; N, 13*8%). 

Preparation of DithaUous Molybdenum Dioxytrithiocyanate, — The 
purple-red oil obtained as described above was mixed with 50 c.c. of 
water (the total volume of the mixture being ca. 66 c.c.), the solution 
warmed to 30% and poured slowly with constant stirring into 60 c.c. 
of a saturated solution of thallous nitrate at 30°. The bluish- 
purple precipitate after being washed with water was dried in a 
vacuum over phosphoric oxide. 

Amlysis, To a weighed amount of the substance mixed with 
water, concentrated hydrochloric acid was added immediately with 
stirring, whereby the complex salt was partly decomposed with 
liberation of the free acid. The solution was now boiled to complete 
the decomposition of the salt. Some thallous chloride was pre- 
cipitated, but with further dilution and boiling the precipitated 
chloride was wholly dissolved. To this boiling solution a slight 
excess of potassium iodide solution was added, and the precipitated 
thallium iodide was washed with very dilute potassium iodide solu- 
tion, and finally with aqueous alcohol, and dried at 130 — 140°. The 
filtrate and washings were raised to boiling, treated with hydrogen 
peroxide, and the liberated iodine was boiled off. The resulting solu- 
tion was made ammoniaoal, boiled, and oxidised with more hydrogen 
peroxide until colourless, the molybdenum then being determined in 
the usual way (Found, for two samples : Mo, 134, 13*1 ; H, 66-9, 
56-6; CNS, 24-0, 26*0; N, 6-0, 6*0, TL[Mo02(CNS)o,HoO] requires 
Mo, 13*2; Tl, 66-0; CNS, 23-9; N, 6-8%). 

The composition of this thallium salt varied slightly with vaiiations 
in the method of preparation. For example, it is essential to pour 
the warmed purple-red solution of the complex acid into the thallium 
nitrate solution, and not vice versa. Moreover, the preparation of 
the purple-red solution must be carefully carried out in order to 
avoid oxidation or contamination with thiooyanic or hydroclilorio 
acid. 

Salts of the Type E 4 [Mo 203 (CNS) 3 ]. 

The preparations of the three substituted ammonium molybdenyl 
pentachlorides used below are described later (p. 2737). 

Tetra-irimethylammonium Dimolybdenum Trioxyoctathiocyanate . — 
A solution of 4 g. of [(CH3)3NH]2[MoOCl5],H20 in 10 c.c. of water 
was poured into 10 c.c. of a warm,* constantly stirred, aqueo^ 
solution of ammonium thiocyanate (3*1 g.). The copious 
crystalline precipitate was washed with water and dried in a 
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over phosphoric oxide (Found : Mo, 20-3, 20*35 ; CNS, 49*1 ; 
N, 17*9; C, 25*2; H, 4*25. [(CH 3 ) 3 NH] 4 [Mo 203 (CNS) 8 ] requires 
Mo, 20*3; CNS, 49*2; N, 17-8; 0,25*4; H, 4*24%); it exhibits a 
green lustre and leaves a bluish-purple streak on unglazed porcelain. 
It is sparingly soluble in cold water, but more soluble in hot, owing 
to hydrolysis. Concentrated solutions are purple, but on dilution 
turn blood-red, then orange, and finally bright yellow. An interest- 
ing reaction of this complex thiocyanate is its decomposition with 
thallous nitrate : To a warm, blood-red, saturated solution of the 
octathiocyanate, there was added, drop by drop, a saturated aqueous 
solution of thallous nitrate. A purple or reddish-purple precipitate 
was obtained if care was taken to add insufficient thallous nitrate 
for complete precipitation, which was shown by the supernatant 
liquid remaining reddish-orange. After washing and drying in a 
vacuum over phosphoric oxide, this precipitate gave Mo, 12*8 ; Tl, 
68*1 ; CITS, 24*1 ; Tl : CNS = 2 : 2*93, showing it to be an impure 
specimen of Tl2[Mo02(CITS)3,H20]. The isolation of this thallium 
derivative indicates that the octathiocyanate imdergoes hydrolysis 
in solution in such a way as to indicate a symmetrical structure for 
the octathiocyanate 




2R2[MoO*OH(CNS)J 


2R2[Mo02(CNS)3] + 2HCNS. 


The action of tbiocyanic acid on the octathiocyanate furnishes 
additional evidence in favour of the above configuration. 

Tetra4etra7nethyhmmonium Dimolybdenum TrioxyoctatMocyanoite* 
— ^Into 10 c.c, of a warm aqueous solution of ammonium thiocyanate 
(2*8 g.), there were slowly poured with constant stirring 10 c.c. of a 
solution containing 4 g. of [(CH 3 ) 4 N] 2 MoOCl 5 . An excellent yield 
of a magenta salt was obtained, which was washed with water and 
dried in a vacuum over phosphoric oxide (Found : Mo, 19*3 ; CNS, 
46*6; IT, 16*9; C, 28*7; H, 4*92. [(CH3)4N]4[Mo203(CNS)8] 
requires Mo, 19*2; CNS, 46*5; N, 16*8; C, 28*8; H, 4*80%). On 
standing, the filtrate deposited bluish-purple crystals, exhibiting a 
green lustre, which had the same empirical composition as the first 
yield ^ound; Mo, 19*26; ONS, 46*6; IT, 16*6%). The properties 
of this second complex octathiocyanate resemble those of the 
trimethylammonium analogue. 

In order to determine whether a similar octathiocyanate could 
be obtained with the diethylammomum derivative, the salt 
[(G 2 H 5 ) 2 NH 2 ]^oOCl 5 was prepared, and its reaction with ammoniuni 
thiocyanate studied. It was found that an oil resulted from which 
no crystalline substance could be isolated. 
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Tetrapyridinium Dimolybdenum Trioot^ysulphatohexathiocyaTiate , — 
By treating tlie reddish-brown thiocyanate, previously formulated as 
(C5H5N)2Mo{OH)2(CISrS)3, with sulphuric acid, Sand and Burger 
{he, cit,) obtained from the resulting deep purple-red solution dark 
green needles, to which they assigned the formula 

Mo(OH)(S 04 )*(CNS) 3 (C 5 H 5 N) 2 , 
basing their deductions on the following analysis : 


Mo. N. Totals. SasS 04 . 

Calc 19*47 14*19 22*72 3*25 

Found ; 19*17 13*66 23*01 3*01 


By repeating this experiment, with slight modifications, we have 
isolated a purple compound which appears to have the configuration 



in which a relationship to the octathiocyanates 

is readily apparent. Although the colour of this substance differs 
from that of the salt obtained by Sand and Burger, the two com- 
pounds are probably identical, for the analytical figures obtained by 
Sand and Burger for their substance agree very closely with those 
demanded by the formula ascribed to the purple compound. 

Preparatim, 9*Q G. of (G5H3Nr)2[MoOCl5] m 40 c.c, of water 
were added to 25 c.c. of a warm solution containing ammonium 
thiocyanate (4"6 g.), and the precipitated thiocyanate 
(05HeN)2[Mo02(.CNS)3] 

was dried, finely powdered, and treated with 150 c.c. of sulphuric 
acid (SN), On warmmg, a deep red solution resulted, and crystals 
gradually appeared on the surface of the liquid. Further warming 
caused the crystals to revert to a black oil, which later began to 
bubble. At this stage the well-shaken mixture was rapidly filtered, 
and the filtrate cooled, finally by ice-cold waters The crystals 
•obtained were washed with sulphuric acid (5N), then with absolute 
:alcohol, and finally dried in a vacuum over calcium chloride (Found : 
Mo, 19*1; CNS, 35*0; N, 13-9; SO4, 9-72; C, 3M; H, 2*60. 
Calc, for 4D3HeN)4[Mo203{S04)(CNS)e]: Mo, 19-1; CNS, 34*7; N, 
13*9; SO4, 9*56; 0, 31-1; H, 2*39%). 

Properties, The bright purple crystalline compound was almost 
anscfiuble in alcohol, and sparingly soluble m cold water, but on 
continued contact the crystals slowly dissolved, producing a bjcopij 
isolution changing to yellow on dilution. If the action of 
acid was continued beyond the stage specified above, dark 
4x2 
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crystalline substances were produced (Found : Mo : N = 1 : 9 and 
Mo : CNS : IT = 1 : 2 : 4). It appears probable that in these com- 
pounds some of the thiocyanate groups in the original purple salt 
have been replaced by sulphate equivalents. 

Inconclusive results were obtained from the action of hydrochloric 
acid on {C 5 HgN) 2 [Mo 02 (CNS) 3 ] and of sulphuric and hydrochloric 
acids on (C 9 H 8 N) 2 [Mo 02 (CNS) 3 ]. 

SaUs of the Type R 2 [MoO(CNS)s]. 

Thiocyanic Acid Solution. — ^To 200 c.c. of a well-cooled solution of 
potassium thiocyanate (100 g.), 180 c.c. of sulphuric acid {^N) were 
slowly added with constant stirring, and the mixture was distilled in a 
vacuum, the distillate {ca. 200 c.c.) being collected in a well-cooled 
receiver. As a yellow substance separates on standing or prolonged 
boiliag, freshly distilled acid was used in the following experiments. 

Dipyridinium Molybdenyl Pentathiocyanate. — Dipyridinium molyb- 
denum dioxytrithiocyanate (4-0 g.) was added to 150 c.c. of boiling 
thiocyanic acid, the solution rapidly filtered, and the filtrate cooled 
in ice. The crystals obtained were washed with cold thiocyanic acid 
solution, and dried in a vacuum over solid potassium hydroxide 
and phosphoric oxide. The compound was greenish-black in 
colour, and made a red mark on unglazed porcelain (Found : Mo, 
17-1 ; CNS, 51-7 ; IT, 17-4 ; C, 31-8 ; H, 2*28. (C5H6N)2[MoO(CNS)5] 
requires Mo, 17-1; CNS, 5b7; N, 17-4; 0,32-0; H, 2-14%). 

Diquinolinkim Molybdenyl Pentathiocyanate. — ^This was prepared 
as above from the corresponding diquinolinium salt (6-0 g.) and 
thiocyanic acid (180 c.c.), greenish-black crystals being obtained 
(Found: Mo, 14-5; N, 14-9; 0, 41-7; H, 2-49. 

(CgH8lT)2[MoO(ClTS)5] . 
requires Mo, 14-5; N, 14-8; C, 41-7; H, 2-42%). 

DUrimethylammonium Molybdenyl Pentathiocyanate. — ^Tetratri- 
methylammonium dimolybdenum trioxyoctathiocyanate, prepared 
from 4 g. of [{CH3)3NH]2[Mo0Cl3],H20, was treated as before with 
75 c.c. of thiocyanic acid solution and yielded greenish-black 
crystals of the required compound (Pound : Mo, 18-5 ; CNS, 55-7 ; 
N, 18-8; C, 25-1; H, 4-03. [(CH 3 ) 3 NH] 2 [MoO(CNS} 5 ] requires 
Mo, 18-4; CNS, 55-6; N, 18-8; C, 25-26; H, 3-83%). 

Molybdenyl PerMhiocyanate. — 3-0 G. of 
[{GH 3 } 4 N] 2 MoOCl 5 were converted into the octathiocyanate. The 
&iely powdered product was treated with thiocyanic acid (100 c.c.), 
whereupon reddish-brown crystals separated, which w^ere very 
sparingly soluble in water, but more soluble in alcohol and chlorofonn 
(Found : Mo, 16-96; N, 17-34; C, 27-75; H, 4-59. 

[(CH3),N]2[MoO(CNS)5],H20 
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requires Mo, 16-89; N, 17-26; C, 27-45; H, 4-68%). Treatment 
-with aqueous alcohol gave a magenta-coloured precipitate, which 
was probably the octathiocyanate regenerated by hydrolysis. 

SdUa of the Type RjpMoOQg]. 

For the preparation and investigation of the octathiocyanates 
previously described, the following complex molybdenyl penta- 
chlorides were required. The preparations detailed below, involv- 
ii^ dectrol 3 ^ic reduction and the use of alcoholic hydrogen chloride, 
differ from the method employed by Nordenskjold {Ber., 1901, 34, 
1672), and give high yields of the pure salt. 

Ditimeffiylurnmonium Molybdenyl PenicuMoride. — ^This salt was 
prepared by an alternative method to that previously described 
(J., 1927, 2148). To 100 c.c. of a boiling solution of quinquevalent 
molybdenum (10 g. Mo) in alcoholic hydrogen chloride, obtained as 
described under dipyridmium molybdenyl pentachloride (he. eit.), 
there was added trimethylammonium chloride (16 g.). l^e well- 
stirred mixture was boiled mitil clear, and yielded yellowish-green 
needles, which were reorystallised from alcoholic hydrogen 
chloride and dried over potassium hydroxide and phosphoric oxide 
in a vacuum (Found: Mo, 22-6; Cl, 41-7; N, 6-59; 0, 17-0; H, 
6-10. Calc, for [(CH8)sNH]2[Mo0Cl6],H20 : Mo, 22-6; 01,41-6; 

N, 6-56; C, 16-9; H, 6-15%). 

BisdieSiylammonmn Molybdenyl PentcuMoride. — ^This was pre- 
pared as detailed above, except that diethylamine (13 g.) was used, 
the resulting solution being evaporated undm: diminished pressure. 
On re-saturation with hydrogen chloride, a large yield of green 
needles was obtained; these were washed with alcoholic hydrogen 
chloride and dried as before (Foimd : Mo, 21-9; Cl, 40-6; N, 6-40; 

O, 21-9; H, 6-66. [(CgHglaNHalgCMoOClg] requires Mo, 22-0; a, 
40-6; N, 6-20; C, 22-0; H, 6-49%). 

Dikirmn^h^lcmmonmm Molybdmyl PentcuMoride. — ^An interest- 
ing point in connexion with the preparation of this salt is that by a 
variation in the proportions of the reactants it is possible to isolate 
a salt of the type RpyioOCl 4 ,HaO], of which so far only one other 
example is known, viz., (CH 3 ) 3 NHp!do 0 Cl 4 ,H 20 ], previously described 
by the present authors. 60 C.c. of an alcoholic hydrogen chloride 
solution of quinquevalent molybdenum (6-4 g.) were diluted with 
an equal volume of alcohol, raised to boiling, and tetrametiiyl- 
ammonium chloride (10 g.) added. The resulting light green crystals 
were, dissolved in 200 c.c. of hydrochloric acid (4^), the solutioa 
saturated with hydrogen chloride, and on evaporation and* 
saturation with this gas, crops of crystals were obtained. 
yields consisted of the pentcuMoride, whilst the last fraotionj^iniil^ 
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to 1)6 pure molybdenyl UtrcicTihride, The 

salts were reorystallised, if necessary, and dried as previously 
described (Found, for pentaohloride : Mo^ 21-9; 01, 404; N, 
64. [(CH3)4N]2MoOCl5 requires Mo, 22-0; Cl, 40-6; N, 64%. 
Found, for tetrachloride : Mo, 27*70, 27*60 ; 01,41*15,41*31; N,4*04. 
(CH3)4N[MoOOl4,H^O] requires Mo, 27*76; 01, 41*0; N, 4*05%). 


Physico-chemical Measurements, 

Throughout this coiniaunicatioji the various complex salts have 
been formulated in ^cordance vdth the principles of Werner’s co- 
ordination theory. Indirect evidence for such a formulation is 
obtained from the method of preparation of the salts and from their 
reactions, but confirmation may be obtained from determinations 
of molecular weights and molecular conductivities. The slight 
solubility of the complex salts in cold water, and their decomposition 
by hot water, renders determinations of molecular weight unsatis- 
factory by either cryoscopic or ebullioscopie methods in air-free water. 
However, molecular conductivities were determined at 26® : 


V 


V 


V 


V 

tt 


{C5H«N)2[Mo02(CNS)3]. 

262*8 525*6 1051 2 m 

492 534 559 591 

[(0H3)3NH34[MoaO3{0NS)s]. 

^7363 2945 5890 11,781 

1614 1860 1900 1960 


(C9H8K)2[Mo02(ONS)8]. 

1090 2180 43 ^ 

571 604 640 

[(CH3)4Nh[Mo803(CNS)83. 

882*6 3530 7061 14,122 

1711 1871 1942 2036 


' 623 9 1248 2^6 4991 9982 ^ 

1504 1713 1820 1930 2010 


(C3H8N)2[MoO(ONS) 5]. [(OH8)8NH]g[MoO(CNS)J. 

441 1764 3529 7058 422 1688 3376 6752 

1089 1286 1314 1360 1069 1272 1305 1324 


It is clear from the appended figures that in no case do the 
complex salts behave in aqueous solution as typical electrolytes, 
but exhibit abnormally high molecular conductivities. Such 
behaviour is not unexpected in view of the series of colour changes 
which aqueous solutions of the salts undergo with increasing 
dilution. According to our views on hydrolysis and ionisation, at 
infinite dilution salts of the type should give 

undiasooiated [Mo020H,2Il20] together with six ions, viz,, 2R* -f 
H* + SONS'. The ionic velocities at 25° are H* = 347 ; ONS' 5?= 
664 (Landolt^Bomstein, ^^Tabehen,” 1923, ii, 1104); CgHfiN* ^ 
43*1 (Lunden, J, Ghim, physique, 1907, 5, 692); 36*1; 

(CH3)3lJH’ 5=3 47-0; (CH3)4N* 43*6 (Bre^g, Z, physihd. Ohem,, 

1894, 13, 228). If the proposed scheme is correct the pyridinium 
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salt should give a value for of 629, wliicli is in good agreement 
■with the experimental values. It is interesting to find that Sand 
and Burger, in determining the molecular conductivity of this salt, 
obtained jx = 664 and 613 for v = 700 and 2803 respectively, and 
concluded that the substance behaved abnormally, although no 
explanation was advanced. A scheme for the ionisation and 
hydrolysis of salts of the type E2[MoO(CNS)5], identical with that 
previously recorded for the complex salts RgpVIoOClg] {loc. cii.), 
would result in the ions 2R* + 3H* + 6CNS' being present at infinite 
dilution in aqueous solution. This should give, for 
(C5HeN)2[MoO(CNS)J 

= 1464, and for [(CH3)3NH]2[^oO(ClTS)5] fx^ = 1462. The 
close agreement between the experimental and theoretical values 
lends strong support to the view that the scheme of hydrolysis and 
ionisation is substantially correct. A similar scheme for the complex 
salts of the new type E4[Mo203(CNS)g] would be E4[Mo203(CNS)8]+ 
HgO = 2R2 [Mo 02(01TS)3] + 2HCNS, followed by the further 
hydrolysis and ionisation of the complex salt as before, whence there 
should result at infinite dilution the ions 4R* + 4H* + SONS". 
Where E* = (CH3)3NH‘, the calculated value for (x^q = 2099, and 
where E* = (CH3)4N*, y.co = 2086 at 25®. Similarly, for the com- 
plex salt (C5H3N)4[Mo203(S04)(CDS’S)e], the presence of the ions 
4C5H8N' + + 804"+ eCNS' in solution at 26® would give a 

calculated value for of 2111, Again the agreement between the 
theoretical and experimental results is very satisfactory and there- 
fore the formulation of these series of salts on the basis of the co- 
ordination theory seems to afford a satisfactory explanation of their 
behaviour in aqueous solution. 

The authors wish to express their thanks to the Department of 
Scientific and Industrial Eesearch for a grant to one of them 
(R, G. J.), and to the Chemical Society for their grant in aid of 
this investigation. 

The Univbesitt or Bibminoham, 

Edqbaston. lEeoeivedf June 27th, 1928.] 


OGGJjXll.— Attempted Besohition of TrietTiylenedi- 
cminenickel Ghloride. 

By WnjjAit Rauh ’Bvoksajju and WruJUM Waudlaw. 

Bt the resolution of the triethylenediamines of oohaJt, ohronduittl 
rhodium, and iridium into their optically active antipodes, 

(Ber., 1912, 45, 121, 866, 1228; HOo. Ghm. AOa, 1920, Wm" 
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advanced a brilliant proof of his theory that in these salts the 
associated ethylenediamine molecules are octahedrally distributed 
round the central metallic atom. Nevertheless, it is a matter of 
interest that the similarly constituted derivatives of bivalent metals 
such as copper, zinc, and nickel have so far remained unresolved. 
The idea that in these salts the units are distributed otherwise 
than octahedrally seems to be disproved by the JC-ray evidence 
(Wyckoff, J. Amer. Ohem, 8oc., 1922, 44, 1239) that in salts such 
as [NijONHaplg the units have the customary octahedral distrib- 
ution. In view of this conclusion, and especially because there 
was no recorded attempt at the resolution of the complex salt 
[Ni (en) 3 ]Cl 2 , the present research was undertaken, but with negative 
results. 

For the resolution of triethylenediaminecobaltic chloride, Werner 

X 

(Zoc. cit) used the chloride- or bromide-tartrate, [Co (en) 3 ]Q g. q , 

since he had fotmd the normal tartrate unsuitable j and we there- 
fore attempted to prepare the chloride-tartrate from [Ni(en) 3 ]Cl 2 
by a similar method, viz,, the use of one equivalent of silver tartrate. 
It was found, however, that on crystallisation the solution gave 
rise to a mixture of the normal tartrate and the original chloride. 
Consequently, it was decided to attempt the fractional crystaUis- 
ation of the normal tartrate, a solution of which was obtained by 
triturating a solution of the chloride with the theoretical amount 
of silver tartrate and repeatedly extracting the residue with hot 
water. On evaporation, the liquid became syrupy and the crystals 
which separated were difficult to filter. After several recrystallis- 
ations, no difference in rotatory power could be detected, although 
there seemed to be two tartrates present, one crystalline and the 
other a gel — ^the deep violet colour of the solution rendered accurate 
reading of small rotations difficult. 

Although warm hydrobromie acid converts the tartrates of tri- 
ethylenediaminecobalt into the bromides (Werner, he. cit), yet in 
the case of the nickel salt this acid effects a complete disruption 
of the complex ion, even in the cold, with the formation of nickel 
bromide and ethylenediamine hydrobromide ; hence it appears that 
the nickel complex ion is less stable than its cobalt analogue. This 
disruption of the nickel salt was avoided by the addition of barium 
chloride solution in excess to a solution of the complex tartrate ; 
the filtrate was then treated with alcohol to complete the precipit- 
ation of barium tartrate and examined in the polarimeter, but all 
fractions of the complex tartrate treated in this way" were found 
to yield inactive solutions. 

Since it was possible that tartaric acid was too weak an acid to 
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©fifect a good resolution (see Pope, J., 1899, 75, 1105), the stronger 
*acid, d-camphorsulphonio acid, was used. On crystallisation, the 
iri'ethyUnediaminenickel d-camphorsulphonate showed no tendency 
^o form a gel, but after several recrystallisations, the dijfference in 
rotatory power between the first and last fractions was still too 
small to warrant the assumption that a resolution had been effected. 

Thus it seems either that the rotatory power of the active nickel 
triethylenediamine is very small or that racemisation in solution 
is extremely rapid. 

Experimental. 

Preparaiion of Triethyknediamimnickel Chloride. — ^The method 
used was that of Werner and others {Z. anorg. Ghem,, 1899, 21, 201). 
Ethylenediamine hydrate (3 mols.) was added to a concentrated 
solution of pure crystallised nickel chloride (1 mol.), the solution 
evaporated and crystallised, and the crystals twice recrystallised 
from water (Found : Ni, 16*85. Calc, for [M (en)3]Clo,2H20 : Ni, 
16-95%). 

Attempted Preparation of the Chloride-Tartrate. — A concentrated 
solution of the complex chloride (5 g.) was triturated with silver 
tartrate (2*5 g.), prepared from a concentrated solution of Rochelle 
salt by precipitation with concentrated silver nitrate solution, 
washing with water, and drying in a desiccator covered with black 
paper. The residue of silver chloride was repeatedly extracted with 
hot water and the extracts were filtered and evaporated. Different 
fractions of the deep violet crystals had nickel contents varying 
from 14*1 to 16*6%, Thus it is probable that the chloride-tartrate 
cannot be isolated and that the crystals obtained were mixtures 
of the tartrate and the chloride (Calc, for [Ni (en)3](C4H406),2H20 : 

Ni. 13-8; for [Ni : Ni, 16-8%). 

Preparation of Triethylenediaminenickel Tartrate- — concentrated 
solution of triethylenediaminenickel chloride (4 g.) was triturated 
with silver tartrate (4 g.), and worked up as in the preceding case. 
The filtrate was very gel-hke, rendering filtration difficult. Various 
fractions of crystals were dried on a porous plate, and all gave a 
constant nickel content (Pound : Ni, 13*2; N, 19*3. 

[Ni(en)3](C,H,0e),3H20 

requires Ni, 13*3; N, 19*1%). Rotations of this substance were 
measured in a 0*5-dm. tube ; after four recrystallisations the values 
of [a]© for the first and last fractions were 17® and 21° respectively 
-(aD 0*11° and 0*15°). This difference is not greater than the prpibj- 
able experimental error. The tartrate , was converted intc^ 
corresponding chloride by the method described above, bn$ 
case the resulting solution was inactive, 
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Preparation of TrkthyleMdiamimmcJcel A-^Carnphorsidph^ — 
To 200 c.c. of a solution of silver nitrate (16 g.), just sufficient 
sodium hydroxide was added to precipitate all the silver as oxide ; 
this was washed with distilled water until free from alkali salts, 
filtered, and the moist precipitate (11 g,) warmed with 150 c,c. of 
a solution of d-camphorsulphonic acid (20*6 g.). When dissolution 
of ihe oxide was complete, the filtered solution was neutral to 
litmus and contained 10 g. of the silver salt in 40 c.c. To 20 c.c, 
of a solution of recrystallised triethylenediaminenickel chloride 
(5 g.), 40 c.c, of the silver ^-camphorsulphonate solution were added 
in small portions until the addition of one drop caused no more 
silver chloride to be precipitated; the solution was filtered, evapor- 
ated, and crystallised (Found : Ni, 8*15. 

PSri(en)3](CioHiAS)2320 

requires Ni, 8*16%). The substance contained no chlorine. It 
was reorystallised several times from water, and rotations were 
measured for the mercury yellow line in a 0*5-dm. tube. No 
difference m rotation could be detected even after four recrystallis- 
ations, and [a] was constant at 17°. 

The authors wish to express their grateful thanks to the Depart- 
ment of Scientifio and Industrial Research for the award of a 
research grant to one of them (W. R. B.), and to the Chemical Society 
for a grant in aid of this investigation, 

XJniveesitx of Bieminghaji, 

Edgbaston. [Beceived, June 21th, 1928.] 


COCLXIII . — Complex Oxalates of Quinquemlent 
Molybdenum. 

By Hebtey Mills Spittle and William Wabdlaw. 

Some years ago Bailhaohe {Bull. Soc. <Mm., 1903, 29, 161 ; 1905, 
33, 439) prepared and investigated three crystalline complex 
oxalates of quinquevalent molybdenum, to which he assigned the 
formnlse Mo 20 a(OH)e(Ca 04 ) 2 H 2 Ba,H 20 and 

Mo20s(0H)4(C203)2(0H)2Ra,2H20, 
where E = E or Such a formulation gives no indication of 

the relation^p, structure, or reactions of these compounds, which 
therefore seemed to afford an opportunity for testing the value of 
Werner’s co-<ffdination theory in elucidating the structure of 
chemical compounds, for by applying lie principles of that theory, 
it was possible to consider these substances as members of a series 
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of the general formula E[Mo02(C204),a;H20] where R=K, (NH4), JBa, 
etc. 

In order to determine whether such a hypothesis was justifiable, 
and to investigate further the chemistry of molybdenum, we have 
prepared new members of the series, including the complex acid 
and pyridinium and quinolinium salts, and have submitted aU these 
compounds to a physico-chemical examination. 

Experimental. 

In a previous co mmuni cation (J., 1927, 2145) the preparation of 
salts of the type described. It has been found 

that when concentrated solutions of the pyridinium and quinolinium 
derivatives of this series are treated with oxalic acid, red solutions 
are obtained from which yellow solids separate. These substances 
have been shown to be complex oxalates. When the potassium 
and ammonium complex chlorides are similarly treated, red solutions 
are obtained, but owing to their high solubility, the resulting 
products are not precipitated. 

Quimlinivm Molybdenum Dioxyoxalate, — ^This new salt was pre- 
pared by adding 30 c.c. of a warm aqueous solution of oxalic acid (h2 
g.) to 30 c.c. of a solution containing 5-6 g. of (09H8N)2[MoOCl5],H20, 
boiling the solution, filtering it hot, and cooling it; a bright 
yellowish-brown powder was thus obtained, which, after being 
washed with cold water and recrystallised from hot water, was 
dried in a vacuum over calcium chloride. 

Analysis. The molybdenum was estimated by ignition of the 
compound to the trioxide, or by precipitation as trisulphide (J., 
1924, 125, 1911) and oxidation to trioxide, which was weighed. 
The nitrogen was determined by the method of Dumas, and the 
oxalate by the following process : To 200 c.c. of a boilmg aqueous 
solution of the complex salt (0-3 g.), 5 c.c. of potassium hydroxide 
solution (20%) were added. The precipitated hydroxide was 
removed, and the colourless filtrate concentrated to about 30 c.c. 
One c.c. of nitric acid (52f) was now added, and after boiling for 
about 2 minutes, the solution was acidified with sulphuric acid 
and titrated with standard potassium permanganate {Pound : 
Mo, 26-3; 0204,24-3; K*, 3-9. (C9H8N)[Mo02(C204),H20] requires 
Mo, 26-4; C2O4, 24-2; N, 3-86%}. 

The formation of this salt is in accordance with the scheme of 
hydrolysis and ionisation previously proposed Qoc. cit.) for the 
complex chlorides ^2(^00015]. ‘ I 

Complex Pyridinium Molybdenum Oxyoxalates. — 60 C.c. of a 
aqueous solution of oxalic acid (4-8 g.) were added to 60 
solution of (C5B[8N)2lMoOCl5] (18-4 g.) and the mixture was 
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There separated on cooling an orange-yellow powder, which was 
washed with cold water and dried in a vacuum over calcium chloride 
{Found: Mo, 31-6; C 0 O 4 , 29-0; N, 3-5; C, 22-6*; H, 2-5*; 
Mo : C 2 O 4 : N : C : H=4 : 4 “ 3 : 23 : 30. {C5H6N)3H[Mo408(C204)4,6H20]- 
or (C 5 H 6 N) 3 [Mo 407 ( 0 H)(C 204 ) 4 , 6 H 20 ]requiresMo, 31*6; 0304 , 29 - 0 ; 
N,3-5; 0, 22-7; H,2-6%; Mo : C 2 O 4 : N : C : H = 4 : 4 : 3 : 23 : 31}. 
The presence of quinquevalent molybdenum in this compound was 
confirmed by a valency determination. 

In an attempt to prepare a normal salt from the above pyridinium 
salt, 1 — 2 g. of this compound were gently boiled under reflux 
with about 20 c.c. of pyridine. After removal of the pyridine by 
decantation, the operation was repeated on the product, and after 
drying in a vacuum over concentrated sulphuric acid until free from 
pyridine, the final product was a pale yellow powder, soluble in water 
(Found : Mo, 25-4 ; C 2 O 4 , 23-3 ; N, 7-4. (C 5 HeN)[Mo 02 (Ca 04 ),C 5 H 6 N} 
requires Mo, 25-6; C 2 O 4 , 23-5; N, 7-5%}. Valency determinations 
indicated that quinquevalent molybdenum was present. 

Treatment of the quinolinium complex oxalate with quinoUne did 
not result in the replacement of the water molecule owing to the 
oxidation of the molybdenum. 

Barium Molybdenum Dioxyoxalate. — ^For the preparation of this 
compound (barium oxalomolybdite), Bailfaache (Zoc. ciL) used two 
methods. The second method, which he considered preferable, 
involved the reduction of a hydrochloric acid solution of ammonium 
molybdate by red phosphorus, and addition of ammonium oxalate 
and barium chloride to the solution of quinquevalent molybdenum 
obtained. It was found, however, that this method yielded an 
impure salt contamng a small amount of phosphate, and it was 
discarded in favour of the following method : 300 C.c. of an aqueous 
solution of oxalic acid (12 g.) were added to 300 c.c. of a solution 
of (NH 4 ) 2 [MoOCl 5 ] (35 g.) and the mixture was warmed. To the 
blood-red solution produced, barium chloride (11 g.) in 600 c.c. of 
water was added, and on heating to about 70®, a red, crystalline 
solid separated, which was collected hot, washed with hot water, 
and dried over calcium chloride in a vacuum (Found : Mo, 29-0 ; 
Ba, 20-8 ; C 2 O 4 , 26-6. Calc, for Ba[MQ 02 (C 204 )] 2 , 5 H 20 : Mo, 29-1 ; 
Ba, 20*8; C 2 O 4 , 26-7%}. An equally satisfactory product was 
obtained by use of the pyridinium and quinolinium derivatives of 
the s^es . 

The very soluble ammonium and potassium and the less soluble 
pyridinium and quinolinium compounds can readily be prepared by 
double decomposition' of this insoluble barium salt with the appro- 
priate sidphate. 

* Mioroanalyais. 
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PotCLSsium Molybdenum Dioxyoxalate. — satisfactory yield of 
this substance was obtained by the following method used by 
Bailhache, who, however, gave no experimental details. To 30 c.c. 
of a boiling aqueous solution of potassium sulphate (1*7 g.), barium 
molybdenum ^oxyoxalate (7*0 g.) was added, and, after the mixture 
had been boiled for some minutes in a current of nitrogen, the 
insoluble sulphate was removed by filtration. If the filtrate was 
concentrated over phosphoric oxide at room temperature, tufts of 
golden needles were obtained, sometimes associated with red 
crystals. The yellow were separated from the red crystals by 
hand-picking and dried on a porous plate (Found : Mo, 30*3 ; 
C2O4, 27*8; K, 12*2. K[MoOo(Co04},3*5HoO] requires Mo, 30*2; 
0204,27*7; K, 12*3%). 

The red crystals (Foimd : Mo, 32*0; C2O4, 29*3. Calc, for 
K[Mo02{Ca04),2*5H20] : Mo, 32*0; C2O4, 29*3%) proved to be the 
less hydrated compound analysed by Bailhache. This red form 
separates in a pure condition from a very concentrated solution of 
the potassium complex oxalate (prepared as described) which has 
been slowly cooled and inoculated with a red crystal. 

. By drying over sulphuric acid in a vacuum, either form loses 
water and produces a yellow powder of the empirical formula 
K[Mo 02(C204),1*5H20] (Found : Mo, 34*0; O2O4, 31-4. Calc. : Mo, 
34*0; 0204,31*2%). 

On concentration of a solution of any of these hydrated salts at 
100® in a vacuum, a red solid results (Found : Mo, 35*4 ; 
Mo : C2O4 = 1*00 : 1*00. K1 :Mo 02{C204),H20] requires Mo, 36*2%) ; 
this was formulated by Bailhache {loc. ciL) as Mo 205(C203)2(0H)2K2, 
which may be rewritten as KpM[o02(C204),0*5H20]. In no case, 
however, have the present authors been able to obtain a substance 
with a lower water content than that demanded by 
K[Mo02(C204),H20]. 

Ammonium Molybdenum Dioxyoxalate . — ^This salt was prepared 
by double decomposition of ammonium sulphate (1*3 g.) and barium 
molybdenum dioxyoxalate (7*6 g.). The preparation should be 
carried out in an atmosphere of nitrogen, for an aqueous solution 
of this salt oxidises more readily than a solution of the potassium 
derivative. The salt in the form of tufts of golden needles could 
not be isolated in sufiBicient quantity for analysis. By methods 
similar to those described for the isolation of the red crystals of the 
potassium salt, there were obtained orange crystals of the empirical 
formula (NH4)[Mo02{C204),2*5H20] (Found : Mo, 34*4; O2O4, 31*6 j 
NH4,6-5. Calc.: Mo, 34*4; 0204,31*5; NH4, 6*5%). Ondlryi^^ 
this salt over sulphuric acid in a vacuum, a yellow powdW:^l|ife 
obtained (Found: Mo, 36*6; C2O4, 33*6; NH4, iS*9. CWWiP’ 
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(NH4 )[Mo 02(CA).1-6H20] : Mo, 36-8; CgO^, 33-7; NH^, 6-9%). 
WheD a solution of this aiumomum salt was evaporated to dryness 
in a vacuum at 100®, a brittle red crust was obtained simi lar in 
composition to the potassium analogue {Found : Mo, 38*0 ; 
Mo : C2O4 : NH4 = 1-00 : 1-00 r 1*0L (NH4)|MoOa(C204),H20] re- 
quires Mo, 38-1%}. 

Quinolinium Molybdenum Dioxyoxalate. — Barium molybdenum 
dioxyoxalate (7-0 g.) was added to quinolinium sulphate (3*6 g.) 
dissolved in 60 c.c. of boiling water. After being boiled for some 
minutes in an atmosphere of nitrogen, the liquid was filtered hot, 
and the bright yellowish-brown crystals which separated were 
washed with cold water and dried in a vacuum over calcium chloride 
{Found: Mo, 26*2; C2O4, 24-2; N, 3-85; C, 35-7*; H, 2-65*. 
Calc, for (C9H8 N)[Mo 02(C204),H20] : Mo, 26-4 ; C2O4, 24-2 ; N, 3-85 ; 
0,36-3; H,2-8%}. . . 

Complex Pyridinium Molybdenum Oxyoxalates. — ^By analogy with 
the potassium, ammonium, and quinolinium salts, a pyridinium salt 
of the type (C5H4]Sr)[Mo02(C204),a;H20] should be formed by inter- 
action of pyridmium sulphate with bariummolybdenum dioxyoxalate. 
In the preparation of a pyridinium salt from the pyridinium com- 
plex chloride (C5HeN)2[Mo001g], however, a normal salt was not 
obtained (p. 27M), The following method yields a normal salt 
provided that the details are carefully observed. To 16 c.c. of 
boiling water, pyridinium sulphate (1*2 g,) and then barium molyb- 
denum dioxyoxalate (3-5 g.) were quickly added. After boiling for 
1 minute, the liquid was immediately filtered hot. The deep 
chrome-yellow powder, which separated from the filtrate on rapid 
cooling, was dried in a vacuum over calcium chloride {Found : 
Mo, 30^6; C2O4, 28-1; N, 4-4, (C5H6N)[Mo0,(0204),Ho0] requires 
Mo, 30-6 ; C2O4, 28-0 ; N, 4-6%). 

This normal salt is rapidly decomposed on boiling with water, 
and a yellow solid of varying composition separates from the aqueous 
solution on cooling. If, however, the pyridine is removed from the 
reaction, the acid salt is formed m accordance with the equation 

4(C^H«N)[Mo02(C204);H20] + 2H3O - 

(C5lIeN)aH[Mo40g(G204)4,6H20] + OgHgN. 

For the preparation of this acid salt, the same reaction mixture 
that was used for the. preparation of the normal salt was subjected 
to steam distillation in an atmosphere of nitrogen for about an hour 
to remove any liberate pyridine. The residual solution was 
filtered hot after concentration to about 10 c.c., and the orange- 
yellow powder which separated on cooling was washed with cold 

* Microanalysis. 
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water amd dried in. a vacuum over calcium chloride {Foimd : Mo, 
31-6; 0204,28-8; M,3-5. Calc, for (C5H6N)3H[Mo4O8(0aO4)4,6H20]: 
Mo, 31-6; C2O4, 29-0; N, 3-6%}. It appears from the results of 
the above experiment that complex p3rridinium salts with a ratio 
C5H5N : Mo of less than 3 : 4 do not exist. 

In order to determine whether the molecule of water present in 
the normal salt could be replaced as in the case of the acid pyridin- 
ium salt, the normal salt was treated with pyridine as previously 
described. The product had the same empirical formula and 
properties as that obtained from the acid pyridinium salt {Found : 
Mo,25-4; 0204,23-6; N, 7-6. Calc, for {C6HeN)[MoO2(C2O4)(0BH5N)]: 
Mo, 26-6; 0204,23-6; N, 7-6%}. 

Ah Oxyozdlate of Quvngmvaleni Molybdenum. — ^The complex 
oxalates so far mentioned have been considered as derivatives of a 
hypothetical acid, H[Mo02(C204),a:H20]. Such an acid should be 
formed initially when the insoluble barium salt Ba|Mo02(C204)]2>5H20 
is treated with dilute sulphuric acid. By warming this mixture a 
red supernatant liquid was obtained. Titrations with standard 
potassium permanganate, however, showed that in the solution 
the molybdenum was not quinquevalent, but had been partly 
oxidised. It was necessary, therefore, to conduct the whole prepar- 
ation in an atmosphere from which air was rigidly excluded, and 
the following method proved satisfactory for the isolation of a 
substance with the empirioal formula Mp^02(0204)2,4B!20- 
Into A (Fig. 1), which consisted of a 30 c.c. flask fitted with a 
side tube, were introduced barium molybdenum dioxyoxalate 
(4-0 g.) and water (7 c.c.). The whole apparatus was evacuated, 
tested to prove absence of air-leaks, and filled with nitrogen; 2 c.c. 
of sulphuric acid (6^^) were then added to the liquid in A. With 
a slow stream of nitrogen passing throu^ the apparatus from 
F to d, the reaction mixture was gradually raised to boiling point 
on a water-bath; this hating should occupy about an hour, for 
if the mixture is boiled quickly, hydrolysed products result, ijter 
gently boiling for 6 minutes, the red liquid formed was decanted 
into the filtering apparatus, C, by rotating the flask A : C consisted 
of a Gooch crucible, containing a perforated plate between two 
filter-papers, fitted into the modified adapter. By appl3dug suction 
at F, the liquid was drawn into G, and by closing M it was filtered 
into D, which should hold about 12 c.c. of liquid. After this 
filtration, the apparatus was disconnected at D, the open end of 
immedm]^y closed with a solid rubber bung, and DBF evaoual;^ 
The liquid was concentrated at 30 — 36° to about 2 c.c. by 
of the phosphoric oxide contained in the B of 76 c.c, 

Nitrogen was admitted into DBF^ and from the liqiqj^,^^pP 
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orange-yellow solid slowly separated. The mixture was then 
transferred to the filter J', by means of the device N, a rapid stream 
of nitrogen being passed through the apparatus to avoid oxidation. 
After the liquid had been filtered in nitrogen, the vessel F and its 
contents were rapidly transferred to a nitrogen-filled desiccator and 
dried over sulphuric acid in a vacuum. 

The pale yellow substance thus obtained [Found: Mo, 39*4; 
C2O4 , 36*3. Mo 203(C204)2,4H20 requires Mo, '39*4; C2O4, 36*1%], 
which corresponds to the parent acid^ was insoluble in cold water 


Fig. 1. 



or in cold concentrated hydrochloric or nitric acid, and was stable 
in air. In hot water it dissolved with oxidation, and in warm 
hydrochloric acid a green solution was produced. Red solutions 
resulted from treatment with dilute ammonia or alkalis. Cold 
water in which the solid was suspended reacted acid. Valency 
determinations proved that the molybdeniua was quinquevalent. 

Vahnctf of the Molybdenum , — ^In the presence of the oxalic acid 
the ordinary method (J., 1923, 123, 969) for the determination of 
valency was not available, and estimations were therefore carried 
out by the following method. A weired quantity of the substance, 
dissolved in air-free sulphuric acid (2Jf), was titrated in the cold in 
a nitrogen atmosphere with standard potassium permanganate. 
When colourless, the~s<dution was heated to 70®, and the titration 
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continued until a permanent pink colour was obtained. This 
reading gave the amount of permanganate necessary to oxidise the 
molybdenum to the sexavalent state and to decompose the oxalate 
radicaL The permanganate required for the latter purpose was 
estimated independently by the method already described (p. 2743). 
By difference the amount of permanganate required to oxidise the 
molybdenum to the sexavalent condition was obtained, and since 
1 c.c. of .^'-permanganate = 0*096 g. Mo^, the percentage of molyb- 
denum present in the salt can be deduced. When this agrees with 
the results obtained by gravimetric analysis, the molybdenum is 
quinquevalent. 

Koppel and Goldmann {Z. amrg. Chem,, 1903, 36, 281) have 
made an interesting observation with regard to the valency titrations 
for the quadrivalent vanadium oxyoxalates. They found that the 
amount of permanganate required was less than that demanded 
by theory, and observed that quadrivalent vanadium oxyoxalate 
could not be prepared ; it therefore seems probable that this com- 
pound undergoes atmospheric oxidation in a similar manner to the 
analogous molybdenum oxyoxalate. 

General Properties. — ^The complex oxalates in the dry condition 
are stable in air, but their aqueous solutions very slowly oxidise. 
Concentrated aqueous solutions are blood-red, but on dilution 
become brownish-yellow to yellow. The substances are insoluble in 
such organic solvents as alcohol, ether, and benzene. Concentrated 
hydrochloric acid decomposes the oxalates, yielding green solutions 
of the complex chlorides R2[^o^^Cl5], and a green solution is also 
obtained by the action of concentrated sulphuric acid. A red 
solution results from the reaction between the complex oxalates 
and thiocyanic acid. 

Physico-chemical Measurements. 

To decide whether formulse based on Werner’s co-ordination theory 
are applicable to these complex oxalates, determinations of their 
molecular weights and molecular conductivities were carried out. 

Molecular-weight Determinations. — ^The molecular weights, as 
determined by the depression of the freezing point of air-free water, 
are shown in Table I. If the formula K[Mo02(C204),l*5H20] is 
assigned to the potassium salt, the apparent molecular weight when 
ionisation is complete should be 141. The results obtained in 
dilute solution are in accordance with this deduction, but the 
apparent molecular weights in concentrated solutions, which are 
even greater than that demanded by the un-ionised moleeiuip?^^ 
indicate that polymerisation is taking place with the formatin |^^ ; 
such molecules as K2[Mo204(0204)2,3H20]. The fact 
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Table I. 

G. of substance per Cone, (mols. per Apparent Osmotic 

100 gr water. 1000 g. water). mol. wt. factor. 


Potassium molybdenum dioxy oxalate, KpiIo02(Ca04),l*5H20]. 


0*691 

0*0245 

171 

1*65 

0*862 

0*0306 

171 

1*65 

2*908 

0*1031 

209 

1*35 

4*180 

0*1482 

228 

1*24 

8*220 

0*2914 

283 

1*00 

10*180 

0*3608 

300 

0*94 


Ammonium“molybdenum dioxyoxalate, (NH4)P!iIo02(Ca04),l *50120]. 


0*497 

0*0190 

154 

1*70 

1*200 

0*0460 

169 

1*54 

2*521 

0*0966 

177 

1*47 

3*953 

0*1514 

202 

1*29 


Fig. 2. 
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oxalate ion cannot be detected by its ionic reactions shows that the 
increased number of ions in cUlnte solutions is not due to hydrolysis 
of the complex anion. 

MoleculaT-emivcimiy Betermimiums. — ^With solutions of the 
Tarious complex oxalates, it was found that the molecular con- 
ductivity in each case increased with time, and that the rate (d 
variation was greatest with dilute solutions. This change occurred 
extremely slowly in the absence oi the platinised platinum elec- 
trodes, but was very markedly accelerated by their presence (Fig. 2). 
Similar observatiims were made by Bufi (J., 1923, 123, 572) on the 
oatalytio hydtolyms of the cobaltanunines, and by Boss {Z. amrg. 
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Ghem,, 1902, .31, 42) on the catalytic oxidation of the complex 
niobium oxalates by platinised platinum electrodes. On treating an 
aqueous solution of potassium molybdenum dioxyoxalate with 
platinum-black, and estimating both valency and oxalate by means 
of standard potassium permanganate at intervals of several days, 
it was found that oxidation of the molybdenum to the sexavalent 
state took place and was accompanied by decolorisation of the 
solution. 

Fig. 3. 



It was therefore necessary to determine the conductivity by taking 
time curves for the conductivity at each dilution (see J., 1927, 
615), and deducing the initial conductivities from these. Table II 
gives the values of for various dilutions {v litres per mol.) at 25° 
at zero time, and for comparison the values of molecular conduct- 
iviti^ at 25° of typical salts (Noyes and Falk, J. Amer. Chm. Soc.^ 
1912, 34,. 454) are given in Table III. ^ 


In dilute solutions the molecular conductivities are similar. 
those of a typical binary electrolyte (Kg. 3) and support the 
ation BpM[o 0 |(Cg 04 ),a:H 20 ;| for the molybdenum 
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Table II. 

K[Mo0a(C2O4)4-6H20]. 




15-3 

34-7 103-7 

176-8 

391-8 

613-2 



79-3 

81-6 89-4 

92-4 

99-4. 

101-6 



(NHi)[MoOs(Cs 04 ), 1 - 6 H» 0 ]. 





54-4 

77-8 178-2 

271-3 

618-0 




88-0 

90-2 96-3 

98-9 

103-2 





Table III. 




V 


60 

100 200 

600 

1000 

00 

NaCl . 

111-8 

116-1 

118-8 121-0 

123*05 

124-1 

127 

KCl .... 


138-5 

141-4 143-95 

146*55 


160*6 




Fio. 4. 






^llv^ 


investigated above. The Ostwald-Walden rule does not apply in 
the case of these complex oxalates, for t^(Xio 24 — ^ 2 ) ^ value 

of approximately 2 for both salts. This may be due to the poly- 
merisation that takes place in their concentrated solutions. Euss 
(foe. oit) obtained similar results vdth the complex niobium oxalates. 
A further indication that these molybdenum dioxyoxalates behave 
abnormally is afforded by the graphs obtained by plotting '^TJv 
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against [i. Binary electrolytes in dilute solutions, unKke ternary 
electrolytes, give straight lines, but the complex oxalates give a 
curve (Kg. 4) agreeing with the idea that polymerisation to a more 
complex electrolyte takes place in solutions of higher concentration. 
Cadmium iodide, which is known to undergo extensive polymeris- 
ation in solution, is included for comparison. 

Complex Pyridinium Molybdenum Oxyomlate . — ^From the analyti- 
cal data an empirical formula (C5HglJ)3H[Mo40g(C204)4,6H20] or 
(C5H6M!)3 [Mo 407(0H)(C204)4,6H2O] was assigned to this orange- 
yellow compound. It was impossible, however, without further 
data finally to decide as to the constitution of this salt, although 
the fact that in aqueous solution it reacts acid to litmus and bromo- 
phenol-blue favours the first formula. Determinations of molecular 
weight by the depression of the freezing point of water indicated 
that in dilute solutions considerable ionisation occurred — owing to 
the comparative insolubility of the compound it was possible to 
determine molecular weights and conductivities only over a limited 
range of concentrations : 

G. of substance per Cone. (mols. per 
100 g. water. 1000 g. water). 

0- 606 0-00417 

1- 049 0-00864 

1-684 0-01388 

It is obvious from the results that, although primary ionisation 
may take place in accordance with the first formifia, further decom- 
position of the complex anion must occur, for with such a formul- 
ation, the complex salt even at infinite dilution should yield a 
maximum of five ions by primary ionisation, and give an apparent 
molecular weight of 243, whereas the osmotic factor suggests that 
at least seven ions are present at the concentrations used. It may 
be inferred, therefore, that in all probability the complex anion 
undergoes decomposition, possibly in accordance with the following 
scheme : 

(C5HeN)3H[M0408(C204)4,6H20] 

3C5HeN‘ + H- + [Mo408(C204),CH20]'- 
[M0408(0204)4,6H203"'' 4[Mo02(C204),a:H20]'. 

Taylor (Z, physikal. Chem,, 1898, 27, 361) obtained an osmotic 
factor of 6*92 for sodium meUitate, NagCi20i2j in0-00181if concen- 
tration. 

If such a scheme operates, it should be possible to deduce; 
the value of for this complex salt. Since for hcriite 
K[Mo 02(C204),1-6H20] and (NH4)[Mo02(C204),l-6H20] is 
ately 120, it follows that the ionic mobility of the 


Apparent 
mol. wt. 
184 
195 
198 


Osmotic 

factor. 

6-59 

6-22 

6-12 
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111002 ( 0204 ), ajHaO]' is approximately 46, the values of the iomc 
mobilities of the potassium and ammonium ions being 74^4 and 
74-0 respectively at 26®. The possibility that there might be an 
error in the value of this ionic mobility due to the hydrolysis 

R11Io 02(G204),1-5H20] + HgO ROH + H[Mo02(C204),l-6H20] 
analogous to that of potassium cyanide, was disproved by the fact 
that the solutions of the complex oxalates, unlike those of potassium 
cyanide, do not give an alkaline reaction. 

The above scheme indicates that for the complex pyridinium 
molybdenum oxyoxalate should be given by the sum of the ionic 
mobrnties bf SCsHgN* + H* + 4 [Mo 02 (C 204 ),:rH 20 ]', which is 660, 
whereas the following experimental data lead to a value of 670 : 

V 65*13 151*6 196*3 719*9 2043*0 

/* 419*7 452*8 464*5 503*1 521*0 

Although no satisfactory explanation of the discrepancy between 
the two values for is apparent, it seems that an experimental 
value of this magnitude can only be explained by the supposition 
that a hydrogen ion is formed by this salt on solution, and that 
the constitution of this salt can be adequately expressed by the 
co-ordination formula (CsB[ 6 N’) 3 H[Mo 408 (C 204 ) 4 , 6 H 20 ]. The graph 
(Fig. 5) obtained with the acid pyridinium salt when is 

plotted against (x is a straight line, but this may be accounted for 
by the very small range of concentrations over which the conduct- 
ivities could be determined. 

Discussion of Besvlts, 

' Molybdenum oxyoxalate, Mo 203 { 0204 ) 2 , 4 fi[ 30 , is an interesting 
example of a compound which is xmstable and very reactive in 
solution, but far less reactive in the solid state, thus typifying the 
properties of polymerisable substances. Although from analytical 
data the above formula was assigned to this substance, yet a con- 
sideration of its markedly acidic properties and its method of 
preparation makes it clear that it is more adequately represented 
by the co-ordination formula B[[Mo 02 ( 0204 ),l* 5 H 20 ]. It thus 
becomes the parent acid of this series of complex oxalates. 

With the exception of the acid pyridinium salt, the compounds of 
this series dealt with in this communication can be represented by 
the general formula B.{Mo 02 ( 0204 ), 3 cH 20 ], where a; 1 , 1 * 6 , 2 * 6 , or 
3*6. Of these four groups of hydrates, the first appears to he the 
most general, and the suggestion that this is the normal one is 
strengthened by the fact that when the pyridinium salt 

is boiled .with pyridine, a salt (C 5 He]Sr)[Mo 02 ( 0204 ),C 5 H 3 lT], con^ 
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taining only one co-ordinated p3?Tidine molecule, is produced. On 
Werner’s theory these compounds apparently possess a co-ordin- 
ation number of five, instead of the usual six for molybdenum 
compounds. This anomaly affords additional evidence for the 
theory of polymerisation put forward in the physicochemical 
section, for by considering two of the co-ordinating groups as 
bridge groups, the polymerised salts can be represented as six- 


point systems. 

This theory of polymerisation is also needed to explain the exist- 
ence of the acid pyridinium salt; moreover, it is necessary in the 


case of the higher hydrates, 
all of which can only be 
represented rationally by a 
formula which in the simplest 
case would be 

E'2p^^2^4(^2®4)2>2/®f20], 

where ^ == 3, 6, or 7. 

The large number of water 
molecules (5 or 7) in the 
higher hydrates of such a 
series is very difficult to 
explain, since the normal co- 
ordination number of six is 
exceeded. Such hydrated 
forms are only obtained in 
the crystalline state, and the 
extra molecules of •ater are 
only loosely held, Sidgwiok 
(J., 1926, 1301) put forward 


Fig. 5. 



0-1 0-2 0-3 


a theory of the monohydration of the oxalate group both in the 
ionic and oxakto-form, in order to explain the existence of 


HgO. yO — 0 — 0,H20 

Be(02O4),3H.O, which he suggests is 5Be<^ , but 

\0-C=0 

this theory does not fully explain the hydrates of these complex 
oxalates. 


Barbieri {Bend. Aiti Accad. Zincei, 1916, 776) has described the 
preparation of another series of oxalates of quinq^uevalent molyb- 
denum of the genaralformula R4[Mo204(C204)3,2Ha03, where R = K 
or NH4. These have not been investigated in the present research, 
but it may be noted that they contain two molybdenum atoms and 
have a co-ordination number of six. 


In his papm:s on the series of complex oxalates, Bailhacli^#^ 
cii.) suggests for the potassium, ammonium, and barium 
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name oxalomolybdites,” but it is felt that the use of the name 
dioxyoxalates would be more in accordance with modern 
nomenclature. 

The authors wish to express their thanks to the Department of 
Scientific and Industrial Research for the award of a grant to one 
of them (H. M. S.), and to the Chemical Society and Messrs, Brunner 
Mond and Co., Ltd., for grants in aid of this investigation. 
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CCCLXIV . — The Interaction of Chloral and 2:4:6- 
Trihalogen-substituted Phenylhydrazines. 

By Frederick Daniel Chattaway and Francis George Daldy. 

It has recently been shown (Chattaway and Bennett, J., 1927, 
2860) that the violence of the reaction which occurs when chloral and 
phenylhydrazine are brought together is so moderated by the 
presence of halogen atoms in thehydrazine nucleus that the products, 
which differ according to the solvent in which the reaction takes 
place, can be isolated. 

The reaction between chloral and the 2:4: 6-trihalogen-sub- 
stituted phenylhydrazines proceeds with such smoothness that its 
course can be completely followed. When chloral reacts with 
2:4: 6-trichlorophenylhydrazine, for example, it at first behaves 
normally, yielding a pale yellow hydrazone (IJ| this compound is 
extremely unstable and loses hydrogen chloride rapidly at the 
ordinary temperature, giving a compound (II) of a brilliant crimson 
colour which is indifferent to acetic anhydride and yields 2:4: 6-tri- 
chloroaniline on reduction : it must therefore have an azo-structure 
and its composition shows it to be aa-dicA?oro-p-2 : 4 : 64richloro- 
b€nze7imzoethyUne, 

The elimination of hydrogen chloride from the initially formed 
hydrazone is a reversible reaction, for when a solution of the azo- 
compound (II) in hot acetic anhydride is saturated with hydrogen 
chloride, chhraU(x.-(iceiyl-2 : 4: : 64ricklorophenylhydrazo7ie is formed. 
The reaction may therefore be expressed : 

NHX-NHa + CCla-CHO [NHX-N.'CH-CCy ^ 

(I*) Nx:]sr-CH:cci2 + Hci. 

[X = CeHaC]8(2:4:6)]. 

Further evidence confirming the constitution of the crimson 
condensation product is affoided by the action of halogens upon it. 
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It combines with chlorine, for example, to give a yellow addition 
product (III), which from its colour must be regarded as having a 
hydrazone structure, the hydrogen atom previously attached to the 
methine carbon atom now being attached to the a-nitrogen atom. 
This compound, like the structurally analogous hydrazone (I), loses 
hydrogen chloride on warming with acetic acid or acetic anhydride, 
the colour reverting to crimson, since the azo-structure is re- 
established, the methine chlorine-substituted azo-compound, 
aap - tricJihro - p - 2 : 4 : 6 - trichlorobenzeneazoethylene (IV), being 
formed. 

(in.) nhx-n:cci-cci3-^nx:n*cci:cci2+ (iv.) 

When the crimson compound (II) is heated with acetic acid 
containing hydrogen chloride, it is converted into glyoxylic acid 
2:4: 6-trichl(yrophenylhydrazone, and if it is heated with alcoholic 
hydrogen chloride, ethyl glyoxylate 2:4: Q-trichlorophenylliydrazone 
is formed, the action in each case depending on the reversible nature 
of the elimination of hydrogen chloride from the 2:4: 6-trichloro- 
phenylhydrazone of chloral. This behaviour explains the formation 
of an alkyl glyoxylate 2:4: 6-trichlorophenylhydrazone when 
chloral reacts with 2:4: 6-trichlorophenylhydrazine in the corre- 
sponding alcohol. 

The formation of the 2:4: 6-trichiorophenylhydrazones of 
glyoxylic acid or the alkyl glyoxylates is due to the hydrolysis of 
the COI3 group of the chloralphenylhydrazone, but this is a much 
slower reaction than the elimiination of hydrogen chloride ; conse- 
quently, when the reaction between chloral and 2:4: 6-trichloro- 
phenylhydrazine takes place in acetic acid or alcoholic solution, 
there first occurs an almost complete formation of the azo-ethylene, 
which, as the hydrolysis proceeds, again combines with the hydrogen 
chloride. 

When the reaction takes place in alcoholic solution, the reaction 
mixture turns brilliant crimson and the azo-ethylene can be isolated 
from it, but the colour gradually disappears as recombination with 
hydrogen chloride takes place and hydrol5rsis proceeds. 

The formation of the glyoxylic acid and alkyl glyoxylate phenyl- 
hydrazones is therefore much facilitated by the presence of excess of 
hydrogen chloride during the reaction, which may be represented 

noH 

XX;N-GH:CC12+H01 NHX-N:CH-C013 — ^NHX-NrCH-COaR. 

The action of halogens upon the 2:4: 6-trichlorophenylhydra55<^|^ 
of glyoxylic acid or its esters yields the corresponding (a-halogjg ftff 
hydrazones, which are also formed when the azo-compqi!y0^'’|^Br 
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are heated in presence of hydrogen chloride with acetic acid or 
alcohol, respectively. 

OL ROH 

nhx-n:ch-co2R“-^nhx-n:cci-co2Ii^nx:n-cci:cci2. 

co-Halogenated alkyl glyoxylate 2:4: 6-trichlorophenylhydrazones 
can also be obtained by esterification of the corresponding o)-halogen- 
ated glyoxylic acid^ 2:4: 6-trichlorophenylhydxazones, and very 
readily by the action of chlorine or bromine on ethyl 2:4: 6-fn- 
chlor(^enzemazoa(^toa(^tate^ prepared by coupling 2:4: 64ri- 
chlorobenzenediazonium chloride with ethyl acetoacetate (compare 
Billow and Neber, Ber., 1912, 45, 3732) ; the acetyl group is removed 
and replaced by halogen ; e.gr., 

ch3-c(OH);9h nhx-n:9-co*ch3 ^ nex-n^ci 

COgEt COgEt GOgEt 

The stability of the <o-halogenated 2:4: 6-trichlorophenyl- 
hydrazones of glyoxylic acid and its esters is remarkable : for 
instance, the halogen atom is not affected by boiling for a short time 
with alcoholic ammonia, a process which readily yields a hydrazidine 
in the case of the co-halogenated benzaidehyde* and w-nitrobenz- 
aldehyde-2 : 4 : 6-trichlorophenylhydrazones. 

Experimental. 

When condensation of chloral and an arylhydrazine takes place 
in aqueous solution, the azo-ethylene, being practically insoluble 
in this solvent, separates and comparatively little hydrolysis occurs ; 
but with acetic acid or alcohol as solvent, the azo-ethylene is first 
formed, giving the reaction mixture an intense crimson colour, and 
unless the hydrogen chloride , is removed, hydrolysis occurs, the 
crimson colour disappears, and the hydrazone of glyoxylic acid or 
its ester is formed. If, however, the acetic acid contains excess of 
sodium acetate, recombination with hydrogen chloride and hydrolysis 
are prevented, and the azo-ethylene can be isolated. 

Action of 2:4: &-TrichloropMnylhydrazine Hydrochloride on 
Ghhrcd Hydride. — (1) In agmms mhition. Chloral hydrate (9 g. ; 
1 mol.) and 2:4: 6-triohlorophenylhydrazine hydrochloride (13*5 g. ; 
I mol.) were dissolved in 1000 c.c. of hot water containing 20 c.c. 
of hydrochloric acid, and the mixture was heated nearly to boiling. 
As the temperature approached 80®, the liquid became turbid and 
aa-d{c&Zoro-p-2 : 4 ; 64richhrobenzeneazoethylene separated in minute 
drops which coalesced to a viscid liquid of a brilliant crimson colour 
and solidified on cooling to a hard crimson cake. It crystallised 
from alcohol, an wMoh It was v^ easily soluble, in deep crimson, 
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acicular plates, m. p. 54° (Found : Cl, 58-05. CgHgNgClg requires 
Cl, 58-25%). 

(2) In iicetic acid solution in presence of sodium acetate. The same 
quantities of reactants in 40 c.c. of acetic acid were warmed to 60°, 
the liquid turning deep crimson and hydrogen chloride being 
evolved ; 8 g. (2 mols.) of finely powdered, anhydrous sodium acetate 
were then added, the mixture was heated on a water-bath for | hour, 
and the aa-dichloro-P-2 : 4 : 6-trichlorobenzeneazoethylene, which 
separated as a dark red liquid and solidified on cooling, was crystal- 
lised from, alcohol. 

(3) In acetic acid solution. If in the foregoing experiment, the 
mixture was heated to boiling without the addition of sodium 
acetate, after 10 minutes the colour had faded to orange, and on 
cooling, glyoxylic acid 2:4: 6-trichlorophenylhydrazone separated. 
It crystallised from acetic acid, in which it was extremely soluble, 
in pale yellow, elongated plates, m. p. 167° (decomp.), identical with 
specimens prepared by direct synthesis. 

(4) In ethyl-alcoholic solution. The hydrazine hydrochloride 
(12 g.; 1 mol.) was suspended in 50 c.c. of ethyl alcohol and 8 g. 
(1 mol.) of chloral hydrate were added; on being warmed for a few 
mi n utes, the solution turned crimson owing to the formation of the 
aa-dichloro-|3-2 ; 4 : O-trichlorobenzeneazoethylene, for when a por- 
tion of the clear liquid was cooled, that compound separated. On 
further heating, the crimson colour slowly faded, and after an hour’s 
boiling a clear yellow solution was obtained from which ethyl glyoxylate 
2:4: ^-trichlorophenylkydrazone separated on cooling. When crystal- 
lised from boiling alcohol, in which it was very soluble, it separated 
in pale yellow prisms, the colour deepening on exposure to daylight ; 
m. p. 97-5° (Found : Cl, 36-1. CioHe02N2Cl3 requires Cl, 36-0%). 

Reactions of aa-i>icAtoyo-P-2 : 4 : ^-trichlorobenzeneazoethylene , — 
(1) With alcohol , 5 G. of the foregoing benzeneazoethyleno were 

boiled with 25 c.c. of alcohol : after 8 hours, the crimson colour had 
changed to pale yellow, and on cooling, ethyl glyoxylate 2:4: 6-tri- 
chlorophenylhydrazone separated. In a similar experiment in 
which the alcohol was first saturated with hydrogen chloride, the 
reaction was complete after 1 hour’s boiling. 

(2) Formation of chloral-^-aceIyl-2 : 4 : %4richlcyrophenylhydrmom, 
A: solution of 5 g. of ota-dichloro-p-2 : 4 : 6-trichlorobenzeneazo- 
ethylene in 10 c.c. of acetic anhydride was saturated at 80° with dry 
hydrogen chloride; the crimson colour faded rapidly, and on 
cooling, chloral‘OL-acetyl-2 : 4 ; 64Tichlorophenylhydrazone separated 
as a colourless solid. It crystallised from boiling alcohol, in 
it was readily soluble, in colourless rhombs, m. p. 144° (F 
N, 74 ; 01, 55-25. CioHsONaClg requires N, 7-3 ; Cl, 55-5%). 
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(3) Adion of chlorine. A stream of chlorine was passed into a 
well-cooled suspension of 10 g. of aa-dichloro-p -2 : 4 : 6 -trichloro- 
benzeneazoethylene in 10 o.c. of acetic acid; the temperature rose 
slightly, and the solid dissolved, giving a pale orange solution from 
which chloral-(ii-chloro-2 : 4 : Michhrophenylhydrazone separated as 
a red, oily liquid; this , solidified on standing with the mother- 
liquor, and crystallised from boiling acetone, in which it was 
easily soluble, in small yellow prisms, m. p. 104° (Found : N, 7*2 ; 
a,66’0. C 8 H 3 N 2 CI 7 requires N, 7-6; Cl, 66-2%). 

If the pale orange solution was heated to boiling, hydrogen chloride 
was evolved and the crimson colour restored; on cooling, aaP- 
tricJdoro -p -2 : 4 : Q4richlorobenze7ieazoethylene was deposited. It 
crystallised from alcohol, in which it was readily soluble, in long, 
bright red needles, m. p. 75° (Found : Cl, 63*0. CgH^NgClg requires 
Cl, 62*8%). 

( 4 ) Action of bromine. 2 C.c. (1 mol. + excess) of bromine dis- 
solved in 6 c.c. of acetic acid were added to 5 g. (1 mol.) of aa-di- 
chloro-p-2 : 4 : 6 -trichlorobenzeneazoethylene suspended in 16 c.c. 
of acetic acid ; the mixture was heated at 60° for 20 minutes and 
then cooled; the aa-c2icAZoro-a-6romo-p-2 : 4 : Q-trichlorobenzeneazo- 
ethylene which separated crystallised from alcohol, in which it was 
easily soluble, in brick-red needles, m. p. 108*6° (Found : Cl, 46*1 ; 
Br, 20*7. CgHgNaClgBr requires Cl, 46*2; Br, 20*76%). 

Synthesis of Cflyoxylic Acid and Ethyl Glyoxylate 2:4: 6-Trichloro- 
phenylhydrazones. — 60 C.c. of 0*8A^-glyoxylic acid solution (prepared 
by electro-reduction of oxalic acid) were added to 12 g. of 2 : 4 : 6 - 
trichlorophenylhydrazine hydrochloride dissolved in 1000 c.c. of 
boiling water ; glyoxylic acid 2 : 4 : 64richlorophenylhydrazone 
separated as a pale yellow, flocculent precipitate. It crystallised 
from hot acetic acid in pale yellow, elongated plates, m. p. 167° 
(decomp.) (Found : Cl, 39-7. OgHgOgNaCls requires Cl, 39*8%). 
When 6 g. of this compound were boiled for 6 hours with 25 c.c. of 
alcohol containing 2 % of hydrogen chloride, and cooled, ethyl 
glyoxylate 2:4; 6 -trichlorophenylhydrazone separated as yellow 
prisms, m. p. 97*6°. 

Ethyl Qlyoxyloite ix-AcetyU2 : 4 : Q4richlorophenylhydrazone. — 5 G. 
of ethyl glyoxylate 2:4: 6 -tiichlorophenylhydrazone were dis- 
solved in 10 c.c. of hot acetic anhydride and a drop of sulphuric acid 
was added; a violent reaction then set in, "^en the mixture 
was cooled, ethyl glyoxyVi^ a~acetyl^2 : 4 : Q4Tichlorophenylhydrazone 
separated. It crystallised from boiling alcohol, in which it was 
readily soluble, in colourless rhombs, m. p, 112 * 5 ° (Foimd : Cl, 31*6, 
CigHiiO^NaCIg requires Cl, 31*5%). 

Action of Chlorine on Ethyl Glyoxylate 2:4: Q^-Trichhronhenuh 
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hydrazone, — A stream of chlorine was passed into a suspension of 
7 g. of ethyl glyoxylate 2 ; 4 : 6-trichlorophenylhydrazone in 20 c.c. 
of acetic acid; the solid gradually dissolved and when a clear 
solution was obtained the whole was poured into water. Ethyl 
glyoxylate <0 - chloro -2:4:6- trichhrophenylhydrazone immediately 
separated as a bulky, white solid; it crystallised from alcohol, in 
which it was easily soluble, in colourless plates, m. p. 73-5°, which 
turned pink on exposure to light (Found : Cl, 42-8. CioHg02N2Cl4 
requires 01, 43-0%). 

This compound was also prepared by boiling a solution of S g. of 
aap-trichloro-p-2 : 4 : 6-trichlorobenzeneazoethylene in 25 c.c. of 
alcohol for 8 hours ; the crimson colour slowly faded to pale yellow, 
and on cooling, the required compound separated, lii a similar 
experiment, the alcohol was first saturated with hydrogen chloride 
and the reaction was then completed in an hour. 

Action of Bromine on Ethyl Glyoxylate 2:4: d-TrichlorophenyU 
hydrazom, — 2 C.c. (1 mol. + excess) of bromine were added to 
5 g. (1 mol.) of the hydrazone dissolved in 25 c.c. of acetic acid, and 
the mixture was heated at 60° for ^ hour ; on cooling, ethyl glyoxylate 
(^■‘bromo-2 : 4 : Q4richlorophenylhydrazone separated. It crystallised 
from alcohol, in which it was extremely soluble, separating in 
feathery, white plates, m. p. 76° (Found: Cl, 28-6; Br, 21-6. 
CioHgOaNgClgBr requires Cl, 28-4; Br, 21-3%). 

Action of Chlorine on Olyoxylic Acid 2:4; &~Trichlorophenyl- 
hydrazone, — A stream of chlorine was passed into a suspension of 
10 g. of glyoxylic acid 2:4; 6-trichlorophenylhydra2one in 30 c.c. 
of acetic acid ; the temperature rose and the solid all dissolved, and 
on cooling, glyoxylic acid <a’Chloro-2 : 4 : 64richlorophenylhydrazone 
separated. It crystallised from hot acetic acid in small yeUow' 
prisms, m. p. 151-5° (decomp.) (Found : Cl, 47-1. 0311402^2014 

requires Cl, 47-0%). 

5 G. of the foregoing compound were esterified by boiling for 0 
hours with 25 c.c. of alcohol containing 2% of hydrogen chloride; 
when the resulting yellow solution was cooled, ethyl glyoxylate 
co-chloro-2 : 4 : 6-triohlorophenylhydrazone separated as white plates, 
m. p. 73-5°, identical with the compound described above. 

Ethyl 2:4: 6-Trichlorobenzenmzoacetoacetate, — 20 6 . (1 mol.) of 
2:4: 6-trichloroaniIine were diazotised and the filtered solution 
was added slowly and with vigorous stirring to a well-cooled mixture 
of 13 g. (1 mol.) of ethyl acetoacetate dissolved in 200 c.c. of alcohol 
and 300 g. of sodium acetate in 1600 c.c. of water. The etii/yl 
2:4: 64ri€Morobemermzoacetoa(^ that separated crystaHii^!|i 
from alcohol in small yellow prisms, m. p. 94-5° (Found : 01, 
C12H11O3N2CI3 requires Cl, 31*6%). . 
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Action of GMorine and of Bromine on E^yl 2:4: 6-Triohloro- 
benzeneazoacetoaeetate. — When chlorine was passed into a suspension 
of 5 g. of the ester in 20 o.c. of acetic acid, heat was evolved ; the 
pale yeEow solution obtained, on cooling, deposited ethyl glyoxylate 
(o-chloro-2 : 4 : 6-triohlorophenylhydrazone as colourless plates, 
m. p. 73-5'’, identical with specimens previously prepared. 

2 C.c. of bromine (1 mol. + excess) in 6 c.c. of acetic acid were 
added to 5 g. (1 mol.) of ethyl 2:4: 6-trichlorobenzeneazoaceto- 
acetate in 20 c.c. of acetic acid and the mixture was heated at 60® 
for J hour : on cooling, ethyl glyoxylate «-bromo-2 : 4 : 6-triohloro- 
phenylhydxazone separated in colourless needles, m. p. 75°, identical 
with the compound described above. 

A similftT series of reactions has been carried out with 2:4: O-tri- 
bromophenylhydrazine, and the following compounds prepared : — 
0i«-DiMoro-^-2 : 4 : 6-tribromobemeneazoeffiylene, crimson plates 
from alcohol, m. p. 92° (Found : 0, 22-2 ; H, 0-9 ; N, 6-6 ; Cl, 16-2 ; 
Br, 64-7. CgHgNjClaBrs requires 0, 21-9 ; H, 0-7 ; N, 6-4 ; Cl, 16-2 ; 
Br, 54*8%). ota^-TricJdoro-^-2 : 4 : &4ribromabenmmatoethyle'ne, 
long, deep red, flat prisms from alcohol, m. p. 105° (Foimd : Cl, 
22-4; Br, 50-6. CgHgNaCprs requires Cl, 22-6; Br, 50-8%). 
(taL-Di(Moro-^-bromo-^-2 : 4 : Q-lribromobemermzoeiOiylme, flat, deep 
red prisms from alcohol, m. p. 115° (Found : Cl, 13-7 ; Br, 61-6. 
C 8 H 2 N 2 Cl 2 Br 4 requires Cl, 13-7 ; Br, 61-9%). Qlyoxylic acid 
2:4: 6-tribromophmylhydrazom, faintly yellow, irregular plates 
from acetic acid, m. p. 170-5° (decomp.) (Found : Br, 59-6. 
CgHg02lT2Br3 requires Br, 59-8%). Ethyl glyoscylaie 2:4: 6-in- 
bromophenylhydrazone, pale yellow, flat prisms from alcohol, m. p. 
126° (Found : C, 28-2; H, 2-1; N, 6-5; Br, 55-9. CioHjOaNjBrs 
requires C, 28-0; H, 2-1; N, 6-5; Br, 55-9%). Ethyl glyoxylate 
a.-a£etyl-2 : 4 : 6-tribromophenylhydraiZom, colourless rhombs from 
alcohol, m. p. 133-5° (Found : C, 31-0; H, 2-4; IST, 6-3; Br, 50-8. 
CjaHiiOgNjBrj requires C, 30-6; H, 2-4; N, 6-0; Br, 50-9%). 
Ethyl glyoxylate M-ctoro-2 : 4 : Q-t/r^omoyihenylhydrcmne, colourless 
plates from alcohol, m. p. 108-5° (Found: Q, 7-7; Br, 51-8. 
C^oHgOaNaClBra requires Cl, 7-7 ; Br, 51-8%). Ethyl glyoxylate 
<ii-bromo-2 : 4 : Qdxiyomophenylhyda'azom, elongated colourless plates 
from acetic acid, m. p. 102-5° (Found : Br, 62-8. CioHgOjNgBrg 
requires Br, 63-0%). Ethyl 2:4: 6-t7%romobenzerieazoaoetocicetate, 
small yellow prisms from alcohol, m. p. 96-5° (Found : Br, 50-8. 
CjaHiiOaNgBrs requires Br,,50-9%). 

7^ QusBir’s Coij<EOE, Oxvobd; 


[Received, August 18«/i, 1828.] 
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CCCLXV . — Metallic Derivatives of Hydroxy-esters. 
Part I. Copper and Nickel Derivatives of Methyl 
Salicylate. 

By Brian Wilfred Doak and John Packer. 

The alkali salts of the complex acids theoretically derived from 
hydroxy-acids by the replacement {in part at least) of the hydrogen 
of the hydroxyl groups by various metals have been the subject of 
many investigations {see Wark, J., 1923, 123, 1816, 1826; 1924, 
125, 2004; 1927, 1753, for references)^ It is, however, impossible 
to assign definite constitutional formulas to all but the simplest of 
them owing to the difficulty of distinguishing between the carboxylic 
and the hydroxylic hydrogen atom and the extent to which each is 
•replaced by the metal of the complex anion. 

The metallic derivatives of the corresponding hydroxy-esters 
appear to have been little investigated. The potassium and barium 
derivatives of methyl salicylate and various metallic derivatives of 
ethyl acetoacetate have long been known ; sodium and potassium 
metalloacetoacetates, however, are unknown. Since the completion 
of the present work Burrows and Wark {this vol., p. 222) have 
described anhydrous methyl aluminosalicylate, A1(C8H703)3, the 

complex aluminosalioylic acid, {C7H403)2A1 q 2 > ^ number 

of its salts : they did not succeed in preparing salts of the type 
M3[(C,H,03)3A1]. 

It is to be expected that, as in the case of the sodium salts, the 
stability and ease of formation of the esters of the complex metal- 
substituted hydroxy-acids would be greater the more acidic the 
hydroxylic hydrogen atom. The esters of phenolic acids should 
therefore yield more stable metallic derivatives than the esters of 
aliphatic hydroxy-acids, and for this reason salicylic acid was chosen 
for investigation first. Sodium cuprisalicylate (anhydrous) has been 
isolated by Wark (J., 1927, 1753), who assigns to it the formula 
Na2[0u(C7H,03)2]- 



Me9=:CH--q-OEt 
0 \ .0 
yGn<:' 

0 / 'O 

MeC=CH-t^‘OEt 

(H.) 


OMe OMo 



(HI.) 


Starting with methyl salicylate, the authors have prepared 
cupristdicyMe and nickdosaUcylaie as crystalline dihydratei^il^JP 


anhydrous methyl cuprisalicylate, which differs somewhat 
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h^’^drated form in its solubility in organic solvents. The constitu- 
tions of the hydrates are best represented as in (I ; X = Cu or Ni), 
the two molecules of water being held by co-ordination bonds to 
the central copper or nickel atom, which has a co-ordination number 
of four. These hydrates are non-volatile solids, undergoing exo- 
thermic decomposition on heating and leaving a quantitative residue 
of the metallic oxide. In this respect methyl cuprisalicylate 
dihydrate differs from ethyl cupriacetoacetate, wWch is not 
hydrated, is volatile below its decomposition temperature, and 
shows considerable solubility in liquids of low dielectric constant, 
such as chloroform, and therefore probably is a co-ordinated copper 
compound possessing a chelate ring structure as shown in (II), the 
dotted lines denoting co-ordination bonds (the copper atom sharing 
a pair of electrons belonging to each carbonyl oxygen atom and 
thus completing its octet of electrons). The tendency of anhydrous 
methyl cuprisalicylate towards similar co-ordination with chelate 
ring formation (III) is apparently small, as shown by its relatively 
small, although appreciable, solubility in chloroform (in which the 
hydrate is, however, insoluble) and its non-volatility. 

Methyl cuprisalicylate and nickelosalicylate dihydrates are com- 
pletely decomposed by mineral acids. They are insoluble in cold 
water ; but when boiled with water, methyl cuprisalicylate under- 
goes complete hydrolysis to methyl salicylate and copper hydroxide 
(or oxide), and methyl nickelosalicylate yields methyl salicylate 
and methyl hydroxynickelosalicylate (IV : X = Ni ; R = H). " The 

(IV) COaMe-CeH^-O-X-OR 
(V) G02Me-06H4-0-Cu-0-Ou-0-C6H4-C02Me 
corresponding copper compound (IV ; X = Cu ; R = H) can be 
obtained, by less energetic hydrolysis, by passing wet air over 
methyl cuprisalicylate dihydrate at 100®. This methyl hydrox^j- 
cupriaalicylatei on heating at 100® in a stream of dry air, undergoes 
dehydration to yield the hosie com^owid (V). The hydrolysis 
of methyl cuprisalicylate, which occurs according to the equation 
(OOgMe-CeH^-Ol^C^i + H^O ^ COgMe-GeH^-OH + 

CO^Me-CeH^-O-Cu-OH, 
is reversible, the hydroxycuprisalicylate slowly absorbing methyl 
salicylate vapour at the ordinary temperature. That hydrolysis 
can also proceed very slowly at the ordinary temperature is shown 
by the facts that methyl cuprisalicylate dihydrate gradually loses 
weight in a vacuum (2 cm.) to an extent greatly in excess of that 
corresponding to the loss of its two molecules of water and that 
methyl cuprisalicylate and nickelosalicylate dihydrates smell quite 

fl+TTAnopW rtf WAf-livl naliPTrlAfA of. nrrliTnarxy 'fATnT\aT>a+Yi-PA A 
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hydrous methyl cuprisalicylate, however, is stable at temperatures 
up to 100® in the absence of water vapour. 

Methyl cuprisalicylate and aaickelosalicylate dihydrates also 
imdergo alcoholysis with methyl and ethyl alcohols. The reaction 
between methyl cuprisalicylate dihydrate and methyl alcohol occurs 
(partly at least) at the ordinary temperature, whereas that 
with ethyl alcohol occurs only on boiling. When boiled with 
methyl alcohol, both esters yield the respective methoxymetallo- 
salicylates {TV : X = Cu or Ni ; R = Me) as insoluble residues. 
The reaction 

(CO2Me-0eH4-O)2X + MeOH ^ C02Me’CeH4-0H + 

COaMe-CgH^-O-X-OMe 

is reversible and the insoluble methoxy-compound can readily be 
made to pass into methyl-alcoholic or acetone solution as the 
original metallosalicylate by the addition of methyl salicylate. 
The reversibility of this reaction is the basis of the method for the 
preparation of anhydrous methyl cuprisalicylate (see p. 2768). 

On boiling with ethyl alcohol, methyl nickelosalicylate dihydrate 
gives the corresponding insoluble etTioxy-compound (IV : X == Ni ; 
R =: Et). Methyl cuprisalicylate dihydrate behaves differently, the 
alcoholysis with boiling ethyl alcohol proceeding a stage further to 
give small quantities of methyl salicylate and cv^ic ethoxide, 
Cu(OEt) 2 . The addition of very little methyl salicylate completely 
suppresses the alcoholysis in this case. 

These alkyloxy-derivatives are stable in the absence of moisture, 
even at 100®, but undpgo hydrolysis in its presence, although only 
very slowly at the ordinary temperature. Methyl methoxycupri* 
salicylate, on heating at 100° in a stream of moist air, gives methyl 
alcohol and the same hydroxycuprisalicylate as is obtained by the 
hydrolysis of the original cuprisalicylate. 

Direct methylation of sodium cuprisalicylate, Cu(0*CQH4*C02Na)2 
(VI), to methyl cuprisalicylate by means of methyl iodide or sulphate 
in non-aqueous solvents could not be eflEected, but the latter reagent 
converts sodium cuprisalicylate in aqueous or aqueous-alcoholic 
solution into the basic compound (V) in 70% yield. Now sodium 
cuprisalicylate undergoes hydrolysis in aqueous solution, as is shown 
by the appearance of a pale green precipitate after a very short 
time. If the first stage of the hydrolysis is the production of sodium 
salicylate and a basic compound analogous to (V) (with Na in place 
of Me), the formation of (V) by means of methyl sulphate 
readily be understood and is in agreement with the simple . C|^ ,. 
stxtutional formula (VI) assigned to sodium cuprisalicylate by 
(loc. cit). , 
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When concentrated ammonia is added to alcoholic solutions 
(containing methyl salicylate) of methyl cuprisalioylate and methyl 
nickelosalicylate, aminine complexes are formed, but only methyl 
diamminenickelosaUcylate has been isolated, two ammonia molecules 
having replaced the two water molecules of the dihydrate (I; 
X = Ni). This diamminenickel compound crystallises in three 
forms, two of which are metastable. On heating with water it 
undergoes rapid hydrolysis, the basic methyl hydroxynickelo- 
salicylate (XV : X = Ni ; R = H), identical with that obtained by 
the hydrolysis of the dihydrate (I), being produced. 

Copper and nickel have a co-ordination number of four in the 
compounds formulated above. Burrows and Wark {loc, cit) regard 
the aluminium atoms in methyl and ethyl aluminosalicylates and 

in the salts of the acid H. j^(C7H403)2AlQg J as havingaco-ordination 

number of six. The latter salts^ however, can be simply formulated 

as (C02M'CgH4'0)2Al<]Qjj^, according to which the aluminium 

atom has a co-ordination number of four. This is in agreement 
with the failure of Burrows and Wark to resolve the ion 

j”(C7H403)2AlQg j into optical antipodes. The dihydrates and 

dialcoholates of these salts can then be represented as containing 
aluminium of co-ordination number six. The properties of methyl 
aluminosalicylate, (C02Me-CeH4'0)3Al, do not lend much support 
to the contention that it is definitely a stable co-ordinated compound 
of aluminium, although no doubt there is a tendency towards 
co-ordination (with the CIO of the carbomethoxy-groups) with 
chelate ring formation. A comparison of methyl or ethyl alumino- 
salicylate with ethyl aluminomalonate and of methyl cuprisalioylate 
with ethyl cupriacetoacetate indicates an increased tendency 
towards co-ordination with the formation of chelate rings on passing 
from the salicylate to the open-chain compounds, a tendency 
which is fully developed in the metallic derivatives of acetylaeetone. 

Experimental. 

Methyl Cuprisalicylate DihydraU (I ; X =t Cu). — Copper acetate 
dihydrate (36 g. ; slightly less than the theoretical quantity) in 
aqueous solution and concentrated ammonia (16 c.c.) were added 
to a solution of methyl salicylate (50 g.) in about five times its 
volume of 94% ethyl alcohol. Methyl mtprisalicylate dihydrate, 
which rapidly crystallised, was removed, washed with 50% and 
finally with 80% alcohol, in which it was practically insoluble, and 
air-dried (yield, 67%) (Found: C, 47-8; H, 4-5; Cu, 15-8; M, 
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ebuUioscopic in acetone* 397. CigHisOgCu requires C, 47-8; H, 
4-6; Cu, 15-8%; 401*7). 

The dihydrate is a green crystalline solid, soluble in acetone 
(from which it may readily be recrystallised), methyl salicylate, 
and benzene, very slightly soluble in ether, and insoluble in chloro- 
form. It begins to decompose at 115°, but suffers partial hydrolysis 
at lower temperatures owing to interaction with its water of 
crystallisation. 

Hydrolysis. In a vacuum, methyl cuprisalicylate dihydrate lost 
water and methyl salicylate, very slowly at the ordinary temperature 
and more rapidly at 100°, but the hydrolysis was incomplete. 
When the dihydrate was heated in air at 100°, the hydrolysis was 
also incomplete owing to the escape of some of the water of crystal- 
lisation. 

A stream of air saturated with water vapour was passed over 
methyl cuprisalicylate dihydrate heated at 100 — 105°. After 10 
days the weight of the residual methyl hydroxycuprisalicylate (IV : 
X = Cu ; Bi = H) was almost constant (Found : loss, 37*6. Calc, 
loss due to hydrolysis, 42-3%). The stream of moist air was then 
replaced by one of dry air ; the weight again decreased and became 
constant after a further 6 days, the basic compound (V) having been 
formed (Found : 0, 43*1 ; H, 3*3 ; Cu, 28*5. C1SH14O7CU2 requires 
0, 43*1 ; H, 3*2 ; Cu, 28*6%). The total loss in weight was 44*4% 
(calc., 44*6%). 

Alcoholysis of Methyl Cuprisalicylate Dihydraie. — (i) With methyl 
alcohol. Formation of methyl methoxycuprisalicylate (IV ; X =s Cu j 
B == Me). When methyl cuprisalicylate dihydrate was treated with 
cold methyl alcohol, the green colour changed to blue ; very little 
material dissolved, however, even on boiling. Methyl cupri- 
salioylate dihydrate was treated with methyl alcohol in a Soxhlet 
apparatus until the extract was colourless : methyl salicylate and 
a very little methyl cuprisalicylate dihydrate were identified in the 
extract. The residue after extraction was methyl methoxycupri- 
salicylate (Found in air-dried material : C, 43*9 ; H, 4*2 ; Cu, 25*9 ; 
M, ebuUioscopic in chloroform, 238. C9H10O4OU requires 0, 43*9 ; 
H, 4*1 ; Cu, 25*9% ; ilf, 245*6), 

Methyl methoxyouprisalicylate is a blue solid, non- volatile but 
decomposed on heating, soluble in chloroform but insoluble in 
water, methyl alcohol, ether and acetone. It is decomposed by 
mineral acids. Boiling water completely hydrolyses it to methyl 
salicylate, methyl alcohol, and copper oxide, but in moist air the 
methoxy-group only is attacked. When heated at 100° in a stream of 
wet air (4 days) and thereafter in dry air (4 days), it gave suodesE*- 
sively methyl hydroxycuprisalicylate (Found : loss, 6*7* 
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5-7%) and the basic compound (V) (Found : total loss, 9*3. Calc., 
9*4%. Found in final material : 6, 43*1 ; H, 3*3 ; Cu, 28*5. Calc, 
for CjeHi^OyCua : 0,43*1; H, 3*2; Cu, 28*6%). 

(ii) With ethyl alcohol. When methyl cuprisalicylate dihydrate 
was boiled with ethyl alcohol the bulk of it (hssolved to give a deep 
green solution, but there was a small residue of cupric ethoxide, 
probably contaminated with cupric oxide (Found in air-dried 
material : C, 31*3 ; H, 6*5 ; Cu, 42*6. C4Hio02Cu requires 0, 31*4; 
H, 6*6 ; Cu, 41*4%). On further boiling, the green solution turned 
brown and a small quantity of copper oxide, no doubt formed by 
hydrolysis by the small amount of water present, separated. 

Anhydrous Methyl Cuprisalicylate. — ^Methyl methoxycuprisali-. 
cylate (24*5 g.) was dissolved in a solution in anhydrous acetone of 
the theoretical quantity of methyl salicylate (15*2 g.). Anhydrous 
methyl cuprisalicylate separated and was dried over calcium chloride 
(Found ; C, 52*4 ; H, 4*0 ; Cu, 17* 4. CieHi403Cu requires C, 
52*2 ; H, 3-9 ; Cu, 17*4%). It is a green solid which does not crystal- 
lise well, is slightly soluble in chloroform and insoluble in acetone, 
and gives with methyl alcohol the methoxy-derivative (IV : X =5 
Cu ; R = Me). 

Methylation of Sodium Cuprisalicylate. — Sodium cuprisalicylate 
(5 g.), prepared by Wark’s method (Zoc. cii.), was dissolved in water 
(50 O.C.), an excess of methyl sulphate (2 c.c.) immediately added, 
and the whole shaken at 40® for 15 minutes. The basic com- 
pound (V) separated as a dull green solid; it was washed with 
water and acetone and air-dried (Found ; C, 43*0 ; H, 3*2 ; Cu, 
28*6%). . 

Methyl Nickelosalicylate Dihydrate (I ; X = Ni). — ^An aqueous 
solution of nickel chloride was added to an alcoholic solution of 
methyl salicylate (theoretical quantities), the whole being made 
neutral by the addition of concentrated ammonia solution. The 
methyl nickelosalicylcde dihydrate did not crystallise nearly as readily 
as the copper compound and the yield was much less (Found in 
air-dried material : C, 48*3 ; H, 4-7 ; Ni, 14*7. CigHigOoNi requires 
C, 48*4; H,4*5; Ni, 14*8%). 

Methyl nickelosalicylate dihydrate is a light green, crystalline 
substance, insoluble in water and chloroform but soluble in acetone. 

Hydrolysis. When the dihydrate was boiled with water, the 
colour changed to a darker green and mdhyl hydroxyniclcelosalicylate 
(IV : X = Ni ; B = H) was fosrmed (Found in air-dried solid : 
C, 42*1 ; H, 3*6 ; Ni, 25*9. C8Hg04Ni requires C, 42*3 ; H, 3*5 ; 
Ni,26*9%).^ 

AlmhAysis. When the dihydrate was boiled with methyl or 
ethyl alcohol, a portion dissolved, leaving a green residue of methyl 
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mdhoxyniclcdosdici/late {IV : X = Ni ; R = Me) (Found in air- 
dried material : C, 44-8 ; H, 4*2 ; Ni, 24-2. C 9 Hio 04 Ni requires 
C, 44’9 ; H, 4’2 ; Ni, 24-3%) or methyl ethoxynickelosdicylate (Found 
in air-dried material : 0, 46’0 ; H, 4*8 ; Ni, 23'0. CioHigO^Ni 
requires C, 46'1; H, 4-7 -, Ni, 23-0%), respectively. These two 
substances are insoluble in acetone but soluble in chloroform. 

Methyl Dicmminenickdosdlicylate . — When an excess of concen- 
trated aqueous ammonia was added to a mixture of the theoretical 
quantities of an aqueous solution of nickel chloride and an alcoholic 
solution Oj^ methyl salicylate, the colour changed from green through 
blue to deep purple ; purple octahedral crystals of methyl diamnine- 
nickeloscdicylate slowly separated and were washed with aqueous 
alcohol containing ammonia and dried in an atmosphere containing 
ammonia (Found; C,48’6; H,5-2; N,7'l; Ni,14'8. CigHjoOeNjNi 
requires 0, 48'6; H, 5-2; N, 7-1 ; Ni, 14-9%). By the ad^tion of 
a considerable excess of ammonia in this preparation, the diammine 
compound was obtained in two metastable forms, viz., very fine 
needles and many-faced crystals of undetermined form, both of 
which changed fairly rapidly in contact with the solution into the 
stable octahedral form. Analyses of mixtures of these forms gave 
figures identical with the above. 

Methyl diamminenickelosalicylate is a bright purple, crystalline 
solid which smells slightly of ammonia and methyl salicylate on 
exposure to the air, is insoluble in hot or cold acetone, ether and 
chloroform, and is only slightly attacked by boiling methyl and 
ethyl alcohols, in which it is insoluble. Heated in a stream of dry 
air or ammonia, it lost over 40% by weight; only a portion of 
the ammonia present in the original diammine compound was 
evolved as such. 

Hydrolysis. The diammine compound dissolved in cold water to 
give a blue (concentrated) or green (dilute) solution which was 
unstable owing to hydrolysis and immediately started to throw 
down a green, fiocculent precipitate. On boiling, it gave ammonia, 
methyl salicylate, and a green residue of methyl hydroxyniokelo- 
salioylate (Found in the air-dried solid : 0, 42-2 ; H, 3*6 ; Ni, 25-8. 
Calc, for CgHgO^Ni : 0, 42-3 ; H, 3-5 ; Ni, 25'9%). 

Other metallic derivatives of methyl salicylate are under investig- 
ation. 

Cantebbuby Colleos, 

Ukivebsiyy 07 Hew Zbaeaei). [Received, July 23rd, 1928 .] 
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CCCLXVI . — Investigations in the Diphenyl Series. 
Part VIII. Derivatives of 2-Amino- and 4-Amino- 
diphenyl. 

By Fbauk Bell. 

Isr view of the anomalous nitration of 2-aoetamidodiphenyl, which 
yields 4'-nitro-2-acetainidodiphenyl (I) as a primary product 
(Scarborough and Waters, J., 1927, 89), the behaviour of 2-p- 
ioluenesv^honcmidodi^henyl has been examined (compare J., 1926, 
2708; 1927, 1129). This compound nitrates with the greatest 
ease first in the 5-position (II) and then in the 3-position (III). 
The same ease of substitution is shown by i' -niiro-2-p-toluew- 
eulphommidodiphenyl, since under gentle conditions of nitration 



OaN OgN 

QPh <^I 

^H-SOa-CjH^ OgN NH' 

(H.) 


-Ph 

SOa-C^H^ 
(m.) 


it yields the 3 : S : 4'-in*m>o-derivative (IV). This behaviour is in 
marked contrast with that of the acetylated bases, for 5 : 4'-dinitro- 
2-acetamidodiphenyl (V) can be recovered unchanged after solution 
in fuming nitric acid. 2-Acetamidodiphenyl itself undergoes 
nitration less readily than 4-acetamidodiphenyl, but the intro- 
duction of a nitro-group can be effected without use of sulphuric 


(IV.) 



O 2 N 

<Q>-<3>N02 (V.) 

NHAc 


acid, and in this case the primary product is the 6-m<ro-derivative. 
Further nitration of this, under all the conditions tried, gave 5 : 4'- 
dinitro-2-acetamidodiphenyl (V) as the only isolable product. 
This behaviour accords well with the nitration of 4-aoetamidodi- 
phenyl, which gives the S-nitro-derivative (VI) as primary product 
and then the 3 : 4'-dinitro-derivative (VIE) (Scarborough and Waters, 
J., 1927, 1134), and these results suggested that 4-p-toluenesul- 
phonamidodiphenyl should give the 3 : S-diraiSro-derivative (VIII) : 
actually it does nitrate with the utmost ease in the 3 : 5-positions. 


NO, 


Ph/^NHAc N02<^^— /^ISTHAc Ph/^NNH-SOa-i^Hy 

^NOa 

(VI.) (vn.) 

This dinitro-oompound (VUl) on hydrol 3 ^is readily 3 delds the 


(vm.) 
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dinitro-base (IX), which is entirely difEerent from the compound, 
to which Fichter and Sulzberger (-Ber., 1904, 37, 878) assigned this 
constitution. It is more highly coloured and less easily acetylated, 
and possesses the much greater solubility and lower melting point 
which compounds with groups in the 3-position invariably show 
when compared with compounds having the same substituents in 
the 4'-position. 

2-■p’•Tol^tS7les^Uphomnetkylamidodiphenyl also nitrates in the 5- 
position, but since compounds of this type nitrate so much less 
readily and quantitatively than the corresponding unmethylated, 
derivatives, it is preferable to effect nitration before methylation. 

A difficulty in acetylating amines having nitro-groups in positions 
adjacent to the amino-group has been noticed in this work : 3:5- 
dinitroA-aminodiplmiyl (IX) and 3 : 5-dinitro-4-methylamino- 
diphenyl (X) are acetylated only in the presence of sulj)huric acid, 
and the acetyl derivative of 3 : 5’dinUro-2-nminodiphenyl (XI) has 
not yet been obtained. 

This investigation suggests that the arylsulphonyl gi'oup has a 



(IX.) 



Ph 



(XL) 


considerable advantage over the acetyl group for the preparation 
of highly nitrated amines in good yield. In higher nitrations 
(especially in examinations of a quantitative character) the liability 
of a nitro-group to enter the p-toluenesulphonyl residue has to be 
guarded against. This diflSculty can be overcome by the use of the 
m-nitrobenzenesulphonyl derivative or the p-nitrobenzenesulphonyl 
derivative, which has now been made readily accessible (see p. 2776). 

The nitration of the p-toluenesulphonyl derivative of 4-hydroxy- 
diphenyl to give the 4'-derivative (XII) is in such marked contrast 
with the nitration of the corresponding derivative of 4-amino- 


NO 


OOio. 


QoH, 

'•SO. 


■NO. 


.ir.-NO. 


NOs 

(xn.) (XIII.) (XIV.) 

diphenyl (above) that the first use of p-nitrobenzenesulphonyl 
chloride has been made in contrasting the behaviour of the deriVr , 
atives of ^j-cresol and of jj-toluidine : -p-tolyl ^■nitrdbeme‘nes%dph 
nitrates in the 2-position (XIII), and p-m>o6ewgei 
tolyUmide in the 3 : 6-positions (XIV), of the toluene i.| 

(Me = i). That the p-nitrobenzenesulphonate group 
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directing is shown by the nitration of 'phenyl 'p-nifrobenzenesulphonate 
to gix’^e the 4-%i/ro-derivative (XV). 


(XV.) NO,/"^-SO,-CeH4-NO, 


O 




I 




(XVI.) 


The results outlined above show the powerful orienting nature 
of the benzenesulphonamido-group, its weakening in the benzene- 
sulphonmethylamido-group, and its complete overthrow in the 
benzenesulphonates . 

It appears that the positively charged sulphur atom of the 
sulphonamido-group (XVI) facilitates and stabilises the adoption 
of a negative charge by- the nitrogen atom (shown by sodium salt 
formation), and causes substitution to proceed as in the case of a 
phenol. The observed sensitiveness of the acetyl group to conditions 
of nitration can only be explained on the assumption that the 
acetamido-group enters into salt formation with a strong acid (see, 
inter alia, Dadswell and Kenner, J., 1927, 1102), being thereby 
converted into a very weakly orienting positive group, so that 
further substitution naturally resembles that of 2-nitrodiphenyl 
(Le F^vre and Turner, J., 1926, 2043; Bell and Kenyon, ibid., p. 
2707). 

The mercuration of diphenyl derivatives has been little studied, 
though such mercury compounds would seem to oflfer a ready source 
of substances, such as 3-bromo-4-acetamidodiphenyl, otherwise 
difficult to obtain. A preliminary examination has now been made. 
2-Aminodiphenyl monomercurated in the 5-position (XVII), for 
the product after acetylation and demercuration gave 5-bromo-2- 
acetamidodiphenyl. 



(XVIL) 


(xvm.) 


Me<^^NHAc 

^Tig'OAc 

(XIX.) 


4-Aminodiphenyl, by analogy with its behaviour on halogenation, 
must mercurate in the 3-position, but the monomercuri-derivative 
actually obtained gave 3 : 4'-dibromo-4-acetamidodiphenyl on 
acetylation and demercuration, a result which is attributed to the 
fact that, owing to the limited solubility of the mercury compound, 
the treatment with bromine must take place in hot acetic acid 
solution. 

This observation recalls the ease with which 4-aoetamidodiphenyl 
brominates in the 4'-position (Scarborough and Waters, J., 1926, 
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667 ; Kenyon and Robinson, ibid., p. 3060) and in view of the results 
described earlier in this paper it seemed of interest to eya.miTift the 
bromination of 4-p-toluenesulphonamidodiphenyl. Under the 
esperimental conditions used, only the S-firmo-derivative could 
be isolated, and in poor yield. 

3-Bromo-4-hydroxydiphenyl gave a 9»o?wwiercMri-derivative, and 
on treatment with bromine this gave 3:6: 4'-tribromo-4-hydroxy- 
diphenyl : the tribromination of 4-hydroxydiphenyl is not easily 
accomplished in normal circumstances. 

The preparation of the above mercurated acetanilides directed 
attention to the statement that aceto-p-toluidide on mercuration 
behaves abnormally in giving the anhydro-oompound (XVIII) 
(Schrauth and Sohoeller, Ber., 1910, 43, 2808). The preparation of 

1- cmtoxymercuria^eto-ij^-toluidide (XIX) both by direct mercuration 
and by acetylation of acetoxymercuri-p-toluidine is now described. 

2-Aminodiphenyl appears to offer a ready means of obtaining the 
highly interesting hydrocarbon o-diphenylene (Dobbie, Pox, and 
Gauge, J., 1911, 99, 683; 1913, 103, 36) by elimination of its 
diazotised amino-group with copper powder (a method so successful 
in the preparation of fluorenone derivatives from aminobenzo- 
phenones ; Ullmann and Mallet, Ber., 1898, 31, 1694). However, 
under the conditions of the present experiments 2-chlorodiphenyl and 

2- azodiphenyl were the only isolable products. 


Experimental. 


2-Aminodiphenyl was prepared in 80% yield by the method of 
Scarborough and Waters {he. cit,). West’s process (J., 1925, 127, 
494) applied to 2-nitrodiphenyl gave a brown 2-aminodiphenyl in 
only 55% yield. 

Attempted Preparation of o-Diphenylene . — The filtered diazo- 
solution prepared from 2-aminodiph6nyl (17 g.) was poured into 
a well-stirred copper paste (from copper sulphate, 126 — 300 g.). 
From the reaction mass, by distillation in steam, a small quantity of 
oily 2-chlorodiphonyl was obtained which crystallised after being 
shaken with hydrochloric acid and with sodium hydroxide; m. p. 
33° (Found : 0, 76-6; H, 4-6. Calc. : 0, 76-4; H, 4-8%). From 
the residue after steam distillation, ether extracted a gummy 
substance ; extraction of this with cold petroleum left almost pure 
2-azodiphenyl, which crystallised from petroleum in orange needles, 
or from a very concentrated benzene solution in garnet-red prisms. 


m. p. 144° (Pound : 0, 86-4 ; H, 6-7. Calc. : C, 86-2 ; H, 6-4%).. 

5-Nitro-2-aoetcmidodiphenyl . — ^To a mixture of nitric add 
20 c.c.) and acetic acid (20 c.c.) was added 2-aoetamidod |gM | i |P 
(10 g,), the temperature being kept below 30°. After J WWillte 
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solution was poured into water and the precipitated solid was 
removed and boiled with alcohol. The filtered solution deposited 
5-nUro-2-acetamidodiphemyl in thick orange needles, m. p. 133“ 
(Found ; C, 65-3 ; H. 4-6. OijHjaOglira requires C. 66-6 ; H, 4-7%). 

If the temperature is allowed to rise during the nitration, there 
is formed in addition to the above compound a mixture of more 
highly nitrated products, which are readily separated owing to 
their sparing solubility in hot alcohol. 

5-Nitro-2-ami7iodiphenyl, obtained by hydrolysis of its acetyl 
derivative with alcoholic hydrochloric acid, crystallised from 
alcohol in yellow needles, m. p. 125“ (Found : C, 66’8 ; H, 4'6. 
CiaHjoOaNa requires C, 67-3; H, 4-7%). The base was readily 
re-acetyiated and converted into its^ p-toluenesulphonyl derivative 
by the usual methods. 5-Niiro-2-]p-tolmmsvlphoncmidodiphenyl 
crystallised from acetic acid in thick, pale yellow needles, m. p. 
169“ (Found: C, 62-2; H, 3-9. CijHijOjNaS requires C, 62-0; 
H, 4-3%). 

2-p-Tdmyies%dphonam,idodiphenyl, obtained from 2-aminodiphenyl 
by the usual method, crystallised readily from acetic acid, alcohol, 
or benzene-petroleum in large rhombs, m. p. 99“ (Found : C, 70*6 ; 
H, 6-3. requires C, 70-6; H, 6‘3%). Methylation 

yielded 2-p-tolmnesidphmmeihylamidodip7ienyl, which crystallised 
from alcohol in prisms, m. p. 136“ (Found: C, 71-2; H, 6-8. 
CaoHijO^S requires C, 71-3; H, 5-6%). 

Nitration of 2-p-Tohienesidphonamidodiphenyl. — (a) 2-5 G. were 
warmed on a water-bath for 7 hours with a mixture of water (25 c.c.) 
and nitric acid (2-6 c.c.). The product, crystallised from acetic 
acid, gave pure 5-nitro-2-p-toluenesulphonamidodiphenyl (see 
above). 

(6) To 3'7 g., dissolved in acetic acid (37 c.c.) at 70“, was added 
nitric acid (d 1-6; 3 c.c.) in acetic acid (3 c.c.), and the whole was 
maintained at 70“ for J hour. On cooling, the liquid filled with 
prisms of 3 : 5-dinitro-2-p-tohimesulphonamidodiphenyl, m. p. 
186“, unchanged after crystallisation from acetic acid (Found : C, 
55-5; H, 3-8. CijHisOoNaS requires 0, 65-7; H, 3*6%). A 
solution of this compound (2 g.) in sulphuric acid (4 c.c.) was after 
i hour poured into water and neutralised with ammonia; the 
precipitated 3 : 5-dinitro-2-aminodiphenyl crystallised from alcohol 
in lustrous yellow plates, m. p, 182“ (Found : C, 65-2 ; H, 3-6. 

reqTures C, 56-6; H, 3*6%). This base was recovered 
unchanged after boiling under refiux for 2 hours with acetic anhydride 
alone, and in the presence of sulphuric acid only oily products were 
obtained. 

NitrtUion of 2-p-Tol‘uenesulphoH'm6thylamidodiplienyl. — («•) This 
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compound (2 g.) was added to a mixture of nitric acid {d 1*5 ; 10 c.c.) 
and acetic acid (10 c.c.) and after 10 minutes the resultant solution 
was poured into water. (6) 3*5 G. in nitric acid (7 c.c.) were warmed 
on a water-bath, and the mixture poured into water. The gummy 
precipitate obtained by either method, when crystallised from 
acetic acid, furnished pure 6-nitro-2--p4oluenemlphon7mthyUmido- 
diphenyl in rosettes of small needles, m. p. 152° (Found : C, 62*4; 
H, 4-4. C20H18O4N2S requires 0, 62-8; H, 4-7%). It was proved 
identical with the substance obtained by the methylation of 5-nitro- 
2-^-toluenesulphonamidodiphenyl (described above). 

4'-Nitro-2-acetamidodiphenyl was prepared and hydrolysed by 
the method of Scarborough and Waters {he, cit,), 4'-iV’?’^ro-2-p- 
toluenesulphonnmidodiphenyl, jirepared from the base in the usual 
manner, crystallised from acetic acid in very pale yellow needles, 
m. p. 163° (Found : 0, 62*0 ; H, 4-4. requires C, 62-0 ; 

H, 4*4%). This compound (1 g.) in warm acetic acid (10 c.c.) was 
treated with fuming nitric acid (1 c.c.) in acetic acid (1-6 c.c.). On 
cooling, the liquid filled with crystals which, recrystallised from 
acetic acid, gave pure 3:5: 4^* 4nnitro^%-p4oluemmlph<ymmidO‘ 
diphenyl in prisms, m. p. 190° (Found: C, 49-8; H, 3*2. 
CigHj^OgN^S requires C, 49*8; H, 3*1%). This trinitro-derivative 
was hydrolysed by dissolving it in concentrated sulphuric acid 
and after | hour pouring the solution on ice. The precipitated 
3:5: 4! 4nnitTO-2-ami7iodiphe7iyl crystallised from much alcohol 
as a bright yellow powder, m. p. 229° (Found : C, 47*7 ; H, 2*9. 
GigHgOgN^ requires 0, 47*3; H, 2*6%). 

5 : 4:'-Dinitro-2-'aGetamidodip7ienylfrom 5-Nitro~2’-acetamidodiphenyL 
— ^To 1 g., dissolved in a mixture of sulphuric acid (3 c.c.) and acetic 
acid (1*5 c.c.), fuming niti'ic acid (0*8 c.c.) in acetic acid (1 c.c.) was 
added. After 12 hours, the solution was poured into water; the 
precipitate obtained, after being washed with alcohol, crystallised 
from alcohol-pyridine in prismatic needles, mf p. 208°, identical 
with the product obtained by the nitration of 4'-nitro-2-acetamido- 
diphenyl. 6 : 4'-Dinitro-2-aminodiphenyl did not react with p- 
toluenesulphonyl chloride under the ordinary conditions. 

Nitration of 4^p-Toluemmlphonamidodiphenyh — To 10 g., dis- 
solved in acetic acid (10 c.c.) at 80°, fuming nitric acid (10 c.c.) in 
acetic acid (10 c.c.) was added. On cooling, pure 3 : 5-dinitroA- 
'p4oluene3ulphonmnidodiphenyl (9*6 g.) separated; it crystallised 
from acetic acid in long needles, m. p. 189° (Found : 0, 66*4 ; H, 3*7* 
requires C, 66*7 ; H, 3*6%). Hydrolysis in the<u®sg|^ 
manner gave 3 : 5-dimtro-4-ami?iodiphenylf which crvstalUsed Ljil^ 
benzene in orange-red needles, m. p. 177° (Foimd : 0, 
requires C, 55*fi ; H , 8*5%). This base was 
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by acetic anhydride alone, but in the presence of sulphuric acid it 
gave 3 : ^'dinitroA-metamidodipheyiyl, which crystallised from alcohol 
in pale yellow needles, in. p. 146® (Found: C, 55*8; H, 3*8. 
C14H11O5N3 requires C, 55*8 ; H, 3*6%). 

3 : 6-Dinitro-4:-p4oluenesulp}i07imei}iylamidodiphenyl, obtained 
from the corresponding base by methylation, crystallised from acetic 
acid in needles, m. p. 144® (Found : 0, 55*9; H, 4*3. C2oHi70eN3S 
requires C, 66*2; H, 4*0%). Hydrolysis with sulphuric acid gave 
the already described 3 : 5-dinitro-4-methylaminodiphenyl (Bell 
and Kenyon, J., 1926, 2710), which with acetic anhydride, in the 
presence of sulphuric acid, gave 3 : 5-dm^ro-4-ace^om€<%Za?nido- 
diphenyL This substance crystallised from alcohol in lustrous 
yellow needles, m. p. 149® (Found : C, 57*2; H, 4*0. 
requires C, 57*2; H, 4*1%). 

3 : ii'-DinitroA-acetamidodipJienyL — 4-Acetamidodiphenyl (5 g.) 
was added to ice-cold fuming nitric acid (15 c.c.) and after | hour 
the solution was poured on ice. The precipitate, after being washed 
with alcohol, crystallised from pyridine in pale yellow needles, 
m. p. 240®. 2 G., when heated under reflux with alcoholic hydro- 
chloric acid (100 C.C.), rapidly dissolved to a clear solution which 
soon deposited orange needles of 3 : 4'-dinitro-4-ammodiphenyl, 
readily recrystallised from pyridine. This base did not react with 
_p-toluenesulphonyl chloride under the usual conditions. 

p^Nitrobenzenesulphonyl Chloride , — To a boiling solution of 
_p-ehloronitrobenzene (250 g.) in alcohol (600 c.c.) was added in 
portions the product obtained by fusing crystalline sodium sulphide 
(200 g.) and sulphur (35 g.). The mixture was heated for J hour 
and then cooled to about 50®. The solid product, after being 
washed with alcohol, water, and again with alcohol, was boiled 
with acetic acid (500 c.c.), cooled, collected, dried, and divided 
into 40 g. batches. Each batch was added to fuming nitric acid 
(10 c.c.), and the sAution was warmed for 1 hour, diluted with water 
(500 c.c.), and filtered. The combined filtrates were evaporated 
almost to dryness and again after the addition of more water. 
The residue was neutralised with dilute aqueous ammonia, and 
ammonium p-nitrobenzenesulphonate obtained in large crystals. 
This ammonium salt (100 g.) was heated with chlorosulphonic acid 
(100 c.c.) at 100® for 1 hour, and the cooled solution poured on ice. 
The precipitate was collected rapidly, dried, and crystallised 
from benzene-light petroleum, from which ^-nitrobenzenesulphonyl 
chloride separated in large prisms, m. p. 80® (yield, 70 g.). 

The derivatives of this chloride crystallise with remarkable ease. 
By interaction with aleohoUc sodium ethoxide in ethereal solution 
it gives ethyl p-mtrobmzemsulphonafe, large plates, m. p. 91® (Found : 
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C, 42-1 ; H, 3 - 7 . CgHgOgNS requires C, 41-6 ; H, 3-9%), and with 
menthol in pyridine menfhyl -p-nUrobemenesulpkonate, long needles, 
m. p. 72° (Found : C, 65'8 ; H, 6’7. CigHagOgNS requires C, 56‘3 ; 
H, 6-7%). The following sulphonates and sulphonamides were 
obtained by interaction of the components in pyridine solution and 
crystallisation of the product from acetic acid. 

Phenyl ]p-nitrdienzenmdphonate, needles, m. p. 114° (Found : 
C, 61-8; H, 3-4. CijHgOgNS requires C, 61 -6; H, 3-2%). m-Nitro- 
phenyl p-nil^obenmiesvlphonate, m. p. 133° (Found : C, 44-9 ; H, 
2-5. CigHgO^NgS requires C, 44-5 ; H, 2-6%). p-Nitrophenyl 
p-nitrobenzenesulphomte, m. p. 156° (Found : C, 45-0 ; H, 2-6%). 

Nitration of Phenyl •p-Niirobemenesidphonate. — ^2-5 G. were added 
slowly to ice-cold fuming nitric acid (5 e.o.), and the resulting 
solution poured on ice. The precipitate (2-9 g., m. p. 140 — 150°), 
when crystallised from acetic acid, furnished p-nitrophenyl p-nitro- 
benzenesulphonate (2-4 g.). 

p-Tolyl p-nitrobenzenesulpkonate, m. p. 106° (Found : C, 53-7 ; 
H, 3-7. CigHiiOgNS requires C, 63*2 ; H, 3-8%). 

3-Nitro-p-tolyl -p-nitrobemenemilphonate, m. p. 136° (Found : C, 
46-4 : H, 2-9. C 18 H 10 O 7 N 2 S requires C, 46-1 ; H, 3-0%). 

2-Nitro-p-tolyl p-nitrobenzenesvlphonate, m. p. 116° (Found : C, 
46-9; H,3-0%). 

Nitration ofp-Tolyl p-Nitrdhenzenesvlphomte. — 4*5 G. were added 
to fuming nitric acid (10 c.c.) and the solution was poured on ice. 
The resulting precipitate (m. p. 100 — 110° ; 3*6 g.) on crystallisation 
from acetic acid furnished 2 -nitro-p-tolyl p-nitrobenzenesulphonate 
( 2-6 g.). 

■p-NUrobemen6siilphon--p4olylmude has m. p. 179 — 180° (Found : 
C, 64-0; H, 3-7. CijHiaOgNaS requires C, 63-5; H, 4-1%). This 
compound (2-5 g.) and nitric acid (6 c.c.) were warmed on a steam- 
bath until a vigorous reaction took place. The mixture was diluted 
with water and the precipitate obtained, on crystallisation from 
acetic acid, gave p-nitrobememsulphon-3 : 5-dinitro-p-tolylamide. 
(XIV), m. p. 185° (Found : C, 40-8 ; H, 3-0. CisHioOgNiS requires 
C, 40-8 ; H, 2 ' 6 %), which was identified by hydrolysis to 3:5- 
dinitro-p-toluidine (acetyl derivative, m, p. 194°). 

5-Acetoxyrnereuri'-2-acetcmidodiphenyL — To a solution of 2 -aniino- 
diphenyl (6 g.) in alcohol (40 c.c.) was added mercuric acetate in 
water (40 c.c. containing acetic acid, 2 c.c.). The precipitated 
oil, after being dried, was warmed with acetic anhydride; the 
product crystallised from aqueous acetic acid in needles, m. p. 200 ? 
(Found : Hg, 43-2, CigHigOaNHg requires Hg, 42'7%). Trqah^ 
with bromine in acetic acid, this compound gave 5-bromO)'2r«9ill^'' 
amidodiphenyl, crystallising from aqueous alcohol in long , needles, 
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m. p. 128°, identical with the compound prepared by the method of 
Scarborough and Waters (toe. cit). 

Mercuration of 4:-AminodipJienyh — ^Mercurated by the method 
described above, 4-aminodiphenyl gave a white precipitate, m. p. 
167° (Pound : Hg, 54-7%), which crystallised from aqueous acetic 
acid without change (Pound : Hg, 54-8%). It appears to be the 


NTT 

substance CgHg-CgHaC;^ ^ , which requires Hg, 64-6%* Its 

solution in warm acetic acid, on cooling, deposited needles of 
Z~acetoxyme7xuri-4:-aceiamidodip7ienyl^ m. p. 205° (Pound : Hg, 
42-9. CigHigOgNHg requires Hg, 42-7%). On repeated crystallis- 
ation from boiling acetic acid this compound lost its cr 3 ?stalline 
character and increased in melting point and mercury content 
(44*1, 46-5%). The product, m. p. 205°, on treatment with bromine 
(1 mol.) in acetic acid gave gummy material, but with an excess of 
bromine it gave a compound, sparingly soluble in alcohol and 
crystallising from benzene in colourless needles, m. p. 196°, This 
must be 3 : 4'-dibromo-4-acetamidodiphenyl (Scarborough and 
Waters, J., 1926, 561), and the presence of this additional bromine 
atom accords well with the propensity of 4-acetamidodiphenyl to 
brominate in the 4'-position. 

Bromination of i-p-ToluenemlpJi^namidodiphenyh — To 6 g. in 
warm acetic acid (50 c.c.) was added bromine (3 g.) in acetic acid 
(15 C.O.). After cooling, the solution was filtered from a small 
amount of unchanged material and poured into water. The gummy 
precipitate, after repeated crystallisation from alcohol, gave 3-bromo- 
4^-p4oluenesulplionamidodiphe7iyl in large prisms, m. p. 119° (Found : 
0,564-; H, 4-2. Ci^HieOaNBrS requires 0, 66-7; H, 40%). It 
was identical with the compound obtained by the interaction of 
p-toluenesulphonyl chloride and 3-bromo-4-aminodiphenyl in 
pyridine solution. 

3-Bromo-4-hydroxydiphenyl furnished a uniform monomercuri- 
derivative, which crystallised from acetic acid in needles, m. p. 235° 
(Pound : Hg, 39-7, 394. Ci^HnOgBrHg requires Hg, 39-5%), 
but 4-hydroxydiphenyl gave a mixture of more highly mercurated 
derivatives (Found : Hg, 61-7, 60‘6. Ci 6 Hi 405 Hg 2 requires Hg, 
584%). When treated with bromine in acetic acid, these com- 
pounds all gave 3:5: 4'-tribromo-4-hydroxydiphenyl. 

Z-Aceioxymercuriaceio-p4oluidide. — ^Mercuric acetate (20 g.) was 
added to aceto-p-toluidide (10 g.) in acetic acid (100 c.c.) and the 
solution, after boiling under reflux for 1 hour, was filtered from 
precipitated mercurous acetate and evaporated under diminished 
pressure. The r^idue was boiled with water and cr37BtalIised 
successively from aqueous alcohol, acetic anhydride, and acetic acid. 
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Z-acetoxymercuri(Keto-’p4oluidi^^ being obtained in long needles, 
m. p, 178° (Found : Hg, 49*3, 49-6. C^iHigOgNIIg requires Hg, 
49-3%). It was more easily prepared by dissolving 3-aoetoxy- 
merouri-p-toluidine (m. p. 189° decomp. : obtained in quantitative 
yield from p-toluidine) in acetic anhydride, and recrystallising the 
product until of constant melting point. Treated with bromine 
in acetic acid, it gave S-bromoaceto-p-toluidide contaminated by 
dibromoaoetotoluidide. 

Wellcome Chemical Reseabch Laboratobibs, London, E.C. 1. 

Battersea Polytechnic, London, S.W. 11. 

[Beceivedi Augiist lOth, 1928.] 


CCCLXVII . — The Interaction of Bromine with Acetic 
Anhydride. Part lY. Bromination and Chlorin- 
ation compared. 

By Hbbbebt Ben Watson and Embys Haddon Robebts. 

Investigation of the reactions of chlorine with acetic anhydride, 
acetyl chloride, and acetic acid has yielded results which indicate 
that chlorination is in many respects similar to bromination, but 
nevertheless presents some striking contrasts. 

It was shown by Gal {Am,. Ghim. Phys., 1862, . 66, 187) that the 
chlorination of acetic anhydride yields acetyl chloride and mono- 
ohloroacetic acid, products which are the analogues of those obtained 
by the action of bromine. The authors now find that the velocity 
curves resemble in form those obtained by Orton, Watson, and 
Hughes in bromination experiments (Part II, J., 1927, 2458), and 
that the reaction is similarly accelerated by acid chlorides, ferric 
chloride, sulphuric acid, and iodine or iodine chloride. That 
changes of an identical character take place in the two cases is 
proved conclusively by the constancy of the values of C obtained 
by use of the expression 0 — Ijt. loge (a P)/(o + P — «), which 
was deduced by Orton, Watson, and Hughes for bromination. It 
is clear, therefore, that chlorination, like bromination, proceeds by 
two routes, involvii^ in the one the halogenation of the acid chloride 
and in the other the preliminary enolisation of the anhydride. 

Chlorine, however, reacts far more slowly than bromine. The 
values of the constants in Tables II and lU leave no doubt that 
this difierence is due entirely to a difierence in the speeds of halogep. 
ation of the acyl halides, whilst the velocity of enolisation 
anhydride is unafieoted. , 
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Quinoline, pyridine, and sodium acetate, which inhibit the 
bromination of acetic anhydride (Part II), have no similar effect 
on chlorination ; the first-named two, indeed, accelerate somewhat 
the disappearance of chlorine. The influence of these substances 
on bromination has been attributed by one of us (Watson, Part III, 
J,, 1927, 3065) to their reaction with a trace of hydrogen bromide 
produced in the bromination of the enolised anhydride, for by 
removal of the halogen acid the series of reactions involving the 
acid bromide will be eliminated, and in addition the speed of enolis- 
ation of the anhydride very considerably decreased. The catalytic 
effect of the base upon the enolisation appears to be but small in 
comparison with that of halogen acid. 

The remarkable difference between bromination and chlorination 
may find an explanation in the following considerations. Acetic 
anhydride, in spite of its fairly high dielectric constant, behaves in 
all respects as a “ normal ’’ liquid (compare Jones and Betts, this 
vol., p. 1178; Jones, ibid,, p. 1195). In a medium of this type, 
the halogen acids are doubtless covalent compounds (compare 
Sidgwick, “ The Electronic Theory of Valency,’* p. 93), and reaction 
with the base would consist in the giving up of a proton covalently 
linked to the halogen. In presence of an excess of bromine, hydrogen 
bromide exists almost entirely in combination as the perbromide 
HBrg,' the powerful electron-afiSnity of the two co-ordinated 
bromine atoms (Ingold, Ann. Beport, 1926, 140) will bring about 
a loosening of the proton, thus enabling its appropriation by the 
base to take place readily : 

i;g>N: + HrBrKBrs) — > Z^N:H+ + :Br:(Br2)-. 

An analogy, consisting in the withdrawal of a proton covalently 
attached to oxygen, is found in the production of hydroxo-ammines 
of cobalt and chromium by the action of pyridine or ammom'a on 
the corresponding aquo-ammines, as exemplified in the reaction 
[Cr(NH3)2(H,0)4]Cl8 + SCsH^N = [Cr(NH3)s(HjO)2(OH)2lCl + 
205HsN,Ha (Werner, Ber., 1907, 40, 272, 4098, 4113, 4133 ; Pfeiffer, 
itid;, p. 3129). 

In the case of hydrogen chloride there is but little perhalide 
formation (compare the relative effects of hydrogen bromide and 
chloride On the bromination and chlorination, respectively, of 
acetanilide : Orton and Jones, BrU. Assoc. Bep., 1910, 99) ; weaken- 
ing of tte covalent bond does not therefore occur, and the base has 
no opportunity of combining with the proton. The hydrogen 
ohloride is tiius &ee to react with a; molar quantity of acetic anhydr- 
ide : B.a + (CHs-CO)aO == CHa-COCI -1- CHs-COaH; the ohlorin- 



WITH ACETIC AHHYDEIDE. PART IV. 


2781 


ation of the acid chloride then proceeds, and, Moreover, the enolis- 
ation of the anhydride is catalysed not only by the small quantity 
of halogen acid present in the above equilibrium but also by the 
base. Chlorination is therefore not inhibited but accelerated, and 
the larger the quantity of base introduced the greater is the 
acceleration. 

Acetyl nitrate has been shown to inhibit very powerfully the 
bromination of acetic anhydride, by oxidation of halogen acid 
(Parts II and III), As would be expected from the relative indiffer- 
ence of hydrogen chloride to oxidising agents, it does not inhibit 
chlorination. Addition of a little nitric acid, in fact, accelerates 
the reaction, an effect which indicates incomplete conversion of the 
acid into acetyl nitrate. 

Chlorination of Acetyl Chloride - — The relatively slow speed of 
chlorination of acetyl chloride, which is indicated by the experi- 
ments described in the foregoing, has been confirmed by an examin- 
ation of the reaction of chlorine at 25® with the acid chloride itself. 
Acetyl chloride, in fact, reacts with chlorine more slowly than 
with bromine (see Table IV). Contrary to expectation, the rate 
of disappearance of chlorine has been found to increase as the 
reaction proceeds. This peculiarity is not the result of a com- 
paratively rapid substitution of a second hydrogen atom, since 
chloroacetyl chloride does not react with chlorine appreciably at 
25®, but it is due rather to side reactions, which consist, partly at 
least, in the replacement of the carbonyl oxygen by two atoms of 
chlorine, followed by further chlorination of the CgH 3 Cl 3 to give 
hexachloroethane, the odour of which is unmistakable in the product 
(compare the action of phosphorus pentachloride on acetyl chloride : 
Hiibner, Awialen^ 1861, 120, 330; Hiibner and Muller, Z. Chem,^ 
1870, 328). 

Addition of a small quantity of iodine catalyses the production 
of chloroacetyl chloride so powerfully (compare Jazukowitsch, 
Z. OAem., 1868, 234) that the side reactions are now imperceptible, 
and the velocity is proportional to the concentration of chlorine. 
The side reactions are masked in the same manner when acetyl 
chloride reacts with chlorine in acetic anhydride medium (preceding 
section). 

Chlorination of Acetic Acid , — ^A study of the reaction of chlorine 
with acetic acid at 100® has yielded results resembling those 
previously obtained by one of us for bromination (Watson, J., 
1925, 127, 2067); the reaction, however, is slower. A powerful 
acceleration results from the introduction of a small quantity oi 
acetyl chloride, to which the catalytic influence of acetic anhydBM 
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and phosphorus pentachloride (Bruckner, Zi. angew, Chem., 1927, 40, 
973) are doubtless to be ascribed (compare the interpretation of the 
effects of acetic anhydride and phosphorus on bromination : Watson, 
Zoc. cit,). The velocity is proportional to the quantity of acetyl 
chloride added, and different acid chlorides have identical effects. 

These facts lead to the conclusion that chlorination proceeds 
through a series of reactions analogous to those suggested for 
bromination (Watson, loc, cit), 

CHa^COCl + 012 = CHgCl-COCl + HCl, 

CHaCbCOCl + CHg-COgH = CHs-COCl + CHgCbCOgH, 
preceded, when the chloride of another acid is added initially, by 
E-COCl + CHg-COaH = CHg-COCl + R-COgH. 

In presence of an acid bromide, the velocity of btominaiion of 
acetic acid has been shown to vary directly as the concentration 
of the halogen, and this is in harmony with the mechanism sug- 
gested. A similar relationship is not found in the analogous case 
of chlorination in presence of an acid chloride, for the velocity of 
the reaction decreases less rapidly than does the concentration 
of chlorine. This observation is accounted for, however, by the 
existence of the side reactions referred to in the preceding section. 

Hydrogen chloride accelerates the chlorination of acetic acid, 
and its influence is probably due to the production of a trace of 
acid chloride (compare the effect of hydrogen bromide on bromin- 
ation : Watson, Zoc. cit,). The powerful enolising agents sulphuric 
acid and ferric chloride, on the other hand, have very little effect, 
a fact which indicates that reaction of the halogen with the enolic 
form of acetic acid occurs only to a very small extent. The part 
played by the enolide, though insignificant, may perhaps contribute 
to some extent to the absence (noted above) of a simple relation 
between the fall in concentration of chlorine and the velocity. 
In bromination, its effect is masked by the relatively great speed 
of the reaction of bromine, with acetyl bromide, or is perhaps to 
some extent balanced by perbromide formation. 

hmctiviiy of Iodine . — Iodine does not attack acetic anhydride 
at 25°, nor does introduction of hydrogen iodide or of sulphuric 
acid lead to reaction. On heating the anhydride with iodine at 
100° for several hours there is little fall in iodine concentration 
but some carbonisation (compare Gal, loc. cit). No reaction takes 
place when acetic acid is heated with iodine at 100°. 

Experimental. 

The acetic anhydride was obtained by fractional distillation of 
'‘reagent"*^ material. The acid chlorides and other substances 
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employed were purified as described in the earlier papers of this 
series. Each reaction mixture (25 c.c.) contained 5 o.c. of a solution 
of chlorine in carbon tetrachloride; in preparing this solution, 
chlorine from a cylinder was passed through water, permanganate, 
and sulphuric acid and then into the solvent. The velocity measure- 
ments were carried out at 25° in well-stoppered flasks as described 
previously, 2 c.c. being withdrawn for each titration. The anhydride 
was used throughout in large excess. Titres are stated in c.c. of 
N /10-thiosulphate. 

Table I. 






Fall in titre after (hours) 


added. 

m/’ 

titre. 

60. 

100 . 

150. 

200 . 

250. 

300. 

360. 

Nil 


9*85 

0*55 

1*60 

2*80 

3*96 

6*00 

5*95 

6*85* 

Nil 


4*90 

0*25 

0*55 

1*00 

1*40 

1*95 

2*55 

3*10t 

CHa-COCl ... 

0*112 

11*15 

1*20 

2*30 

3*40 

4*60 




CHs-COCl ... 

0*225 

11*30 

2*15 

3*90 

5*60 





CeHs-COCl ... 

0*225 

12*06 

1*80 

3*75 

5*60 





C 5 H 5 N 

0*010 

9*10 

1*80 

3*20 

4*30 

6*10 

6*60 



C 9 H 7 N ...... 

0*008 

12*80 

2*50 

4*70 

6*75 

8*05 

8*95 



HNO3 

0*016 

8*20 

1*50 

3*06 

3*95 

4*65 

5*05 

5*20 


CHa-COaNa... 

0*005 

11*35 

0*80 

1*80 

2*75 

3*70 

4*60 

5*45 

6*35t 

The fall in titre after 450 hours was 8*06*, 3*86t» and 7*75t. 



Substance 

added. 

Cone., 

M. 

Initial 

titre. 


Fall in titre after (mins.) 


16. 

30. 

45. 

60. 

90. 

120 . 

240. 

CsHfiN 

. 0*118 

11*60 

3*90 

5*76 

6*65 

7*25 

8*00 

8*30 

8*85 

C3H7N 

. 0*100 

11*00 

1*35 

2*26 

2-80 

3*15 

3*65 

4*00 

4*90 

HsS 04 

, 0*001 

11*05 

0*40 

0*80 

1*26 

1*75 

2*60 

3*55 

7*05 

HgSO* 

. 0*002 

11*05 

0*60 

1*36 

2*16 

2*86 

4*25 

6*66 

10*65 

Iodine 

. 0*003 

9*85 

0*36 

0*80 

1*60 

2*60 

4*65 

8*26 


Iodine 

. 0*006 

9*75 

0*60 

1*60 

3*40 

6*20 

9*10 




Substance 

Cone., 

Initial 

Fall in titre after (mins.) 

added. 

M. 

titre. 

5. 

10 . 

15. 

20 . 

ICl 

. 0*003 

10*55 

2*00 

6*06 

7*05 

o-oo 

ICl 

. 0*006 

9*20 

3*30 

5*70 

7*05 


FeCla 

. 0*003 

9*85 

0-40 

1*90 

3-60 

5*50 

FeClo 

,. 0*007 

9*90 

2-05 

6*35 

Gone 



The reaction of bromine with acetic anhydride at 25°, when carried 
out under the same conditions as the above (6 c.c, of carbon tetra- 
chloride in 25 c.c. of reaction mixture), gave the following : 

Fall in titre after (hours) 

Initial 

titre. 1. 3. 4. 5. 

H‘60 0*76 3*10 6*05 8*40 10*50 

Comparison with the figures recorded in Part II for the bromin** 
ation of pure acetic anhydride shows the very marked retardati^^ 
produced by the carbon tetrachloride (compare Watson, 
p. 1138). 
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Beaction of Halogens with Acetic Anhydride and Excess of Acyl 
Halide. — ^As in the above experiments, 26 c.o. of reaction mixture 
contained 5 o.c. of a solution of the halogen in carbon tetrachloride. 
Titres are stated in c.c. of -S?'/50-thiosulphate, and time in minutes. 
The constants are calculated from the formula 0 = l/f* . loge(a + 
P)l{a + P — x) (Part II), where G = i[acyl halide] and O' = 
^'[AcgO], h and M being the velocity coefficients for the halogen* 
ation of the acyl halide and the enohsation of the anhydride, 
respectively, and P = C^jC. 


Table II. 


Chlorine and Excess of Acetic Anhydride and Acetyl Chloride. 
[Acfi] = e-376M, [AcCl] == 2-915Jlf, P = 1-10. 
a == 0-1215Af. a == 0-0344Ar. 


Time. 

Titre. 


Time. 

Titre. 

■N, 

a. 

0 

120 

24*30 

2M0 

0*000106 

0 

60 

6*88 

5*48 

0*000097 

200 

19*40 

0*000104 

125 

3*92 

0*000102 

395 

14*50 

0*000104 

152 

3*20 

0*000106 

600 

9*50 

0*000104 

185 

2*45 

0*000106 

660 

8*10 

0*000104 . 

240 

1*18 

0*000106 


Mean 0*000104 Mean 0*000104 


k = 0*0000357, Q' 0*0001144, h' = 0*0000179. 


Table III, 

Bromine and Excess of Acetic Anhydride and Acetyl Bromide. 

(These experiments differ from those of Orton, Watson, and Hughes in 
Part II, in that 6 c.c. of carbon tetrachloride were present in each 25 c.c. of 
reaction mixture.) 

[AcaO] = 6*245ikf, [AcBr] « 2*932jlf, P == 0*0029. 
a ^ 0-1138M, a == 0*0454M. 


Time. 

Titre. 

C. 

Time. 

Titre. 

C. 

0 

22*75 


0 

9*08 


20 

10*25 

0*0384 

10 

6*08 

0*0373 

32 

6*28 

0*0382 

15 

4*78 

0*0391 

40 

4*05 

0*0403 

20 

3*82 

0*0391 


Mean 0*0390 Mean 0*0385 


k = 0*0132, C' = 0*0001125, k' = 0*0000180. 


The values of are in excellent agreement in the two sets of 
experiments. 

Chlorination of Acetyl Chloride. — The distillation of the acid 
chloride and the velocity measurements (for which 5 o.c. of the 
solution of chlorine in carbon tetrachloride were added to 26 c.c. 
of acetyl chloride) were carried out in the apparatus described by 
one of us (Watson, this vol., p. 1139). The acetyl chloride was 
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throughout in large excess. The velocity of brommation under 
identical conditions is given for comparison, litres are expressed 
in o.c. of N /10-thiosulphate. 


25 c.c. AcCl -f- 5 e.e. 


Table IV. 
25 c.c. AcCl + 5 c.c. 


25 c.c. AcCl + 6 c.c. soln. of 


soln. of Cl in CCI4. 

soln. of Br in CCI4. 

Cl in CCl 

4 + O-OSJIf -iodine. 

Time 


Time 


Time 



(hrs.). 

Titre. 

(hrs.). 

Titre. 

(mins.). 

Titre. 

Aj j. 

0 

12-25 

0 

12-00' 

0 

7-96 


12 

10-10 

6 

9*85 

30 

5-65 

0-0114 

24 

7-55 

12 

7-86 

60 

4-05 

0-0112 

36 

4-60 

18 

5-85 

90 

2-86 

0-0114 

48 

1-45 

24 

4-40 






30 

2*70 





Chlorimtion of Acetic Acid , — ^The acetic acid was purified by 
the method of Orton and Bradfield {J., 1927, 983). It melted at 
16-46®, was stable to halogens at the ordinary temperature, and 
gave results identical with those obtained by use of the best Kahl- 
baum acid. A solution of chlorine in this acid was used in making 
up the reaction mixtures, which were heated in sealed tubes at 
100° in portions of 2 c.c. The acetic acid was throughout in large 
excess. Titres are stated in c.c. of A'/lO-thiosulphate. 


Table V. 


Title of 2 c.c. 



Pure 


Pure 

CBi-COJBi + CH,-CO,H + 
0-19Jlf-H.SO4. 0-045M-FeCV 

Time (hrs.)* 

CHa-COaH. 

CHg-COgH. 

0 

17-95 


9-68 


9-38 8-02 

2 

15-42 


7-70 


6-90 6-82 

4 

14-08 


6-88 


4-26 3-62 

6 

12-12 


3-68 


2-00 1*86 

8 

8-62 


1-72 


0-70 0-50 

10 

4-20 


0-38 






Titro of 2 

c.c. 

Time (mins.). CH3-C02H 

+ 0-24M.HCI. 

CHa-COgH + 0-56Ar-HCL 

0 


8-82 



8-80 

45 


7-05 



6-42 

90 


5-65 



4-42 

180 


3-00 



1-65 

240 


1*48 



0-60 


Cone,, 

Titre after (mins.) First 

Substance 

M 


. 


value 

added. 

(«C?). 0. 

5. 

10. 

15. 

20. 30. ofij. kJO. 

CHj-COCl ... 

, 0-093 8*98 

7-05 

4-98 

3-20 

1-42 0-048 0-61 

CHaCl-OOCl 
CeHg-COCl .. 

0-070 8-40 

7-00 

5-82 

4-68 

3-20 0-033 0-60 

. 0-079 8-32 

6-90 

5-50 

3-92 

2-48 0-0S7 0i4Xl 

CHs-COCl .. 

. 0-052 8-80 


6-75 


3-22 2-92* 0-026 

CHgCl-COCl 
C^H^-COCl .. 

0-054 10-15 


7-70 


5-46 2-96t 0-027 '-fH 

. 0-052 10-62 


8-22 


3-82 3-2li 0-086 >'5|P 


The titre after 40 mins, was LOO^, MSf, and 2*10t. 
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Our best thanks are due to Professor Orton, F.R.S., for his 
continued interest in the work, and to the Chemical Society for a 
grant by which the cost of the materials has been largely defrayed. 

University College op North Wales, 

Bangor. [Meceived, September llth, 1928.] 


CCCLXVIII- — Conversion of Hydroaromatic into 

Aromatic Compounds. Part III. 3 : 5-DicMoro- 
1-phenyl- A^'^-ojolohexadiene and its Behaviour with 
Chlorine. 

By Leonard Eric Hinkel and Donald Holroyde Hey. 

In previous papers (J., 1924, 125 , 1847; this vol., p. 1200) it has 
been shown that halogenated derivatives of phenyldihydroresorcinol 
are converted into aromatic compounds much more readily than 
the corresponding derivatives of dimethyldihydroresorcinol. For 
instance, 4:5: 5-tribromo-l-phenylc2(cZohexan-3-one readily yields 
an aromatic compound directly, whereas 4:5: 6’*trichloro-l : 1- 
dimethylcj/cZohexan-S-one only does so through the stable inter- 
mediate 4 : 6-dichloro-l : l-dimethyl-A^-cycZohexen-3-one; and 
4:6:5: 6-tetrabromo-l-phenylcycZohexan-3-one yields 4 : 5-di- 
bromo-3-hydroxydiphenyl directly, whereas 4:5:5: 6-tetrachloro- 
1 : l-dimethylc2/cZohexan-3-one readily changes into the stable 
intermediate 4:5: 6-trichloro-l : l-^methyl-A^-cycZohexen-S-one. 
Moreover, cleavage of the ring by hydrolysis cannot be achieved in 
dimethyldihydroresorcinol, but can be readily effected in the case 
of phenyldihydroresorcinol (Vorlander, Annalen, 1897, 294 , 317 ; 
Ber,, 1894, 27 , 2057 ; compare also Crossley, J., 1901, 79 , 138). 

The greater readiness with which the derivatives of phenyl- 
dihydroresorcinol are converted into aromatic compounds is only 
to be expected, since in the one case the transformation necessitates 
the migration of a methyl group, whereas in the other the more 
mobile hydrogen atom is involved, and this is further borne out 
in the present investigation on 3 : ^-dichloro-l’-phenyl-L^-^-cjGlo- 
hexadiene (I). 

Knoevenagel (J5er., 1894, 27, 2337) isolated a liquid impure 
dichlorophenylc^cZohexadiene by the action of phosphorus penta- 
chloride (2 mols.) on phenyldihydroresorcmol, but the structure he 
assigned to it is no longer tenable (compare Orossley and Le Sueur, 
J., 1902, 81, 821). Since both di- and tri-methyldihydroresorcinols 
on treatment with phosphorus pentachloride give, in addition to a 
diohloroc«^cZohexadiehe, 3 : 5-dichloro-o-xylene and 3 : 5-diohloro- 
1:2; 6-trimethylbenzene, respectivelv ^firnsslpv amA — t 



INTO AROMATIC OOI^IROUNDS. PART UI. 


2787 


1902, 81, 1533; Crossley and Hills, J., 1906, 89, 875), 3 : 5-di- 
ohlorodiphenyl (III) should in like manner be formed during the 
action of phosphorus pentachloride on phenyldihydroresorcinol. 
This has now been shown to be the case. The main product of the 
action, however, is 3 : S-dichloro-l-phenyl-A^'^-c^^ctohexadiene (I). 
This compound readily absorbs chlorine, and the tetrtwhhrO'-Qom- 
pound (II) produced rapidly loses hydrogen chloride (2 mols.) on 
warming, giving an 80% yield of 3 : 5-dichlorodiphenyl (III). 
The constitution of (III) has been established by its synthesis as 
carried out by Scarborough and Waters (J., 1927, 89), who describe 
it as an oil. The compound has now been obtained by both methods 
as a crystalline solid. 

When an excess of chlorine is passed into a hot solution of 3 ; 5- 
dichloro-l-phenyl-A^-^-cycZohexadiene in chloroform, in addition to 
3 : 5-dichlorodiphenyl, a small quantity of 2 : 3 : 64nchlorodiphmyl 
(VI) is produced, the constitution of which has been confirmed by 
its synthesis from 3 : 5-dichloro-2-aminodiphenyl. Its formation 
is explained in the following manner. Loss of one molecule of 
hydrogen chloride from the tetrachloro-compound (II) gives the 
trichloro-compound (IV). This may partly lose hydrogen chloride 
to give 3 : 5-diohlorodiphenyl or may further combine with chlorine, 
giving an unstable pentachloro-compound (V), which readily loses 
hydrogen chloride to give 2:3: 5-trichlorodiphenyl (VI) (compare 
Crossley, J., 1904, 85, 264; Hinkel, J., 1920, 117, 1296). 


CHPh CHPh Ph 



In marked contrast with the action of chlorine on 3 : 5-diohloro- 
1 : l-dimothyl-A^ = ^-cycfohexadiene (Hinkel, loc. cit.), which gives 
rise to a pentaohlorodimethylc^cfohexene in addition to the two 
trichloro-o-xylenes and tetrachloro-o-xylene, no such higher chlorin- 
ated products could be obtained in the present investigation. The 
course of the reactions during the two chlorinations again reveals the 
influence of the phenyl group in a remarkable manner. In the 
derivatives of phenyldihydroresorcinol the group •C0KCH*C01i^* 
pounds II and V), although unsaturated, does not further 
with chlorine, whereas in the corresponding derivatives of di^PPP' 
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dihydxoresoroiuol further chlorination readily occurs, producing more 
highly chlorinated derivatives. Since the transformation from the 
hydroaromatic series yields diphenyl derivatives with substituents 
in only one of the two rings, such reactions serve as a convenient 
method for the preparation of diphenyl derivatives of this type. 

The separation of the chlorodiphenyls (III) and (VI) obtained as 
described above is conveniently eiSEected by regulated oxidation with 
chromic and acetic acids, which converts the dichlorodiphenyl into 
3 : 5-dichlorobenzoio acid : the stability of the diphenyl nucleus to 
oxidation by chromic acid is increased by the introduction of 
negative substituents, even although these are all in the same ring. 
A separation may also be effected by means of their nitro-derivatives. 

Nitration of 3 : 5-dichlorodiphenyl gives chiefly 3 : 5-dichloroA' • 
nUrodiphenyl (VII) with a snaaller quantity of 3 : 5‘dAchloro-2'-nitro- 
diphenyl (VIII). On prolonged boiling (16 hours) with chromic and 
acetic acids the former gives a small quantity of jj-nitrobenzoic acid 
and 3 : 6-dichloro-2'-nitrodiphenyl partly decomposes completely 
and partly remains unattached. That in both compounds the 
nitro-group is in the ring not containing the chlorine atoms is 
shown by (a) oxidation of the correspon^ng amines (IX and X) 
giving 3 : 6-dichlorobenzoic acid and (6) the chlorine atoms being 
inert towards piperidine (see Le F^vre and Turner, J., 1927, 1113; 
this vol., p. 247). The identity of 3 : 5-dichloro-4'-nitrodiphenyl 
was proved by reduction and conversion of the base into a trichloro- 
diphenyl (XI), m. p. 88®, which was identical with the compound 
obtained by the elimination of the amino-group from 3:5:4'- 
trichloro-4-aminodiphenyl (XIII), The isomeric dichloronitro- 
diphenyl gave a tricMorodiphenyl melting at 58® (XII). 
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Nitration of 2:3: 5-trichlorodiphenyl readily gives a mono- 
nitro-compound which, owing to its exceptional stability towards 
oxidation by chromic acid and its inertness towards piperidine, is 
regarded as 2 : 3 : 5-tncMorO'4:'-nUrodiphenyl. 

These results of substitution are in agreement with the tentative 
rules that have been proposed for the orientation of substituents 
in the diphenyl series (Scarborough and Waters, J., 1926, 567; 
Blakey and Scarborough, J,, 1927, 3000). 

Experimental. 

Action of Phosphorus PentaeMoride on Phenyldihydroresoreinol . — 
Phenyldihydroresorcinol (94 g. ; 1 mol.) was suspended in 200 o.c. of 
dry chloroform, and phosphorus pentaohloride (220 g. ; in excess of 

2 mols.) gradually added ; after an hour the reaction was completed 
by gentle warming. The chloroform was removed under reduced 
pressure, and the residue poured on ice and extracted with ether. 
From the extract, washed with 10% sodium hy^xide solution and 
with water and dried, 3 : 5-dicMoro-l-phenyl-A^ ■ ^-cyolohexadiene 
(I) (70 g.) was obtained as a colourless oil, b. p. 166°/10 mm. 
(Pound : Cl, 31'2. CjaHigCla requires Cl, 31*55%), and also 

3 : 6-diohlorodiphenyl, b. p. 166°/10 mm., m. p. 36® (Pound : 
Cl, 31*8. Calc. : 01, 31*8%). 

Action of Chlorine on 3 : 5-DicMoro-l-phenyl-A^'^-oycloh&cadiene. 
— (1) At room temperature. Chlorine was slowly passed for 2 hours 
into a solution of 65 g. of 3 : S-diohloro-l-phenyl-A^’^-c^cio- 
hexadiene in 60 c.o. of dry chloroform cooled by water. After the 
evolution of hydrogen chloride had ceased, the chloroform was 
removed on a boiling water-bath, and the residue left for several 
days in a vacuum over solid sodium hydroxide. The solution was 
distilled under reduced pressure and two fractions were collected : 

(i) b. p. 164— 166®/9 mm. (62 g.) and (ii) b. p. 166— 200°/9 mm. 
(14 g.). Tho main fraction solidified in a freezing mixture, and 
crystallisation from cold alcohol gave 3 : 5-dichlorodiphenyl as 
snow-white needles which, alone or mixed with the synthetic product 
obtained from 3 : 5-diohloro-2-aminodiphenyl (Scarborough and 
Waters, J., 1927, 89), melted at 36®. Oxidation with chromic and 
acetic acids gave 3 : 6-diohlorobenzoic acid (m. p. 183®). Fraction 

(ii) was added to the fractions obtained from the chlorination at 
the higher temperature. 

(2) In hot sohUion. A rapid stream of chlorine was passed into 
a hot solution of 3 : 6-diohloro-l-phenyl-A®=*-cycZohexadiene (56 g.) 
in dry chloroform (60 c.o.) until the copious evolution of hydro®ii|ji*i 
chloride had ceased and the solution had regained normal 
ature. After removal of the chloroform, the oily residue wwii’SiP? 
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tilled under reduced pressure and three fractions were collected, 
b. p. 170— ns*", 176—180°, and 180— 200°/10 mm., respectively. 
The fraction of b. p. 170 — 175°/10 mm. (35 g.) gave mainly 3 : 5- 
dichlorodiphenyl on redistillation. The fraction of b. p. 180 — 200°/ 
10 mm. was boiled for 6 hours with an excess of chromic acid in 
glacial acetic acid solution. The solid obtained by dilution with 
water, after crystallising several times from aqueous alcohol, gave 
2:3: 5-trichlorodiphenyl in small, white needles which, alone or 
mixed with the trichlorodiphenyl obtained from 3 : 5-dichloro-2- 
aminodiphenyl (Scarborough and Waters, he, cit.) by the Sandmeyer 
reaction, melted at 41° (Found : Cl, 41*4. CigH^Clg requires Cl, 
41-35%). A small quantity of 3 : 5-dichlorobenzoic acid 'was obtained 
from the mother -liquor. Treatment of the fraction of b. p. 175 — 
180°/10 mm. in like manner also gave 2:3: 5-trichlorodiphenyl. 

Action of Nitric Acid on the Fraction of 6. p. 175 — 180°/10 mm , — 
5 G. of the fraction, dissolved in glacial acetic acid, were gradually 
treated with 25 — 30 c.c. of nitric acid (d 1*51). The solution, after 
being warmed, was poured into water and the solid which separated 
was crystallised repeatedly from alcohol, A small quantity of 
2:3; 5-trichloro-4'-nitrodiphenyl and mainly 3 : 5-dichloro-4'- 
nitrodiphenyl were isolated from the less soluble portions, and con- 
centration of the mother-liquor yielded a small quantity of 3 : 6- 
dichloro-2 '-nitrodiphenyl. 

Nitration of 3 : 6-Dichlorodiphenyl, — 5 G. of 3 : 5-dichlorodiphenyl, 
dissolved in 12 c.c. of glacial acetic acid, were nitrated by the gradual 
addition of 50 c.c. of a mixture of equal volumes of fuming nitric 
and glacial acetic acids. The solid which separated after the addi- 
tion of water was crystallised from alcohol, 3 : 6-diohhroA' -nitro- 
diphenyl being obtained in small, faintly yellow needles, m. p. 146° 
(Found: 01, 26-6. requires Cl, 26*5%). 3:6- 

Dickhro-^' -nitrodiphenyl separated from the mother-liquor and on 
recrystallisation was obtained in needles, m. p. 75° (Found : 01, 
26-4%). 

3 : 6-DicUoroA*-aminodiphenyl, — 2 G, of 3 : 5-dichloro-4'-nitro- 
diphenyl, dissolved in 30 c.c. of alcohol, were reduced with 10 g. of 
stannous chloride in 10 c.c, of concentrated hydrochloric acid. The 
mixture was heated for several hours on the water-bath and, after 
evaporation of the alcohol, the ba$e, liberated by addition of sodium 
hydroxide solution, was extracted with ether ; it crystallised from 
aqueous alcohol in flat acicular plates, m. p. 124° (Found : 01, 29-9. 
O12H9NCI2 requires Cl, 29-8%). 3 ; 5-DichhroA' -acetamidodiphenyl, 
prepared from the base in the usual manner, crystallised from alcohol 
in sm^ white needles, m. p. 188° (Found : 01, 25*6, C14H11ONCI2 
requires 01, 25-4%). 
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3 : 5’Dichhro-2'’aminodipTi^^ obtained from the corresponding 
nitro-compound by reduction with stannous chloride in alcoholic 
solution as described above, separated from aqueous alcohol in 
needles, m. p. 74® (Found : Cl, 29-8%). Acetylation gave 3 : 5-dichloro- 
2'~acetamidodiphenyl, which crystallised from alcohol in small acioular 
plates, m. p. 163® (Found : Cl, 25-6%). 

3:5: 4z'-TricMorodiphenyl, — 4 6 . of 3 : 6-dichloro-4'.aminodiphenyl 
were diazotised in hydrochloric acid solution at 0 ® and then treated 
with cuprous chloride solution in the usual manner. On dis- 
tillation with steam 3:5: 4/ -trichlorodiphmyl was obtained which 
separated from alcohol in white glistening needles, m. p. 88 ° (Found : 
Cl, 41-3. C 12 H 7 CI 3 requires Cl, 41*35%). 

3:5: 2'-Tricklorodiphenyl, — 4 G. of 3 : 6-dichloro-2'-aminodiphenyl 
were diazotised and treated as described above. The product 
crystallised from alcohol in faintly yellow needles, m. p. 58® (Found : 
Cl, 41*4%). 

Nitration of 2:5: 5-TrichlorodiphenyL — ^Fuming nitric acid was 
gradually added to a solution of 2 : 3 : 5-trichlorodiphenyl in glacial 
acetic acid. 2:3: 5-TricUoro^' -nitrodiphenyl, obtained by diluting 
the solution with water, crystallised from alcohol in long, yellow 
needles, m. p. 155® (Found: 01, 35*1. C 12 H 3 O 2 NCI 3 requires Cl, 
35*2%). ^ 

XJjsiVBBSiTy CoiXBOB, SwASTSBA. {Eeceived, July 2Uh, 1928*] 


CCCLXIX . — A Study in the Formation of Gels. 
Vulcanised Oils. 

By B. C. J. G. Knight and P. Stambbrgeb. 

It has been shown (Stamberger, Bee, trav, ohm., 1927, 46, 837; 
1928, 47, Oct. 15) , that an insoluble, tough, elastic substance 
is formed by heating triolein witih sulphur. The process may be 
divided into three stages ; ( 1 ) Combination of the triolein with 
sulphur; ( 2 ) polymerisation of these molecules to double mole- 
cules; (3) further polymerisation giving the elastic substance. 
From the reaction mixture may be separated an acetone-soluble 
portion corresponding to stage 1 , and a benzene-soluble portion 
(stage 2 ). The remaining highly polymerised product is insoluble. 

Further iofoimation has now been obtained on the process 
concerned by two methods ; (a) jl-ray examination of the.j " 
ducts; ^ 6 ) examination of the behaviour of the soluble ] 
when spread as thin films on a water surface. 

4z 
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KNIGHT AND STAMBERGER : 


Experimental. 

For convenience the details of the various products which have 
been examined are given in Table I, 


Table I. 







Diameter 


Sulphur 

No. of 



of circle 


content, S atoms 

State of 


in X-ray 

Substance. d. 

0^ 

%• 

per mol. 

aggregation. 

M, calc, diagram. 

Triolein. 0-920 

Vulcanised triolein; 

— 

— 

Liquid. 

884 

28*06 mm. 

Acetone-soluble. 1*03 

16-6 

4 — 5 

Very viscous 

10441 

f 27-74 

Benzene-soluble, I. 1-04 



liquid. 

1076 J 

16*4 

10—12 

Viscous, pasty 
liquid. 

20881 

21621 

\ 27-68 

Benzene-soluble, II. 1-04 

16-4 

10—12 

Slightly elastic, 

20881 

|- 28-10 



sticky solid. 
More elastic than 

2152 J 

Benzene-soluble, III, — 

16-4 


7000 



dissolved by heating 
not higher than 60“. 



1 and II. 

(cryoscopic) 

Insoluble, elastic solid. — 

16-S 

— 

Tough, elastic 
substance. 


28-10 

Oleic acid. 0-891 

— 


Oil. 

282 


Batty acids from 0-971 

saponification of 
yulcanised triolein. 

13-7 

3— 4 

Very viscous 
liquid. 

937 \ 

969/ 


The X-ray diagrams were obtained by the method described by 
ICatz {Z. Physikj 1927, 46, 100) with Cua rays. All the products 
gave circles of the same diameter (Figs, la and 6), which is calculated 
for a distance of 40 mm. between the substance and the photographic 
plate, and shown in Table I ; these circles indicate an amorphous 
structure. The X-ray examination did not show any change in 
the molecules in the dfierent stages of the reaction. 

Unimoleovlar Films , — ^The soluble products and the sulphur- 
containing oleic acid obtained by cold saponification have been 
found to give unimolecular films of the expanded type when spread 
on water. The films of these substances have been studied by 
using the apparatus and technique of Adam {Proc, Boy, Soc., 1926, 
A, 110, 423). Dilute benzene solutions of known concentration 
of the several products were prepared. Known weights of these 
solutions were placed upon a clean water surface in a Langmuir- 
Adam trough by means of a capillary drop-pipette. The force 
of compression acting on the film when the area was diminished 
was measured by means of Adam’s torsion apparatus (loc, ciL). 

The results of the measurements are given in Figs, 2 and 3, 
where the compressing force {F in dynes/cm.) is plotted against 
the thickness of the film (in AngstrSm units). The molecular 
weights of the substances cannot be accurately determined, as 
they are not sharply defined chemical compounds. We have pre- 
ferred, therefore, to plot the thickness of the film as calculated 
from its area, the weight of substance, and its specific gravity 
{d in Table I), rather than the area per molecule. In Table II are 
coEected the values for the dimensions of the molecules derived 



JSL-May diagruni of triolein^ 

Fxa. la. 



"^^Rciy diagrtiriL of vulcanised 
triol&in. 

Fia. 16 * 


ITo face p. 2792.] 
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from the curves. The areas per molecule have been calculated 
approximately, assuming theoretical molecular weights derived from 
the sulphur content and the cryoscopic measurements. 



TKic^smsa ofJUm, A.U. 


Curve J, Bens^ne-soluble part^ I and Ilf 16®. 

„ IJ. Benzene^aoliiblepart, III, 

„ III. Triolein. 

„ IV. Aoetone’-soluhle part, 16'. 

Table II. 

Thickness in Area per molecule, 

film at zero sq. A.TJ., at 


Substance. pressure. Temp. zero pressure. 

Triolein 13*0 A.TJ. 16® 132 

Acetone-sol 13*9 16 125 

Benzene-sol., I and II 13*9 16 260 

Benzene-sol., IH 16*3 18 — 

Oleic acid 13*8 16 and 1 35 

Sulphurised oleic acid 16*9 ' 16 96 

Sulphurised oleic acid 18*5 1 86 


Discussion. 

It is of interest to correlate the observations made in the above 
experiments with the physical properties of these substances aaaiA^ 
with the appearance of elastic properties. ^ / 

4z2 
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KNIGHT AND STAMBBBGEB : 


The combination with sulphur in the first part of the reaction 
does not alter the mode of orientation, and only very slightly 
affects the dimensions of the molecule. The film of the acetone- 
soluble product is about 1 kJJ. thicker at zero pressure than that 
of triolein, indicating that the hydrocarbon chains are tending to 
be oriented more nearly perpendicular to the water surface. The 
position of the sulphur in the molecule is not definitely determined. 
Most probably it is in a chain connecting the double bonds of the 


Fig. 3. 



Curve /, Oleic acid at 1°. 

„ II, Okie acid at 16®. 

,, III, Sulphurised oleic acid at 1®. 

„ IT, Sulphurised oleic acid af 16®. 

adjacent oleic acid chains, siace after saponification most of the 
sulphur is still attached to the fatty acids. About of the 

sulphur is found with the glycerol after saponification, not as 
inorganic sulphur. Cryoscopic determinations on these sulphur- 
containing fatty acids show that they are still combined in groups 
of three. The acetone-soluble product of the first stage of the 
reaction is a viscous fluid substance having no elastic properties. 

In the second stage of the reaction the molecules polymerise first 
to double molecules. This is the benzene-soluble part, and is a 
viscous, pasty fluid substance, slightly elastic. This substance 
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clianged to a still more elastic sticky solid on standing for 3 — 4 
months in a closed weighing bottle. This change could be acceler- 
ated by heating or by irradiation with ultra-violet light. An elastic 
solid was also obtained by keeping the benzene-soluble part under 
water or acetone for several days. These solid products only 
swelled in benzene at room temperature, but could be dissolved 
on continued boiling. It appears probable that the highly polymer- 
ised or aggregated molecules of the elastic solid obtained from the 
benzene-soluble part in this manner had been broken down by the 
hot solvent to double molecules. AU these benzene-soluble pro- 
ducts gave the same results on spreading on water. The thickness 
of the film was about the same as that of the acetone-soluble part. 
The area per molecule at zero pressure, calculated from the theor- 
etical molecular weight (cryoscopic measurements and sulphur 
content), was twice that of the acetone-soluble part. This indicates 
that the double molecules are formed by the joining of two mole- 
cules side by side. The polar glyceryl groups are apparently 
unaltered, since the orientation is unaffected. 

By careful heating with benzene for 2 days at a temperature not 
higher than 60°, the elastic polymerised product obtained from 
the benzene-soluble part (I) (by standing for 3 — 4 months at 
room temperature) could be completely dissolved. Cryoscopic 
measurement showed a very high molecular weight, at least 7000. 
This product (benzene-soluble, HI) gave, on spreading, a film 
16*3 A.TJ. thick — again a unimolecular film. The slightly greater 
thickness of this film may be due to the polymerisation to larger 
groups of molecules (at least 7) causing closer packing of the 
fatty-acid chains. The form of the compression curve at low 
pressures shows that the film is there much less expanded (see 
Kg. 2). 

The same elastic polymerised product was nearly completely 
dissolved on being kept under benzene at room temperature for 
14 days. This solution gave no freezing-point depression even at 
a concentration of 7%, Accurate figures for the film thickness 
cannot be given owing to traces of substance being undissolved. 
Several measurements gave values for the thickness of 17 A.U. at 
zero pressure, showing at least that the film is still one molecule 
thick. These measurements show that the higher molecular aggre- 
gates are formed by the finking of several molecules side by side, 
repeating the method of formation of the double molecules. 

After saponification the elastic properties of the solid disappear. 
The sulphurised oleic acid is a viscous liquid. Moreover, no elastijiv 
substance could be obtained by heating oleic acid with suIpM^' 
The sulphurised acids obtained by both methods gave films 
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same thickness, a little thicker than oleic acid. Since the fatty 
acids are in groups of three after saponification of both the benzene- 
soluble part and the elastic solid (see Stamberger, Zoc. ciL), it seems 
that the polymerisation is not caused by sulphur linking together 
hydrocarbon chains of adjacent molecules, but rather suggests that 
the glyceryl portion of the molecules takes part in the combination 
to give the elastic solid. If this is broken by saponification, the 
elastic properties disappear, although the fatty acids are still held 
together in groups of three. 

The effect of lowering the temperature is interesting (see Fig. 3). 
A change from 18® to 1° has very little effect on the area of the 
oleic acid film, hut this may be subjected to a somewhat higher 
pressure at the lower temperature before collapsing. The oleic 
acid film at 0° is still considerably above its temperature of transition 
from the expanded to condensed type of film as shown by Adam 
(Proc. iJoy. Soc,y 1926, A, 112, 362). On the other hand, an equal 
lowering of temperature causes a considerable decrease in the film 
of the sulphurised oleic acid. It is evident that at 1° the latter 
6 Itt> is much nearer to its transition temperature than is oleic acid : 
it is approaching the behaviour of the corresponding saturated 
fatty acid film . The sulphurised oleic acid is less compressible 
than oleic acid. These differences in behaviour are undoubtedly 
due to the fact that in the former substance the fatty-acid chains 
are held together by sulphur, the double bonds being partially 
saturated. The molecules are thus oriented more in the manner 
of a condensed film. 

It is now possible to suggest a theory of the formation of the 
final insoluble, elastic substance. The double molecules of the 
benzene-soluble substance have been shown to be formed by the 
linking together, side by side in a definite orientation, of two single 
molecules. The more highly polymerised product containing at 
least 7 molecules (benzene-soluble, III, fairly elastic) is formed by 
the linking of further molecules in the same manner. This com- 
bination is between the glyceryl parts of the molecules. It seems 
probable, therefore, that in the final insoluble elastic product there 
would be long chains of molecules oriented with respect to one 
another side by side, with their hydrocarbon chains more or less 
parallel, combined by a repetition of this process. 

This conception of the structure leading to the formation of the 
insoluble elastic substance is illustrated by the diagrams in Kg. 4. 
On this hypothesis, the slow change of the viscous fluid to an elastic 
solid ma^’ be explained by the slow orientation of the molecules to 
give long chains. The acceleration by heating and by ultra-violet 
irradiation is then due to the increased number of effective collisions, 
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and therefore of opportunities for linking and orientation, under 
these conditions. 

McBain has reached somewhat similar conclusions in the case of 
the formation of soap jellies from solution (Alexander, “ Colloid 
Chemistry,” p. 141) ; he says ‘‘ The conclusion seems inevitable that 
the actu^ colloidal particles are the same in solution and in the 
true jelly, but that in the jelly the particles of neutral colloid are 


Fxg« i. 




I, Triolein, III, BenzenesoliAle paH (I and II), 

II, Acetone-soluhle part, IV, The elaatic solid. 

linked together probably to form innumerable ultramicroscopic 
filaments.” 

In a later paper (J. Amer. CTiem. Soc,, 1927, 49, 2230), in order 
to explain the observed surface concentration found to be in excess 
of that required for a complete unimolecular film, McBain has pul 
forward a theory of chains of oriented molecules extending 
wards from the surface of solutions of non-electrolytes. He 
out that the effect of finely ground fillers upon the strengfit laid 
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resiliency of rubber may be explained by this conception. The 
extensive surface of the finely ground filler has the role of orienting 
molecules in contact Tdth it. and the chain effect extends with 
diminishing intensity into the surrounding rubber. Our view, that 
the increase of elasticity in the vulcanisation of triolein is due to a 
vectorial orientation of molecules, is in agreement with McBain's 
theory. 

Recently, Sheppard and Keenan (Nature, 1928, 121, 982) have 
given some interesting data for the spreading of cellulose esters on 
mercury. In order to explain the thinness of the films they suggest 
that a polymeric chain or sheet is formed one molecule thick. For 
this type of molecule the orientation is apparently with the chains 
parallel to the surface. 

Summary. 

1. The entrance of sulphur into triolein in vulcanisation does 
not change its orientation on water, and only very slightly alters 
the dimensions of the molecule. Elastic substances can be obtained 
from this product. 

2. Measurements of thin films show that, in the polymerisation 
to such elastic substances, the molecules are linked side by side in 
a definitely oriented maimer in long chains. 

3. This work provides a basis for a theory of elastic formation 
in a solid. 

Our best thanks are due to Prof. F. G. Donnan for criticisms and 
suggestions, and to Prof. J. C. Drummond for allowing the work 
on the films to be carried out in his department. This opportunity 
is taken of thanking Dr. N. K. Adam for much help when the torsion 
apparatus was under construction. Acknowledgment is also made 
to the Department of Scientific and Industrial Research for a grant 
held by one of us (B, 0. J. G. K.). 
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CCCLXX . — Tmnsannvlar Anionotropic Migratmis. 

By James Wilfeed Cook. 

It has been shown (Barnett, Cook, and Matthews, Ber., 1927, 60, 
2353) that the monobromo-derivative of 1 : 5-dichloro-9-benzyl- 
anthracene exhibits dual properties inasmuch as it 3 delds two 
distinct series of hydroxy-, acetoxy-, methoxy-, and ethoxy-com- 
poimds by suitable treatment, viz., (a) yellow and fluorescent 
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compounds which are represented bj formula (I) and (6) colourless 
and non-fluorescent isomeric compounds, obtained when the 
hydrogen bromide formed by the reaction is removed as rapidly 
as it is produced, which pass into their yellow isomerides under 
the influence of hydrogen ions. Moreover, both hydroxy-com- 
pounds are converted by hydrogen bromide into the original bromo- 
compound, Barnett and Matthews {loc. cit.) suggested tentatively 
that the colourless compounds have endocyclio structures (11), 
whereas the author (Cook, Ber., 1927, 60, 2366) regarded this as 
improbable and assigned a benzyhdene structure (III) to the 
colourless compounds, postulating a migration of X to account 
for the interconversion of compounds of the two series : 


Ph9HX PhqH 

CgHgCf^X^eHsCl -^CjHgCl/^CjHaCl 

\ \f!/ 


(k/ 

(H.) 


CH 

(I.) 


H X 

(m.) 


The present communication deals with attempts to decide between 
structures (II) and (III); it is not claimed that the endocyclio 
structure (II) is definitely disproved, but there is much new evidence 
to substantiate structure (III) for the colourless compounds. 

The analogy existing between the tautomeric system contained 
in a 9-alkyl derivative of anthracene (the “ bridge being regarded 
as equivalent to an ethylenie bond) and the simpler 3-carbon 
system has been established by the interconversion of 1 : 6-dichloro- 
lO-phenyl-9-methylanthraeene and the pseudo-tautomeric methyl- 
ene compound (Barnett and Cook, Ber., 1928, 61, 314), and the 
postulated change (III) — (I) is then seen to be comparable with the 
bromine migrations in simpler conjugated systems recently studied 
by Parmer, Laroia, Switz, and Thorpe (J., 1927, 2937) * and Parmer, 
Lawrence, and Thorpe (this voL, p. 729) * and with the mobile 
anion tautomeric changes described bv Burton and Ingold (this 
vol., p. 904).* 

The suggestion was made tentatively (Cook, he, dt,) that the 
rearrangement in the anthracene series is preceded by ionic dis- 
sociation, and this mechanism has been confirmed in the case of 
the a-phenylallyl system by the experiments of Burton (this 
vol., p. 1650). The order of mobility of the anions (Br>OAo> 
OH or OEi), identical with that 
in their compounds, is further 

* Other examples of mobile anion 
references given in these papers. 


observed by Burton and Ingokl 
evidence of the ionic nature^. 

tautomerism may be found 
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the migrations and it is also significant that, whereas hydrogen 
ions promote hydroxyl migration in the colourless hydioxy-com- 
poimd (IV), hydroxyl ions bring about hydrogen migration. The 
1 ; 5>dichloro-0-benzylanthrone (Y) resulting from the lattra change 
was identified by direct comparison with an authentic sample and 
also by conversion into 1 : o-diehloro-9-benzyl-lO-phenylanthraoene 
by treatment with magnesium phenyl bromide, followed by dehydr- 
ation of the resulting carbinoL 


Ph9H-OH 


C,H3Cl<^|^8H3a 


— 


PhpH 

CfiHaCKf '>C8Hsa 
H OH (IV,) 



PhCHg-CH 
CeHaCl/' SCeHsCl 
CO (V.) 


This prototropic change, effected by brief boiling with sodium 
hydroxide solution, is comparable with analogous changes in 
open-chain sjTstems (Burton and Ingold, loc. eit). 

More definite evidence that the substituent group in the colour- 
less compounds is attached to the 10-carbon atom of the anthracene 
ring is afforded by an experiment carried out with the 1 : 5-dichloro- 
iO-ethoxy-9-ben2yMene-9 : lO-dihydroanthracene * (VI) prepared 
by Barnett (unpublished work) by the action of magnesium benzyl 
chloride on 1 : 5-dichloroethoxyanthrone and dehydration of the 
resulting dihydroanthranol. This ethoxy-compound (VI) is different 
from the colourless ethoxy-compound previously prepared (Barnett, 
Cook, and Matthews, £er., 1927, 60, 2361) and is presumably its 
geometrical isomeride. It has not been possible to effect its direct 
conversion into the w-ethoxy-compound, the reaction with alcoholic 
hydrogen chloride being slow and incomplete. This difference in 
migratory power between the two geometrical isomerides is curious 
and may be compared with a similar difference observed with the 
1 : 2-dibromides of the two stereoisomeric hexatrienes (Farmer, 
Laroia, Switz, and Thorpe, J., 1927, 2942). The desired conversion 
was obtained through the bromo-eompound, replacement of the 
ethoxy-group by the more mobile bromine atom by treatment of 
(VI) with hydrogen bromide leading to the same monobromo- 

* I am indebted to Dr. E. de Barry Barnett for his kindness in giving me 
a few grains of this benzylidene compound. — J. W. C. 
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compound (VII) aa iras obtained by bromination of 1 ; 5-dichloro- 
9-benzylanthracene. 


PhCH 


CeH3Cl<^^ 


HBr 

jHaCl-^CsHaCt 


H 'bEt 
(VI.) 


Pb^H 

)I<^ yc,K^cu 


yCy 

H Br 
(VH.) 



The inversion of geometrical configuration evidently proceeds 
through the tautomeric phase (VUT), it having been shown already 
that (Vin) cannot be isolated owing to the ease with which it 
passes into its isomeride of the “ colourless ” type (Barnett, Cook, 
and Matthews, Zoc. cit. Compare Barnett, Cook, and Ellison, this 
voL, p. 889). 

It should be possible to obtain evidence of structure (III) for the 
colourless compounds by oxidation to the anthrone derivative (IX). 



Ph9HBr 


CeHsCl/j 




Ph 
(XI.) 


As long as there is a mobile hydrogen atom this course is not practic- 
able on account of the ease with which the enol is oxidi^. If 
the mobile hydrogen atom is replaced by a phenyl group, enolisation 
is no longer possible, so that the phenylanthrone derivative (X) 
should be capable of isolation from the oxidation products. With 
this object in view the preparation of a series of derivatives of 
1 : 5-dichloro-9-benzyl-10-phenylanthracene was initiated. The 
substance gave a reactive monobramo-derivsbtive, but the hydroxy- 
and e^ioaiy-compounds obtained from it by treatment with aqueous 
acetone and ethyl alcohol, respectively, in the presence of calcium 
carbonate were obviously of the “ yellow and fluorescent type, 
and this, coupled with the deep orange colour of the bromo-com- 
pound, renders it fairly certain that the latter has structure (XI). 
The influence of replacement of hydrogen by phenyl on the 
equilibrium of the anionotropic system is explicable on the el^tronic 
hypothesis of Burton and Ingold and steric influences would operate 
in the same direction. 

The problem was attacked from another standpoint by attempt- 
ing the preparation of colourless series of derivatives from l-cAforo-/, 
MenzylarUhro^me and 4:-chlor(h9-benzylanOiracene. H the , 


4 z 2* 
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cyclic structure were correct, the molecule would be symmetrical 
and these two series of compounds would have identical structures 
(XII). Now, although 1 ; 5-dichloro-9-benzyIanthracene gives a 
reactive bromo-derivative, O-benzylanthracene yields only the 
lO-bromo-derivative (Cook, J., 1926, 2161. Compare -Bar., 1927, 
60, 2366), so that the first possible pitfall wais that a single a-chlorine 
atom might fail to have the necessary influence on the bromination. 
Actually, l-chloro-9-benzylanthracene on bromination yielded a 
very unstable dibromide which decomposed into a mixture of the 
10-6roff2o-eompound (XIII; 30%) and the beiizylideiie compound 
(XrV^ 70%) : 

PhCHo Br 

iir Br H 

(xni.) (XIV.) 

Rrom the reactive bromo-compound (XIV) derivatives were obtained 
of both “ colourless ” (XV) and ‘‘yeUow ” (XVI) types. 





Ph9HX 
C Cl 



Ph9HX 


(XVI.) 

(X = OH, O-COMe or OR.] 



The unstable dibromide of 4-chloro-9-benzylanthracene gave only 
the reactive 6ro7?20-compound, but this passed into “ yellow ” 
substitution products (XVII) even in the presence of calcium 
carbonate and it seems fairly certain in this case that the co-bromo- 
compound is the stable tautomeride, so that the bromo-compound 
has structure (XVIII). 

Ph9HBr 




irk 



(xvni.) 


The steric effect of the a-chlorine atom can account for these differ- 
ences between the 1-chloro- and the 4-chloro-derivatives of 9-benzvl- 
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anthracene. The non-formation of colourless derivatives of the 
4-chloro-compound has prevented definite refutation of the endo- 
cyclic structure. It is certain, however, that the endocyclic com- 
pounds were not formed as intermediate products in the preparation 
of the co-derivatives of 4-chloro-9-benzylanthracene, since the latter 
substances were quite different from the isomeric co-derivatives 
obtained from l-cMoro-9-benzylanthracene. 

The proof of the structure assigned to the “ yellow ’’ compounds 
is similar to that previously advanced in the case of the 1 : S-di- 
chloro-compounds. I'or instance, 4-chloro-co-methoxy-9-benzyl- 
anthracene gave an unstable dibromide which spontaneously 
decomposed into benzaldehyde and 4-chloro-9-bromoanthracene 
(XIX) : 



(XIX.) (XX.) 


This new bromo-compound was identical with the substance obtained 
by Barnett and Matthews (jRec. trav. cMm,, 1924, 43, 535) by 
thermal decomposition of a-chloroanthracene dibromide, and the 
present result determines the orientation of their compound. 
4-Chloro-9-bromoanthracene is stable in the presence of excess of 
bromine, thus resembling 1 : 5-dichloro-9-bromoanthracene (Barnett, 
Cook, and Matthews, Zoc. cit,), but differing from 9-bromoanthracene 
itself which is readily brominated. l-Chloro-9-bromoanthracene 
appears to resemble 9-bromoanthracene, since it was not isolated 
from the decomposition products of the dibromide of 1-chloro- 
to-methoxy-9-benzylanthracene, only the dibromo-compound (XX) 
being obtained. The bromine necessary for bromination of the 
monobromo-compound was evidently obtained by partial loss of 
bromine from the original dibromide of the methoxybenzyl com- 
pound. The difference in behaviour between the isomeric a-chloro- 
9-bromoanthracenes may again be attributed to the steric effect 
of the a-chlorine atom, provided it is assumed that bromination is 
preceded by 9 : 10-addition of bromine, as is certainly the ease with 
the bromination of many other anthracene derivatives. 

The <o-m€rtoa:^-derivative of l-chloro-9-benzylanthraeene was 
converted by hydrogen bromide into the “ colourless ” bromo^, 
compound (XIV), so that, as in the 1 : 5-dichloro-series, the 
idene bromo-compound is the stable tautomeride, wheresj^ijf^fl 
the hydroxy-, acetoxy-, and alkoxy-derivatives the ca-strUi^iwi' 
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the more stable. This curious difference, in conjunction Trith the 
fact that the o>-bromo-derivative of 4'Chloro-9-benzylanthracene is 
the stable tautomeride, is doubtless due to steric factors. Thus, 
the omega structure is normally the stable type, but the pre- 
sence of the chlorine atom in position 1 hinders the attachment 
of such a bulky group as bromine to the c^-carbon atom. It is 
perhaps significant that the bromine atom tends to take up a 
position as remote as possible from the a-chlorine atom (XIV and 
XVIII) and it may be that this is partly determined by polar factors. 

It has been shown (Cook, J,, 1926, 2161) that the action of excess 
of bromine on lO-bromo-9-benzylanthracene results in addition to 
one of the Bz rings with the formation of a tetrabromide. When 
l-chloro-lO-bromo-9-benzylanthracene (XIII) was treated with 
excess of bromine a tetrabromide was not obtained, the only pro- 
duct isolated being 4-chloro-9-bromoanthracene (XIX). At pre- 
sent it is not proposed to discuss this apparent replacement of a 
benzyl group by a hydrogen atom by means of bromine. 

Expeeimektal, 

Pratotropic Rearrangement of 1 : o-Bichloro-lO-hydroxy-Menzyl- 
idene-9 : 10-dihydroantJiracem (IV). — The hydroxy-compound (5 g.) 
was added to a solution of alcoholic sodium hydroxide prepared from 
sodium (5 g.) and 95% alcohol (125 c.c,). A deep blood-red colour 
was developed on boiling and the boiling was continued for ^ hour. 
The resinous product, obtained by dilution with water, was recrystal- 
lised twice from ethyl acetate and then formed colourless crystals 
(1*5 g.) which melted at 169 — 170° alone or when mixed with 
1 : 5-dichIoro-9-benzylanthrone (V). The identification was com- 
pleted by treatment with magnesium phenyl bromide, dehydration 
of the resulting dihydroanthranol yielding 1 : 5-dichloro-9-benzyl- 
10-phenylanthracene, m. p. 211 — ^212° (alone or mixed with an 
authentic sample). 

The corresponding ethoxy-compound was recovered unchanged 
after boiling for 7 hours with alcoholic sodium hydroxide. 

Action of Hydrogen Bromide on 1 : 0 ’Bichloro-lO-ethoxy-Q-benzyh 
idene-% : IQ-dikydroanthrcucene (^T[). — This ethoxy-compound (m. p. 
170°; 1*5 g.), one of the products of the action of magnesium 
benzyl chloride on 1 : 5-dichloro-10-ethoxy-9-anthrone (see foot- 
note on p. 2800) and shown to be different from the original colour- 
less ethoxy-derivative of 1 ; 5-dichloro-9-benzylanthracene, was 
dissolved in toluene (10 c.c.), and hydrogen bromide passed through 
the boiling solution for 20 minutes. After cooling and dilution 
with light petroleum, crystals separated which, after reorystallisation 
from benzene-light petroleum, melted at 180—182° alone or mixed 
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with the monobromo-derivative obtained from 1 : 5-dicliloro- 
9-benzylanthracene. The identification of the bromo-compound 
was completed by its conversion into the original colourless ethoxy- 
compound by means of alcohol in the presence of calcium carbon- 
ate. The new ethoxy-compound of Barnett was thus indirectly 
converted into its geometrical isomeride. 

Derivatives of 1 : S-Dichloro^d-benzyl-lO-pMnylanthTaceTie, 

(a) o>~BromO’derivative (XI). — solution of 1 : 5-dichloro-9- 
benzyl-lO-phenylanthracene (16 g.) in carbon disulphide (100 c.c.) 
was treated slowly at the ordinary temperature with bromine 
(2 c.c.). After 3 hours the solvent was removed by distillation; 
the residual resin, when treated with ether, became solid. The 
product crystallised from benzene-ether in orange crystals, m. p. 
179 — 180® (Found : Cl + Br, 30*6. Co7Hi7Cl2Br requires Cl + Br, 
30*7%). 

(b) ci-Hydroxy ‘derivative . — ^The bromo-compound (XI ; 5 g.) was 
heated on the water-bath for 4 hours with calcium carbonate (1 g.) 
and acetone (60 c.c.) diluted with water (15 c.c.). The product 
was recrystallised twice from benzene-Hght petroleum and twice 
from benzene-alcohol and then formed canary-yellow nodules, 
m. p. 189 — 191° (Found : C, 76d ; H, 4*3. C27H18OCI2 requires 
C, 76*5; H, 4*2%). Solutions of the substance had a blue 
fluorescence. 

(c) oi-Eihaxy-deriveUive . — ^The bromo-compound (XI; 6 g.) was 
heated on the water-bath for 2 hours with ethyl alcohol (50 c.c.). 
The crude product, m. p. 150 — 155®, was repeatedly crystallised 
from benzene-alcohol until it melted constantly at 173 — 174® 
(Found: C, 75*9; H, 4*85. C29H22OCI2 requires C, 76*1; H, 
4-8%). This ethoxy^Qompoimd form^ glistening yellow leaflets, 
fluorescent in solution, and the same result was obtained when the 
reaction was carried out in the presence of calcium carbonate. 


a‘GMarO‘9‘be7izylanthrcLce7ies, 


l‘OhlorO‘Q‘benzylanthracene. — l-Chloro-9-anthrone (30 g.), obtained 
by reducing a-chloroanthraquinone with aluminium and sulphuric 
acid (Eckert and Tomaschek, Ilcmatsh.^ 1918, 39, 839; compare 
Barnett and Matthews, J., 1923, 123, 2550), was added slowly to 
a Grignard solution prepared from benzyl chloride (42 c.c.) and 
magnesium powder (9 g.), the solution being cooled in a freezing 


mixture. After 4 hours the suspension was poured on ice 
ammonium chloride, the ethereal solution washed, and the 
removed by distillation. The viscous residue was treat^^^K 
light petroleum, and the resulting solid (40 g.) twice reory^tt^ 
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from benzene-light petroleum (Found : C, 78*6 ; H, 54. C21H17OCI 
requires C, 78*6; H, 5*3%). l-(7Moro-9-Ai/draa;^-9-6ew2^Z-9 : 10- 
dihydroanihracene forms a colourless crystalline powder, m. p. 
126 — 127°, It was dehydrated by allowing its solution in acetic 
acid containing hydrochloric acid to stand over-night at the ordinary 
temperature. The resulting l-cMoro~9-benzylanthracene, recrystal- 
lised from benzene-alcohol, formed pale yellow nodules, m, p. 
119 — 120° (Found : C, 83*5; H, 5*05. C21H25CI requires C, 83*3; 
H,5*0%). 

4:-Chloro-9‘be7izylanthra€ene was obtained in good yield in exactly 
the same way from 4-chloro-9-anthrone, prepared by reducing 
a-chloroanthraquinone with tin and hydrochloric acid (Barnett 
and llatthews, J., 1923, 123, 2550). The crude dihydroanthranol 
was not purified but was converted into the chlorobenzylanthracene, 
pale yeHow needles from ethyl acetate-alcohol, m. p. 120° (Found : 
Cl, 11*8. CaiH^gCl requires Cl, 11*7%). 

Brominaiion. Each a-chloro-9-benzylantIiracene (15 g.) was dis- 
solved in carbon disulphide (50 c.e.) and the solution, cooled in a 
freezing mixture, was treated with bromine (2*5 c.c.). The bromine 
was taken up without evolution of hydrogen bromide and in each 
case a solid additive compound separated, which passed into solu- 
tion with liberation of hydrogen bromide on warming to the ordinary 
temperature. After an hoxir the solvent was removed by distil- 
lation, the residual oil treated with light petroleum, and the resulting 
yellow solid collected and dried. The crude product from l-chloro- 
9-benzylanthracene was obviously a mixture. A little was dissolved 
in boiling pyridine, alcohol added to the solution, and the resulting 
l-GMoroA9‘broTm-9-bmzylant}iracene (XIU) recrystallised from ethyl 
acetate ; it then formed yellow silky needles, m. p. 160° (Found : 
C, 66*0; H, 3*8. C2iHi4ClBr requires G, 66*1; H, 3*7%). The 
constitution assigned to this bromo-compound depends upon its 
inert character, the substance being recovered unchanged after 
boiling for an hour with acetic anhydride containing sodium acetate 
or with alcoholic potassium hydroxide solution. 

When the bromo-compound (XIll) was treated with excess of 
bromine (2 mols.) in carbon disulphide solution the bromine was 
slowly taken np with liberation of hydrogen bromide. After 12 
hours the solvent was distilled ofi and the viscous residue triturated 
with a httle ether. A solid remained which, recrystallised from 
ethyl acetate-alcohol, melted at 149 — 150° alone or mixed with 
4-chloro-9-bromoanthracene (XIX) (Found: C, 57*3; H, 2-9. 
Calc.: C, 57*6; H, 2*75%). 

l‘ChToro-\9‘^br(mO’-9-bmzyUdene-9 : lO-dihydroanthracem (XIV). — 
This was the chief product of the bromination of l-chloro-9-benzyl- 
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anthracene, but could not be isolated from the crude mixture on 
account of its reactive nature. It was obtained, however, when 
hydrogen bromide was conducted through a boiling solution of 
l-chloro-6)-methoxy-9-benzylanthracene (see below; 4 g.) in 
benzene (10 c.c.) for 15 minutes. The feromo-compound was obtained 
by adding light petroleum to the cooled solution and after recrystal- 
lisation from benzene-light petroleum formed almost colourless 
needles, m. p. 151 — 153° (Found : C, 66-1 ; H, 3-9. C 2 iIIi 4 ClBr 
requires C, 66-1 ; H, There can be no doubt that this 

compound was identical with the reactive bromo-compound present 
in the crude bromination mixture of l-chloro-9-benzylanthracene, 
since by heating with methyl alcohol and calcium carbonate it was 
converted into the same colourless methoxy-compound as was 
obtained from the original bromination mixture. This mode of 
preparation of the pure bromo-compound (XIV) lends support to 
the hypothesis that in solution it is in tautomeric equilibrium with 
1 -ehloro-o>-bromo-9-benzylanthracene (compare the equilibrium 

vn vm). 

4‘Chhro-<ii-bromo-9‘benzylanthracene (XVIII) appeared to be the 
only isomeride formed by brominating 4-chloro-9-benzylanthraeene. 
After recrystallisation from benzene-light petroleum it formed 
deep yellow nodules, m. p. 165 — 166° (Found : C, 66*2 ; H, 3*8. 
C 2 iHi 4 CIBr requires 0, 66*1 ; H, 3*7%). 

Colourless Derivatives of l-GhlorO'9-benzyla7iffbracem, 

In all experiments with the bromo-compound (XIV) the crude 
mixture of isomerides obtained by brominating l-chloro-9-benzyl- 
anthracene was used. The products (XV and XVI) obtained 
from (XrV) were usually very soluble in most solvents and remained 
in solution, the sparingly soluble lO-bromo-compoimd (XIII) being 
filtered off. The proportion of the latter compound isolated was 
consistently 30% of the crude mixture. 

1 - CMoro - 10 - hydroxy - 9 - benzyUderie - 9 ; 10 - dihydroanthracene 
(XV ; X = OH). — ^The mixed bromo-compounds (5 g.) were heated 
on the water-bath for 4 hours with acetone (60 c.c.), water (15 
c.c.}, and calcium carbonate (1 g.). After cooling, the lO-bromo- 
compound (XIII) was filtered off, the acetone distilled from the 
filtrate, and the resinous product recrystallised twice from benzene- 
light petroleum and once from toluene. The substance then 
formed a colourless crystalline powder, m. p. 185°, which, like the 
analogous 1 ; 5-dichloro-compound (IV), gave an intense orange-re<|^ 
colour with boiling alcohohc potassium hydroxide solution 
C, 79*3; H, 4-8. CgiHigOCl requires C, 79*1 ; H, 

The corresponding u-c€foa:j?-compound {XV ; X == 
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obtained when a solution of this hydroxy-compound (3 gO in 
pyridine (10 e.c,) was treated for 6 hours at the ordinary tem- 
perature with acetic anhydride (5 e.c.). It formed colourless 
glistening crystals, m. p. 151 — 153°, from ethyl acetate-alcohol 
(Found : C, 76*3 ; H, 4*8. C 23 H 17 O 2 CI requires C, 76-6; H, 4‘7%). 

l-ChlorO'-lO-methoxy-Q-benzyUdem-Q : lOMhydroanthrcLcem (XV ; 
X = OMe)» — ^The mixed bromo-compounds (3-5 g.) were heated 
on the water-bath for an hour with methyl alcohol (100 c.c.) in 
the presence of calcium carbonate (1 g.). After cooling, the filtered 
solution was concentrated and diluted with water. The resinous 
product was dried and recrystallised twice from benzene-light 
petroleum and then formed colourless glistening needles, m. p. 
129 — 130°. Its solutions were non-fluorescent (Found : C, 79-3 ; 
H, 5«2. C 22 H 17 OCI requires C, 79-4; H, 5-1%). 

The corresponding ethoxy-compound could not be obtained 
solid. 


“ Tellotv ” Derivatives of l-CMoro-Q-henzylanihracene, 

hChlorO‘ta-metfioxy-Q-benzylanihracem (XVI; X = OMe). — ^The 
colourless methoxy-compound (above; 0-8 g.) w’as heated on the 
water-bath for 1| hours with methyl alcohol (15 c.c.) containing 
concentrated hydrochloric acid (1 e.c.). After cooling, the solid 
was collected and recrystallised from alcohol ; it then formed pale 
yellow needles, m, p. 135 — 136°. The solutions had a strong violet 
fluorescence and the m. p. was depressed by admixture with the 
original colourless methoxy-compound (XV) or with the methoxy- 
derivative obtained from 4-ehloro-9-benzylanthracene (XVII) 
(Found : C, 79*4; H, 5-2. C^^IL^.OCl requires C, 79-4; H, 5-1%). 

Bromine (0-3 c.c.) was added to a solution of this methoxy- 
compound {1-85 g.) in carbon disulphide (5 c.c.), cooled in a freezing 
mixture. The bromine was taken up but no hydrogen bromide 
was evolved. The addition of light petroleum resulted in the 
separation of a colourless solid, which was collected and, without 
purification, dissolved in boiling benzene. The solution became 
yellow and hydrogen bromide was evolved. After boiling for 
I hour, the solution was treated with alcohol and cooled, and the 
resulting crystals were recrystallised from ethyl acetate (Found : 
C, 45^3 ; H, 2-L Ci^H^ClBra requires C, 45*3 ; H, 1-9%). l-CAIoro- 
9 ; lO-dUnomMuthracem (XX) forms slender orange-yellow needles, 
m. p. 159-^161°. 

l-Ghhro-<i>-acetoxy^Q^benzylanihra^ (XVI; X^ 0*COMe). — 
(a) A solution of the mixed bromo-compounds (5 g.) and sodium 
acetate (3 g.) in glacial acetic acid (35 c.c.) was boiled for an hour, 
cooled, and filtered from the lO-bromo-compound (XIII), and the 
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filtrate poured into water. The precipitate was collected, dried, 
and reerystallised from benzene-light petroleum and then from 
alcohol. The aceto.r^-compound formed yellow prisms, m. p. 157 — 
ISS'’, and the m. p. was depressed by admixture with the isomeric 
colourless acetoxy-compound (XV) or with the acetoxy-derivative 
of 4-chloro-9-benzylanthracene (XVII) (Found: C, 76-4; H, 4*8. 
C23H1ACI requires 0,76-6; H, 4-7%). 

(6) A solution of the colourless hydroxy-compound (XV ; X == 
OH) (0-5 g.) in acetic acid (2 c.c.) and acetic anhydride (2 c.c.) was 
boiled for an hour, cooled, and diluted with alcohol. The yellow 
crystalline product melted at 157 — 158° alone or mixed with a 
sample of the acetoxy-compound prepared as described under {a}. 

This acetoxy-compound appeared to be readily hydrolysed by 
alcoholic potassium hydroxide, but the resulting hydroxy-com- 
pound could not be obtained crystalline on account of its excessive 
solubility. 


Derivatives of 4:~C}ilaro-Q’‘benzyJantJiracene, 

4:-CMoro-^‘benzylanthrace7ie-ci-py7idinium Bromide (XVII ; X = 
CsHgNBr). — solution of the eo-bromo-compound (X\TII) in 
pyridine was heated on the water-bath for a few minutes and 
cooled and the solid in suspension was coUected, washed with 
pyridine and with ether, dried, and reerystallised from alcohol- 
ether. The saU formed a yellowish crystalline powder, m. p. 220 — 
226° (decomp.) after sintering and darkening at 215° (Found : 
Cl + Br, 25-2. Cg^Hi^NGIBr requires Cl + Br, 25-1%). 

4-(7Atoro-o>-%dro£cy-9-6e»2;^feniAyfl5ce7ie (XVII; X = OH). — {a) 
The co-bromo-compound (XVIII) was hydrolysed by heating with 
aqueous acetone in the presence of calcium carbonate in the same 
way as the isomeric l-chloro-compound (p. 2807). The hydroxy- 
compound, thrice reerystallised from benzene-light petroleum, 
formed a yellowish crystaUine powder, m. p. 98 — 100° (Found : 
C, 79-5; H, 6-1. C21H15OCI requires C, 79-1; H, 4-7%). 

(&) A solution of the «-bromo-compound (XVIII; 3 g.) and 
sodium acetate (3 g.) in glacial acetic acid (25 c.c.) was boiled for 
i- hour, and the cooled solution poured into water. The precipitated 
acetate, which could not be obtained crystalline, was hydrolysed 
with potassium hydroxide (5 g.) in alcoholic solution at the ordinary 
temperature. The product, twice reerystallised from benzene-: 
light petroleum, melted at 98 — 100° alone or mixed with the 
hydroxy-compound prepared as described under (a). This second, 
method of preparation suggests that the hydroxy-compound^^ 
the co-hydroxy-compound, a hypothesis which is supported 
fluorescence and yellow colour of the substance and also 
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fact that it gave no red colour vath boiling alcoholic potassium 
hydroxide solution (compare p. 2807). Methylation with methyl- 
alcoholic hydrochloric acid yielded the methoxy-compoimd 
described below. 

i-CMoro-m-acetoxy-9-benzylanthraeene (XVII; X = O’COMe). — 
The hydroxy-compound described in the preceding pari^aph was 
acetylated in the usual manner with pyridine-^icetic anhydride at 
100 ®, and after reorystallisation from benzene-light petroleum and 
from methyl alcohol the product formed pale yellow nodules, 
m. p. 129 — 130® (Found : C, 76*5 ; H, 4-8. CosHi^OoCl requires 
C, 76-6; H, 4-7%). 

i-CMcro-co-methxcy-Q-benzi/lantkracene (XVII; X = OMe). — ^The 
u-bromo-compound (XVIII; 3 g.) was heated on the water-bath 
for 1 ^ hours with methyl alcohol (100 c.e.) and calcium carbonate 
(2 g.). The product, reerystallised from methyl ethyl ketone- 
alcohol, formed pale yellow crj’stals, m. p. 144®, fluorescent in 
solution (Found : C, 79-2 ; H, 5-2. C 22 H 17 OCI requires C, 79-2 ; 
H, 5*1%). This 7 aefto*y-eompound was not changed when its 
solution in methyl alcohol containing hydrochloric or sulphuric 
acid was submitt^ to prolonged boiling. 

A solution of the methoxy-compound (2-6 g.) in carbon disulphide 
(15 c.c.) was cooled in a freezing mixture and treated with bromine 
(0-4 c.c.). The additive compound was not isolated, the carbon 
disulphide being distilled off and the residue, which had a strong 
odour of benzaldehyde, treated with a little boiling alcohol. The 
resulting solid was recrystallised from acetic acid and from methyl 
ethyl ketone-alcohol and then formed straw-coloured needles; 
these melted at 152 — 153°, alone or mixed with the monobromo- 
derivative of a-chloroanthracene prepared by Barnett and Matthews 
(Bee. tav. ehim., 1924, 43, 535), so that their compound must have 
structure (XIX) (Found : Cl Br, 39*6. Calc. : Cl + Br, 39*6%). 

4:-Chhro-tii-etiu)ay-Q-benzy1aTUhracen6 (XVII ; X = OEt). — This 
was prepared from the bromo-compound (XVIII) by treatment 
with ethyl alcohol in the presence of calcium carbonate and formed 
ydlowish nodules, m. p. 135 — 137°, from alcohol (Found : C, 79'6; 
H, 5*6. CjsHigOCl requires C, 79-7; H, 5-5%). This e/Xoa^- 
compound was fluorescent in solution and was not changed % 
heating with an alcoholic solution of hydrogen chloride. 

The Sm Joe:^ Cass Technical &isxituxe, 

London, E.C. 3. [Seceived, August 25A, 1928.] 
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CCCLXXI . — The Catalytic Production of Polynuclear 
^ Compounds. Part I. 

By George Eoger Clemo and Robert Spence. 

The chemistry of certain polynuclear compounds, some of which 
have assumed considerable commercial importance, e.gr., perylene, 
is but little known, and accordingly a study has been made in the 
first instance of certain compounds of intermediate complexity. The 
present communication deals with dinaphthylene oxides. The 
literature describes two of these compounds, one from a-naphthol 
(Merz and Weith, Ber,^ 1881, 14, 199), and the other obtained by 
Dianin (Ber., 1875, 8, 166) by dehydrating p-dinaphthol with 
phosphoric oxide. Eckstein (Ber., 1905, 38, 3660) has proved that 
compounds stated by Knecht and Unzeitig (Ber., 1880, 13, 1724) 
and by Walder (Ber., 1882, 15, 2166) to be isomeric with Dianin's 
compound are reaUy identical with it. Further, Merz and Weith 
(toe. cit.) and Niederhausern (Ber., 1882, 15, 1122) claim to have 
produced from P-naphthol a specially pure form of Dianin's oxide, 
but it has now been found that, although the yield of this compound 
thus obtained is less than 5% of the theoretical, it is really isomeric 
with Dianin’s compound (see p. 2812). 

P-Dinaphthol (I) is easily obtained by oxidising p-naphthol with 
ferric chloride (Dianin, J. Rmss. Phys, Chem. Soc,, 1874, 6, 187), and 
the presence of the 1 : 1'-dinaphthyl linking in it was inferred by 
Julius (Ber., 1886, 19, 2549) from the fact that when it was distilled 
with zinc dust 1 : 1'-dinaphthyl appeared to be formed. Schoepfle, 
however (J. Amer, Ckem. Boc., 1923, 45, 1666), has shown that a 
dinaphthylene oxide and not 1 ; I'-dinaphthyl results from this 
reaction. 

Hodgkinson and Limpach (J., 1891, 59, 1100) distilled sodium 
2-naphthol-6-sulphonate and, obtaining a mixture of ^-naphthol, a 
dinaphthyl ether, and a dinaphthylene oxide, suggested that 
p-dinaphthol might have the constitution '(II) ; whereas Pozzi 
Escot (Compt. reTid., 1904, 138, 1618), from the fact that azo- 
derivatives of p-dinaphthol could be prepared, considered that the 
compound had the formula (HI}, It has been found, however, that 

(09“=) «X>h) (COh; 

(I-) (n.) (in.) . . J| 

^•dinaphthol, together mth a dinaphthylene osdde and 
thylene dioxide (VII), is formed when l-bromo-2 - 1 1 
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treated with copper powder, a result which indicates that (I) is its 
correct formula. 

The dmaphthylene dioxide mentioned above has be^n prepared 
recently by Piimmerer, Prell, and Rieche (Rer., 1926, 59, 2159) bj" 
heating the copper salt of p-dinaphthol at 280°, and in all prob- 
ability it has the constitution (VII). The oxide produced by the 
dehydration of ^-dinaphthol, therefore, will be 1 : 1'-dinaphthylene 
2 : 2'-oxide (V), a conclusion borne out by its conversion into 
furoperylene (VI) by treatment with aluminium chloride (Weitzen- 
bock, Seer, and von Bartsch, Ber., 1913, 46, 1994). 



(W.) (V.) (YI.) (VU.) 


It has now been found that (I) can be converted into (V) by the 
agency of catalysts such as vanadium pentoxide, and further, that 
when p-naphthol itself is heated in an open-necked flask at 300° with 
the trioxide of either tungsten or molybdenum it is converted into 
the ether (IV); whereas if vanadium pentoxide be used, then, 
instead of (IV), p-dinaphthol is formed at 300°, and is converted into 
1 : l^-dinaphthylene 2 : 2'-oxide at 340°. If, however, in the latter 
experiment air is excluded from the flask, by fitting it with a long air 
condenser, or by the passage of a stream of carbon dioxide, then 
(IV) only is formed. In the above production of (V) from p-naph- 
thol, therefore, the first reaction is the fairly rapid catalytic air- 
oxidation to (I) , and is followed by catalytic dehydration to { V) . All 
attempts to effect the cataljrtic air-oxidation of (IV) to (V) have 
failed. The action of titanium dioxide is intermediate between 
those of tungsten or molybdenum oxide and vanadium pentoxide, 
in that it gives a mixture of (IV) and (V) containing a considerable 
proportion of the former. 

By the action of other catalysts, such as the alkaline-earth oxides, 
on p-naphthol an oxide isomeric with (V) is easily formed in quantity. 
This compound, hereinafter called the isooxide, is identical with that 
obtained in very small yield by Merz and Weith (loc, cit.). In this 
catalytic reaction a second compound, m. p. 300°, is formed, which 
corresponds to a compound mentioned by Niederhausem (Zoc. ciL), 
but insufficient has been obtained for investigation. The properties 
of the wooxide point to its being a structural isomeride of (V) having 
the constitution (VIII) or (IX). and hence its formation appears to 
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involve unusual reactivity of hydrogen in the ^'-position in a mono- 
P-substituted naphthalene. The formation of 2-hydroxy-3-naph- 



(VIII.) (IX.) (X.) 


thoic acid from sodium p-naphthoxide is the one weU-established case 
of such p'-reactivity, and indicates that calcium p-naphthoxide also 
might be reactive in this position. 

Both (V) and the isooxide are stable to almost red-hot zinc dust 
and are scarcely acted on by fused potassium hydroxide . Keductioii 
mth hydriodio acid gives hydrogenated naphthalenes, and oxidation 
with sulphuric acid gives phthalic acid, in both cases. Chromic acid 
oxidation, however, destroys (V) but converts the isooxide into a 
qiimone, which does not condense with o-phenylenediamine and is 
therefore presumably of the para-type. Such marked difference in 
behaviour on oxidation suggests that the isooxide is (IX) and not 
(VIII), for the latter would be expected to give a diquinone if a 
quinonoid compound were formed. The quinone is therefore 
probably (X). 

When the quinone is distilled with zinc dust the isooxide is 
regenerated, and on reduction with zinc and acetic anhydride it 
gives an 0~diacetyl derivative which still contains the ether linking. 
The great stability of the f uran ring of the isooxide towards alkalis 
no longer persists in the quinone, however, for when this is treated 
with alcoholic sodium hydroxide the ring is easily opened to give a 
dihydrozydiriaphthaquiTione, This compound undergoes a remark- 
able change on heating : water is lost, but instead of the original 
p-quinone being regenerated an isomeric compound is produced. 
This forms red needles and condenses easily with o-phenylenediamine 
to give a substituted pJienazine. It is therefore presumably an 
o-quinone. This transformation is explicable with formula (IX) for 
the i^ooxide but not with (VIII) : when the furan ring of the 
quinone (X) is opened, rotation of the top portion of the molecule 
seems to occur to give (XI), as evidenced by the formation, on 
treatment with acetic anhydride, of a yellow O-diacetyl qmngM 
derivative. If rotation had not taken place, it would be 
that (X) would be re-formed under these conditions^ 
duction of the o-quinone (XIV) from (XI), with the 
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seems to necessitate the prior formation of (XIII) . If this be granted, 
the reaction appears to involve one or other of two contentious 
mechanisms, either the migration of a hydrogen atom from one 
oxygen atom to another in the meta-position with respect to the jBrst, 
or the migration of the hydrogen in the first instance to an ortho- 
oxygen atom with temporary formation of the m-quinone (XII), 
followed by a para-migration to give (XIII). 


HO 0^ /~X 



Whilst the above work was progressing an attempt was made to 
synthesise the syrmmetrical 2 : 2'-dinaphthylene 3 : 3'-oxide (VIII). 
The aim of the first series of experiments was to produce the 2 : 2'-di- 
naphthyl linking and then to introduce the oxygen bridge. 2-Chloro- 
3-naphthoio acid was treated with copper powder as in the XJUmann 
reaction (Xlllmann and Bieleeki, jBer., 1901, 34, 2184), but only 
P-naphthoic acid resulted ; when ethyl 2-chloro-3-naphthoate was 
used, the chlorine atom was found to be stable to copper-bronze in 
boiling nitrobenzene. A similar treatment of either 3’bromo- 

2- metkoxynaphtkalene or its iodo-analogue gave only p-methoxy- 
naphthalene, and 3-bromo-^-naphthol gave p-naphthoL These 
2 : 3-disubstituted naphthalenes were prepared by applying the 
Hofmann reaction to 2-methoxy-3-naphthoamide. (Eries, JSer., 
1925, 58, 2845, was unable to apply this reaction to 2-hydroxy- 

3- naphthoamide, as it gave l-bromo-2-hydroxy-3-naphthoamide 
instead of the ammo-compound.) The second series of experiments 
aimed at the prior formation of the oxide linking and the subsequent 
infeoduction of the dinaphthyl link. The action of tungsten tri- 
oxide and of vanadium pentoxide (see p. 2819) on 2-hydroxy-3-naph- 
thoic acid and its ester was investigated with a view to preparing 
the dinaphthyl ether dicarboxylic acid. Then the Hofmann reaction 
on the di-amide, followed by diazotisation of the diamino-ether 
and treatment with ammoniacal copper sulphate (Carpmael, E.P. 
278100, 1926), should give the oxide (VIII). Under all the con- 
ditions tried, however, the condensation could not he stopped at the 
ether stage, but easily gave Strohbach’s dinaphthaxanthone (XV) 
(Scf., 1901,34,4144). 

The action of catalysts on a-naphthol has also been investigated. 
Vanadium pentoxide converts it into the a-dinaphthylene oxide of 
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Merz and Weith (Zoc. ciL). The constitution of this compound 
follows from its preparation by the dehydration of a-dinaphthol. 
There was no direct evidence for the constitution of the latter 
compound until Willstatter and Schuler {Ber,, 1928, 61, 362) showed 
that it is in all probability 1 : 1 '-dihydroxy-2 : 2 '-dinaphthyl (XVI). 



(XV.) 



Hence a-dinaphthylene oxide would appear to have the constitution 
(XVII). The same oxide results when a-naphthol is treated with 
calcium oxide, since, failing a Klaufler type of oxide as the result of 
a 4 : 4'-dinaphthyl linking, a-naphthol would be expected to form 
only one dinaphthylene oxide. 


Experimental. 

^-DimphtJiol (I). — l-Bromo- 2 -naphthol (22 g.), copper bronze 
(7*5 g.), and iodine ( 0*5 g.) were heated for 3 hours at 280°. The 
product was extracted with alkali, the filtered solution acidified with 
hydrochloric acid, and the precipitate collected and freed from 
p-naphthol by extraction with boiling water. The residue, crystal- 
lised from aqueous alcohol and from glacial acetic acid, gave needles, 
m. p. 216°, not depressed by admixture with a specimen of P-dinaph- 
thol made by oxidising p-naphthol with ferric chloride (Found : 
0, 83*5; H, 5*1. Calc, for C 20 H 14 O 2 : 0, 83-9; H, 4*9%). From 
the alkali-insduble material, boiling acetic acid extracted 1 : 1 '-di- 
naphthylene 2 : 2 '-oxide, which separated, on cooling, in needles, 
m. p. 156° (see below). The residue was crystallised from toluene 
and gave yellow needles (0*5 g.) of 1 : 1 '-dinaphthylene 2 : 8 ' : 2' : 8 - 
dioxide (VII), m. p. 236° (Found; C, 84*5; H, 3*5. Calc, for 
^ 2 o®-io ^2 ’ 85*1 ; H, 3*5%). 

CcUaiytic Dehydration of ^-Dinaphthol* 1 : V-DinapMhyUne 2 ; 2 '- 
Oxide (V). — p-Dinaphthol (25 g.) and vanadium pentoxide (1 g.) were 
gently boiled in a round-bottomed flask for 7 hours. When the 
product, which contained no alkali-soluble material, was vacuum- 
distiUed, only almost pure 1 : 1 '-dinaphthylene 2 : 2 '-oxide (12 g.) 
passed over. This crystallised from benzene m pale yellow needles, 
m. p. 156° (Found : 0, 89-5 ; H, 4*8. Calc, for : C, 89*6; 

H, 4*5%). The oxide gives a purple colour ha concentrated sulphuric 
acid, changing to red and then to dark brown on warming. 
picrate has m. p. 164°, 

Action of Catalysts on ^-NapMhoL — (a) Di-^-naph^yl slhMli BH i 
P-Xaphthol (20 g.) and tungsten trioxide ( 0*5 g,) were 
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round-bottomed, long-necked flask (250 c.c.), first at 270° and then 
slowly to 300° as the ^-naphthol reacted. After heating for 2 hours, 
the melt was poured into an excess of boiling caustic soda solution. 
On cooling, the solid residue was collected (recovered P-naphthol, 
3‘3 g.), dried (14 g.), and vacuum-distilled. The total distillate 
(12*5 g.) was crystallised from ligroin and gave colourless plates, 
m. p. 105°. 

(b) ^-Dmaphtliol ^-Naphthol (20 g.) and vanadium pentoxide 
(0*5 g.) were heated as in (a), for 6 hours, at 300°. The product was 
extracted with boiling sodium hydroxide solution, in which it was 
almost completely soluble, and the hot filtered solution was treated 
vdth excess of hydrochloric acid. After cooling, the precipitate W’as 
collected and extracted with boiling water to remove unchanged 
3-naphthol. The residual 3-dinaphthol (8 g.), after crystallising 
from glacial acetic acid, had m. p. 216°. 

(c) 1 : V‘Dimphtkylene 2 : 'V -oxide (V). ^-Naphthol (100 g.) and 
vanadium pentoxide (1 g.) were heated in a flask for 5 hours, the 
temperature rising slowly from 270° to 340°. The product was 
extracted with alkali, and ^-naphthol (4 g.) and crude P-dinaphthol 
(13 g.) were obtained from the extract. The dark alkali-insoluble 
residue was dried (50 g.) and distilled, giving 43 g. of a pale yellow 
solid which, when crystallised from benzene-alcohol to free it from a 
little di-p-naphthyl ether, gave 1 : 1'-dinaphthylene 2 : 2'-oxide 
(30 g.), m. p. 156°. 

(d) iStoDiriaphthyUne oxide (IX). P-Naphthol (100 g.) and calcium 

oxide (1 g.) were heated as in (c) for 10 hours, the temperature being 
raised slowly from 270° to 340°. The product was treated with 
alkali to free it from unchanged p-naphthol, and the residue 
distilled. The distillate, a colourless solid (44 g.), was extracted 
with benzene (300 c.c.), leaving 0-5 g. of the solid of m, p. 300° (see 
p. 2812). Alcohol (300 c.c.) was added to the extract ; the colourless 
plates of the isooxide (30 g.) thus obtained, after recrystallisation 
from glacial acetic acid, mdted at 158 — 159° ; mixed m. p. with 
(V), 130 — 140° (Found : C, 89*3 ; H, 4*4. C^H 220 requires C, 89*6 ; 

H, 4*5%). The compound is easily soluble in benzene, less soluble 
in alcohol, and gives in sulphuric acid an orange-red solution, which 
chaises through scarlet, purple, and blue to light brown on warming. 

I>ihTom>imdimph^yUne Oxide . — ^When the woxide (3*6 g.), 
dissolved in carbon disulphide, was slowly treated with bromine 
(2*5 C.C.), colourless needles of the dibrmm-eovOipomxA separated 
(5*9 g.), which, after recrystaUisation from benzene and from acetic 
acid, had m. p. 193° (Found : Br, 37*4. requires 

Br, 37*6%). 

Oxidation of 1 : V-DimpMhyhne 2 : 2! -Oxide (V) and of the iso- 
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Oxide, — (a) With sulphuric acid. Concentrated sulphuric acid 
(50 c.c.) and either of the above two oxides (7 g.), with a little 
mercury and copper sulphate as catalyst, were heated together. On 
distillation, phthalic acid (1*3 g.) (anhydride, m. p. 128°) passed over. 

(b) With chromic acid, isoDimphthaquinone oxide (X). The 
ifiooxide (10 g.) was refluxed for 10 minutes with 250 c.c. of a chromic 
acid mixture (made by dissolving potassium dichromate, 60 g., in 
concentrated sulphuric acid, 80 g., and water, 270 c.c.), water was 
then added, and the solid coUeeted. It was crystallised first from 
acetic acid (solubility, 0*5%) and then from pyridine, bronze leaflets 
(4-5 g.) being obtained, m. p. 268° (Found: 0, 80-2; H, 3*5. 
C20H10O3 requires 0, 80*5; H, 3*4%). The quinone sublimes 
unchanged, and gives in sulphuric acid a bluish-green solution which 
becomes brown on heating. 

After 1 : 1'-dinaphthylene 2 : 2'-oxide has been treated with 
chromic acid as above, no solid is obtained on dilution with water. 

Reduction of the Quinone (X). Diacetoxyieodinaphthylene Oxide , — 
The quinone (5 g.) and acetic anhydride (20 c.c.) were refluxed for 
15 minutes in presence of zinc dust (5 g.) . The liquid was filtered and 
poured into water with rapid stirring. The colourless solid obtained 
crystallised from acetic acid in needles (5 g.), m. p. 245 — ^246° 
(Found : C, 75*0; H, 4*0. requires 0, 75*0; H, 4*2%). 

Hydrolysis of the Quinone, — ^The quinone (4 g.) was refluxed with 
alcoholic sodium hydroxide (1 L of 0*5% solution) for 10 hours and 
the solution was then concentrated to small bulk, diluted with water, 
and filtered. The filtrate, treated with an excess of hydrochloric 
acid, gave a reddish-brown precipitate, which was washed with water 
and dried in a vacuum desiccator (3*8 g.). It crystallised from chloro- 
form in light red prisms with solvent of crystallisation, which was 
driven ofl by heating on the water-bath ; m, p. 222° (Found : 
C, 76*0; H, 3*5. 02(^12^4 requires C, 75*9; H, 3*8%). Dihydr- 
oxydinaphihaquinone crystallises from benzene in needles, with 


benzene of crystallisation, and from acetic acid in rhombohedra. 

lyiacetoxydbmphthaquinone, — ^Dihydroxydinaphthaquinone (0*5 g.) 
was refluxed with acetic anhydride (20 c.c.) and a drop of pyridine 
for 10 minutes, and the mixture poured into water. The precipitate 
obtained was crystallised first from glacial acetic acid and then 
twice from alcohol, giving golden-yellow needles, m. p. 167° (Found : 
C, 71*7; H, 4-3. requires C, 72-0; H, 4*0%). This 

diacetyl compound gives a reddish-brown colour with concentrated 


sulphuric acid, and dissolves in hot potassium hydroxide soluric 
with a red colour, the original dihydroxydinaphthaquinone biM 
precipitated by the addition of hydrochloric acid. ' 

o-Dinaphtkaquinone Oxide (XIV). — ^The dihydroxy-quii3«>il(^^ 
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was heated at 250°, and after about 5 minutes evolution of steam 
ceased. The product crystallised from benzene in deep red needles 
(M g.), m. p. 255—256° (Found: C, 80-7; H, 34. 
requires C, 80-5; H, 34 %). The o^quinone oxide gives with sul- 
phuric acid a brown colour which turns green on warming. 

Condensation to a phenazine. The o-quinone oxide (0*3 g.) and 
o-phenylenediamine ( 0-2 g.) were refluxed in acetic acid (60 c.c.) 
for J hour. After cooling, the solid was collected; it crystallised 
from glacial acetic acid in yellow needles (0-25 g.), m. p. 240° (Found : 
N, 7-3. 026 Hi^ 0N2 requires N, 7*6%). 

Action of Gopper-bronze on ^-CMoro-Z^naphthoic Acid. — ^ 2 -(])hloro- 
3-naphthoic acid (10 g.) was dissolved in nitrobenzene (50 c.c,), 
copper-bronze (25 g.) added, and the mixture refluxed for 2 hours, 
A solution of sodium hydroxide was then added, the nitrobenzene 
removed in steam, and the residual alkaline solution filtered and 
acidified. The resulting precipitate crystallised from acetone in 
needles (4 g.), m. p. 185°, and gave an amide, m. p, 197°, and was 
therefore p-naphthoic acid. 

2- Meihoxy-Z-mphthoicAcid. — ^ 2 -Hydroxy- 3 -naphthoic acid (10 g.), 
treated with methyl sulphate and sodium hydroxide, gave 11 g. of 
2-methoxy-3-naphthoic acid. This was converted into the amide, 
m. p. 170° after crystaEising from acetone, 

2~Methoxy-Z-7mphthylaniine. — Chlorine, from potassium permang- 
anate (5-3 g.), was passed into an ice-cooled solution of sodium hydr- 
oxide (14 g.) in water (100 c.c.). The resulting hypochlorite was 
added to the finely powdered amide (15 g.) and warmed in a water- 
bath with stirring, the temperature being kept below 70° untE the 
reaction had subsided. Sodium hydroxide solution was then added, 
the mixture heated on a water-bath for an hour, the amine extracted 
with benzene, the benzene removed, and the residue distilled under 
reduced pressure. The distiUate crystallised from methyl alcohol in 
colourless plates (5 g.), m. p. 109*5° (Found: C, 76*1; H, 6 * 6 ; 
N, 84. OnHiiON requires 0, 76*3; H, 64; N, 8*1%). The 
amine forms an acetyl derivative which crystaEises from methyl 
alcohol in colourless plates, m. p. 124 — 125° (Found: C, 73*0; 
H, 6*2, C 13 H 13 O 2 N requires C, 72*6; H, 6 * 1 %). 

3- Bfomo •2-metJioxynaphtkaIene. — 2 - Methoxy - 3 - naphthylamine 
(17 g.), in a mixture of concentrated hydrochloric acid (20 c.c.) and 
water (150 c.c.), was diazotised with sodium nitrite (7 g,). A 
solution of cuprous bromide (prepared from copper sulphate, 20 g.) 
in hydrobromic acid (30 c.c.; d 1*44) was cooled in ice, and the 
diazo-solution added. After | hour, the mixture was warmed on the 
water-bath untE no more nitrogen was evolved ; the product was 
then extracted with benzene, and the extract fractionated. The 
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fraction of b. p. 178 — 190®/16 mm. (6*5 g.) was crystallisecl from 
methyl alcohol and then from ligroin (b. p. 40 — 60°), giving colourless 
plates, m. p. 76° (Found : Br, 33*2. C^iHgOBr requires Br, 33*75%). 

S-IodO‘2-metJioxynap7itJiulene. — 2-Methoxy-3-naphthylamine (5 g.) 
was diazotised as above, and an aqueous solution of potassium 
iodide (5 g.) added. The solution was stirred for J hour, heated to 
boiling, made alkaline, and extracted with benzene. The benzene 
was removed, and the residue vacuum-distilled, giving a pale yellow 
oil which solidified ; it crystallised from methyl alcohol in colourless 
prisms, m. p. 65° (Found : 1, 44*2. CjiHgOI requires I, 44*7%). 

Z-Bromo-^-naphtliol. — 3-Bromo-2-methoxynaphthalene (4*5 g.) 
was refluxed with hydrobromic acid (50 c.c. ; d 1*44) for 4 hours, and 
the mixture was then diluted with water and cooled, and the solid 
collected. This was extracted with sodium hydroxide, the filtered 
solution acidified, and Z-hromo-^-napWiol dried and distilled (2 g.). 
It crystallised from ligroin (b. p. 40 — 60°) in well-defined needles, 
m. p. 80 — 81°; mixed m. p. with 1-bromo-P-naphthol (m. p. 84°), 
45^ — ^55°. As the bromine determinations were always about 1 % low, 
the product probably contained a small amount of p-naphthol 
(Found : Br, 34*7. CioH 70 Br requires Br, 36*9%). 

The use of hydriodic acid instead of hydrobromic acid for demethyl- 
ation resulted in both 3-bromo- and 3-iodo-2-methoxynaphthalene 
being reduced to p-naphthol. 

DimpJifhaxanthone, — ^2-Hydroxy-3-naphthoic acid (6 g.) and 
tungsten trioxide (0*05 g.) or vanadium pentoxide were heated 
together for | hour, the residue was extracted with alkali, and the 
insoluble portion was dried and distilled under reduced pressure. 
The distillate (2 g.) crystallised from glacial acetic acid in long, 
yellow needles, m, p. 134 — 135° (Found : C, 85*3 ; H, 4*1. Calc, for 
C 21 H 12 O 2 : C, 85*1; H, 4*1%). Ethyl 2-hydroxy-3-naphthoate 
gave the same result. 

2 : 2''DimpMhylem 1 : V-Oxide (XVII). — a-Naphthol (20 g.) was 
heated with vanadium pentoxide (1 g.) for 4 hours, the temperature 
rising to 340°. The product was extracted with alkali, and the 
insoluble portion distilled. The distillate crystallised from benzene- 
alcohol in yellow needles, m, p. 179° (Found : C, 89*2 ; H, 4*6. 
Calc, for C 20 H 12 O : 0, 89*6 ; H, 4*5%). 

One of the authors (R. S.) wishes to thank the Department of 
Scientific and Industrial Research for a grant which has enabled 
him to take part in this investigation, 

Univeksitt or Dubham, Abmstrono Coixbqe, 

Newcastoe-upon-Tyne. [Beedvedf Augiisi 
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TEBEIY AND DIAMOND : 


CGCLXXII . — The Crystal Structure of Silver 
Suhfiuoride. 

By Heney Teerey and Hugh Diamond. 

The pecnliar valency relationships existing in snb-componnds make 
it desirable to establish conclusively the existence of these substances 
as definite chemical individuals, and for this purpose X-ray methods 
appear to 3 deld the most promising results (compare Levi, Gfazzetta, 
1924, 54, 598). Silver subfluoride, AggF, one of the most inter- 
esting and Tvell-defined of these compounds, was chosen for 
investigation in this manner, but a specimen of the substance 
prepared by Wohler’s method {Z. anorg, Chem,^ 1912, 78, 242) 
yielded unsatisfactory X-ray photographs in which the presence of 
silver lines indicated the heterogeneity of the sample. However, 
since the commencement of this work, Hettich 1927, 167, 70) 
has prepared large crystals of silver subfluoride electrolytically and 
demonstrated its chemical entity by an X-ray comparison of his 
product with silver and with the normal fluoride. Hettich’s method 
of preparation was therefore adopted by us, and our main object 
was then confined to the elucidation of the crystal structure of silver 
subfluoride as revealed by its X-ray diffraction pattern. 

Silver subfluoride crystals, prepared by electrolysing a concen- 
trated solution of silver fluoride at 60® with a low current density, 
were washed with alcohol and ether and dried in a vacuum (Found : 
total Ag, 91*5; soluble Ag, 45-1; F, 8*0. Calc.: total Ag, 91-9; 
soluble Ag, 45*95; F, 8*1%). 

A comparison photograph of silver subfluoride and sodium 
chloride was obtained by the powder method of Debye-Scherrer 
and Hull, a Shearer tube fitted with a copper anticathode being 
used as a source of X-radiation. The results of measurements 
made upon this photograph are given in Table I, the calculated 
values of dhknl"^ being based on a hexagonal lattice of side 2*989 
A.U. and height 5*710 A.U,, which was deduced from the observed 
values of the interplanar spacings by means of Hull’s plots {Physical 
Bev., 1921, 17, 649). One molecule of AggF in a cell of these 
dimensions requires a density of 8*78, whereas the experimentally 
determined value is 8*64 (Hettich gives 8*57). 

In Table II are recorded measurements made upon a plain silver 
subfluoride photograph, and the strong lines have been employed 
for calibration purposes, data from Table I being used. In this 
way it has been possible to identify the weak lines and thus obtain 
useful information for intensity considerations. 
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Table I. 


Sodium chloiide. Silver subfluoride. 
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15*575 

3*001 

15= 

38^ 

3*711 

2*857 

2*865 

0002 

2S14 

16*525 

3*001 

14*850 

3*000 

19 

5 

3*059 

2*355 
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1011 

1*990 

14*075 
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13*850 

2*999 

23 

41 

2*490 

l*917j 

r 1*918 
,1*903 

1012 

0003 

1*625 

12*925 

3*000 

12*550 

2*999 

29 

46 

2*014 

1*551 

1*633 

1013 




12*350 

2*998 

30 

59 

1-943 

1*496 

1*495 

1120 

1*407 

11*887 

2*997 









1*268 

10*975 

3*010 


which coiacides with 


1*250 

1014 




10*276 

3*007 

41 

2 

1*523 

M73j 

rM79 

LM75 

2022 

1123 

1*149 

10*050 

3*005 

8*875 

3*009 

46 

54 

1*370 

1*054-1 

r 1*045 
Ll-032 

1016 

1124 

0*938 

7*326 

3*013 

6*725 

3*011 

58 

1 

1*179 

0*908 

0*908 

1125 

0*890 

6*325 

3*010 


which coincides with 
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Table II. 
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2*594 
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14*820 
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13*850 

2*991 

23 

40 

2*491 

1*918 

1*918 

1012 

1*903 

13*810 

2*991 
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12*470 

2*987 

30 

11 

1*989 

1*531 

1*533 

1013 




12*350 

2*986 

30 

45 

1*956 

1*505 

1*495 

1120 




11*377 

2*985 

35 

24 

1*726 

1*329 

1*325 

1122 




10*965 

2*984 

37 

26 

1*646 

1*267 

1*262 

2021 

1*250 

10*830 

2*984 








1014 

1*175 

10*270 

2*989 
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9*912 

2*989 

42 

30 

1*480 

1*140 

1*144 

‘0005 




8*625 

2*989 

48 

40 

1*332 

1*025 

/ 1*045 
\ 1*032 

1015 

1124 




7-775 

2*990 

62 

45 

1*256 

0*967 

/ 0*978 
\ 0*964 

2130 

2131 

0*908 

6*675 

2*990 








1125 




6*305 

2*990 

59 

47 

M57 

0*891 

/ 0*893 
\ 0*886 

1016 

2132 


Silver subfluoride is a hard, metallic-looking substance, npst 
easily reduced to powder in a mortar. It seems probable, 
fore, that the atoms of silver and fluorine are closely pac 
the compound would appear to have a “ cadmium iodide 
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This is shown in Fig. 1, in which the large circles denote silver 
atoms and the small circles fluorine atoms. Fluorine occupies the 
position (0, 0, 0) and silver the positions (i f , pt) and (f, ji). The 
value of the parameter pL, the distance between successive planes of 
silver and fluorine atoms, may be deduced from intensity con- 
siderations, and for this purpose the relations between the inten- 
sities of the various orders of reflexion from the 0001 plane are 
valuable. It has been possible to obtain crystals with well- 
developed faces parallel to the 0001 plane and also to the 1011 
plane, and to record the various orders of reflexion from them. 
The observed intensities of the first-, second-, and third-order 


Fig. 1. 



reflexions from the 0001 
plane do not exhibit a 
normal decline : the 
second order is stronger 
than the first, and the 
third order is stronger 
than the first but 
weaker than the second. 
A weak fifth-order re- 
flexion also occurs. In 
the case of the 1011 
plane only a first-order 
reflexion is obtained. 
In Table in an esti- 
mated value of the 
intensity of reflexion is 
given for each line ob- 
served, and intensities 
calculated for several 


values of p. are also given for comparison. The lines have been 
divided into groups in which each is derived from the same t 3 ?pe 
of plane. Some of the lines are unresolved doublets, and in these 
cases it has been impossible to assign any definite observed intensity 
values to the components. The indices of co-operating planes have 
therefore been inserted after the observed intensity value. 

The expression I = jy/S^/sin^0, where N is the number of co- 
operating planes and S = 10 + 46 [e» 2 wn(A/s + 2 kiz + ifc/s + 
haa been used in the above calculations. 


The most satisfactory agreement between observed and calculated 
values occurs when = 0*3. There is, however, an obvious dis- 
crepancy in the case of the 1120 plane, but this could not be 
eliminated by a change of Apart from this inconsistency, the 
general similarity of observed and calculated intensities in each 
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Table III. 


Indices Intensity calculated for different values of 


of plane 

hillUlm 

Observed 

intensity. 

0-1. 

0*2. 

0-3. 

0*4. 

0-5. 

,0001 

7 

385 

77 

17 

217 

356 

1 0002 

10 

20 

56 

56 

20 

143 

; 0003 

9 

5 

25 

43 

9 

41 

\ 0004 



14 

5 

5 

14 

35 

i 0005 

2 (1124) 

15 

22 

15 

22 

15 

'0006 



6 

2 

2 

6 

16 

UOIO 

2 

110 

110 

110 

110 

110 

12020 

— 

11 

11 

11 

11 

11 

,1011 

9 

300 

360 

216 

0 

222 

1012 

S 

240 

0 

321 

198 

43 

1013 

3 

66 

172 

11 

150 

68 

, 1014 

7 

0 

84 

102 

138 

IS 

! 1015 

1 

32 

12 

32 

12 

32 

1016 

7 (2132) 

68 

50 

43 

12 

10 

>1120 

1 

240 

240 

240 

240 

240 

1121 



137 

28 

6 

78 

J31 

' 1122 

2 

25 

73 

73 

24 

187 

jll23 

5 (2022) 

4 

58 

99 

14 

95 

1 1124 

2 (0005) 

43 

15 

15 

43 

110 

11125 

7 

56 

87 

56 

87 

56 

12021 

1 

154 

81 

218 

218 

53 

\2022 

5 (1123) 

71 

124 

0 

90 

19 

f2130 
- 2131 

2 (2131) 

30 

30 

30 

30 

30 

2 (2130) 

51 

34 

25 

0 

13 

i2132 

7 (1016) 

51 

0 

71 

42 

9 


group is good, and it is suggested that a “ cadmium iodide ’’ struc- 
ture, with {A = app. 0*3, is fairly representative of silver suhfluoride. 

When ^ ~ 0*3, the atomic diameter of silver with respect to silver 
is about 2-8 A,U. and with respect to fluorine about 3-6 A.TJ., and 
it is significant that these values are equal to the atomic diameters 
of silver in the metallic state and in normal combination, respect- 
ively. This seems to indicate that the relation between adjacent 
silver atoms resembles that existing in the metallic state, and 
that the relation between adjacent silver and fluorine atoms is 
similar to that in normal silver fluoride. Perhaps in the formation 
of a molecule of subfluoride two silver atoms partly share their 
uncompleted rings of electrons, leaving between them in reserve 
an electron to complete the electron ring of a fluorine atom. If 
this be the case, previous hypotheses postulating the existence of 
sub-ions would appear to have some justification, and the 
metallic properties of silver subfiuoride (e.gr., electrical conductivity 
of the order of that of graphite) would find a ready explanation. 

Summary, 

Silver subfluoride has been examined by the powder method, 
and found to possess a hexagonal unit cell of dimensions a = 2-989 
A.U. and c = 5-710 A.U. The density corresponds to one molecule 
in the unit cell. Intensity considerations appear to agree with a 
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“ cadmium iodide structure with the parameter ji equal to about 
0*3. 

In conclusion, one of us (H. D.) wishes to express his grateful 
thanks to the Salters* Institute for a grant which has enabled him 
to take part in this research. 

The Sib Wiluam Ramsay Labobatoeies or Inoboanig 

AXD PbYSICAI. CHEmSTBY, 

Univebsity Coixege, Lonboe*. [Received, June 29^A, 1928.] 


NOTES. 

The Oxidation of n-Hexane. 'Ey Max Buxjnner and Eric 
Keightley Eideal. 

In a previous communication (this voL, p. 1162), it was shown that 
H-hexane-air mixtures in a closed bulb maintained at temperatmes 
well below the so-called critical inflexion temperature or temperature 
of initial combustion actually underwent reaction at appreciable 
velocities. The pressure-time curves all exhibited well-marked 
characteristics, a period of no or small pressure change followed by a 
short and final period of rapidly rising pressure. It was assumed 
that these two periods were characterised in their rates of reaction, 
it being thought that the induction ” period was a period of slow 
combustion, wliich was followed by a period of rapid combustion, 
this being initiated by a rising content of peroxide molecules. 
Further investigation on the rate of oxygen consumption, whilst 
confirming the view that the period of rapid pressure increase is 
associated with an oxidation process by means of peroxide mole- 
cules formed prior to the observed pressure increase, has shown that 
the rate of oxygen uptake during the initial period of no pressure 
change, previously called the induction period, is in reality quite 
rapid. This is made clear from a consideration of the curves 
representing the analyses, conducted as previously described, after 
various periods of time of a 42% (by volume) hexane-58% oxygen 
mixture maintained in a bulb of 57*9 c.c. capacity at 210®. It is 
evident that the rapid increase in pressure occurs when the oxygen 
has almost disappeared and is to he attributed to reactions involving 
decompositiQn or reaction of peroxide molecules. It is significant 
that the rate of oxygen uptake appears to be a zero-order reaction 
ovar a wide range of pressure. 

The results of a detailed examination of the varied compositions 
of the reaction products during this period of isopiestic combustion 
have been described by one of us (M. B., Selv. Chm, Acta, Oct., 
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1S28), but it is clear that observations on the rate of change of 
pressure or volume or on the content of substances giving peroxide 
reactions, two methods frequently adopted, are not safe criteria for 
determination of reaction velocities in the slow combustion of 
hydrocarbons. The reactions which appear to predominate in the 


Fig. 1. 



initial stages of combustion in glass vessels at low temperature may 
be summarised by the equations 

+ Og — >- (aoti^ moloxide) 

^6014 CgHiA— >2CeHi2 + 2H20 

^ 6^12 + ^ 2 — >' OgHjgOg — decomposition. 
Although, at low temperatures, surfaces appear to play an important 
part in the formation of peroxides, consideration of the great 
reaction velocity during the period of no pressure change leads us to 
suspect that the peroxides themselves cannot be the reaction centres 
for the propagation of the chemical action through the homogeneous 
bulk phase,— Tbs TJotvebsitibs of Zitrich aki> CAHBRrDOB, 
[Recmed, Avgust WK 1928.] 

Preparaiim of Gholestemne. By Wilfred ARnTrrR AT.n Sextobt. 

A MiXOTRB of pure cholesterol (20 g.) and copper bronze (15 
heated gently at 2—3 mm. pressure in a 200 c.c. Jena 
lation'flask (see Heilbron and Sexton, this vol., p. 347). 
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the sterol was molten a violent reaction commenced with evolution 
of a thick white vapour. This condensed as a white .powder in a 
second distillation flask serving as receiver ; glass wool in a U-tube 
placed between the side arm and the pump eSectually prevented the 
escape of solid particles. After a few minutes the violence of the 
reaction abated and the catalyst became caked together in a porous 
mass. The sublimate (0-2 g.) proved to be unchanged cholesterol. 
The temperature was then gradually raised until distillation com- 
menced. The distillate (280 — ^290®/3 — 4 mm.) (17 g.) was golden- 
yellow and of high viscosity. It crystallised from methyl alcohol 
at 0® in white needles (6 g.), m. p. 72 — 76®, which was raised to 80® 
by repeated crystallisation from methyl alcohol : no depression of 
m, p. occurred on heating a mixture with cholesteione prepared by 
heating the sterol with copper oxide. It gave the characteristic 
semicarbazone, m. p. 234®. By evaporation of the filtrate in a 
desiccator over calcium chloride a further crop (10 g.) of crude 
cholesteaone was obtained (total yield, 80%). — ^The Uxiversitt, 
Livebpool. [Beceived^ August 25th^ 1928.] 


The so-called £isthiohydantoii%s of FreridhSy Fdrster, and HdlUr, 
By Hesbbrt WhIiIam Stepeek and Foesyth James Wilson. 


By the interaction of hydiazodithiodicarbonamide and chloroacetic 
acid in boiling aqueous solution, Frerichs and Forster {Anncden^ 
1909, 371, 257) obtained a compound which they regarded as 
3 : 3-bisthiohydantoin (or, according to present nomenclature, 
3 : 3-bis-^-thiohydantoin) ; and m a similar manner, from a-bromo- 
propionic and -w-butyric acids Frerichs and Holier (idi?., 1913, 398, 
256) obtained compounds considered .to be substituted 3 : 3-bis- 
^-thiohydantoins (E =Me or Et) : _ „ 


2CHEBraOgH 

imx — — 9a?H 


i-CHR-6o CO-CHr5 ^ 


In a recent communication (this voL, p. 1415) we showed from the 
products of hydrolysis that the so-called 3 : 3-bis-^-thiohydantoin is 
really 2 : 4-diketotetrah3rdrothiazole-2-ketaziQe (1), and its form- 
ation would therefore be represented thus : 


NHa-CS-NH-NH-CS-IJHa 

3fH;.-C(SH)a5r-lf:C{SH)-JIHa* 


IfH NH 

^^^C0*CH2*S S-CHa-CO 


, We have now shown that the two compounds described by 
Sterichs «md HSller give on hydrolysis hy^azine hydrochloride 
together with the corresponding o-alkyl derivative of 2 ; 4-diketo- 
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teferahydrotliiazole ; and we therefore regard these compounds as 
2 : 4-diketo-5-alkyItetrahydrothiazole-2-ketazines* 

iVerichs and Holler, in noting that the alleged 3 ; 3-bis-^-thio-. 
hydantoins are more acidic than basic, remark that this is somewhat 
surprising, since ^-thiohydantoin is more basic than acidic ; but the 
acidity of these compounds is to be expected from the structures 
now assigned, since the 2 : 4-diketotetrahydrothiazoles are acidic, 

2 : prepared by the 
method of Preriohs and Holler from hydrazodithiodicarbonamide 
and a-bromopropionic acid, melted sharply at 289® and possessed 
the properties ascribed to it by these authors, who give the m. p. 
as above 280®. It was boiled for | hour with concentrated hydro- 
chloric acid, and the solution evaporated on the water-bath and 
finally in a vacuum over soda-lime and concentrated sulphuric acid. 
Extraction with hot benzene left a residue of hydrazine hydro- 
chloride (identified by conversion into benzalazine), and the extract 
on evaporation left a viscous oil which solidified after distillation 
(166 — 168°/20 mm.) ; the soKd was crystallised from benzene-light 
petroleum and then had m. p. 46 — 47®. From its properties this was 
evidently 2 : 4-diketo-5-methyltetrahydrothiazole (Wheeler and 
Barnes, Amer, GJiem, J., 1900, 24, 60; Wilson and Burns, J., 1923, 
123, 799). 

2 : ^-lHketo-5^^yUefrahydrothiazole-2~ketazine, similarly pre- 
pared^ from a-brbmo-»-butyric acid, crystallised from glacial acetic 
acid in slightly rose-coloured plates and, when freed from solvent 
of crystallisation by washing with ether, had m. p. 233® <Ererichs and 
Pdrster ^ve 225 — ^226®) pound : N, 19*6. Calc. : N, 19-6%). 
Hydrolysis as in the preceding oase 3 ?ielded hydrazine hydrochloride, 
and evaporation of the benzene extract left a colourless oil which 
solidified on cooling ; crystallisation of the solid from benzene-light 
petroleum gave prisms, m. p. 64 — ^65®, identical with 2 : 4-diketo- 
6-ethyitetrahydrothiazole (Wheeler and Barnes ; Wilson and 
Bums, loec. cU,). 

We wish to thank the Governors of this College for a Research 
Assistantship awarded to one of us (H. W- S.). — ^Thb Eoyai. 
TEcoaofficAn College, Glasgow. [Beceived, July 26th, 1928.] 


The EnoliscUion of Stmo^hthcdic Anhydrides. By Thomas Stbvehs 
Stevens and James Leggat Wilson. , . 


4 : S-MeOifyhTiedioxyhmopMkalic anhydride (enolic form aa 
XX =: CBigOs) ^^7 resembles the unsubstituted homoph|} 
anhydride in forming yellow alkali salts (compare 
5 a 
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Ber.) 1914, 47, 14^), but is itself deep yellow in the solid state, 
unlike homophthalie anhydride on the one hand and methylene- 
dioxyhomophthalic acid on the other. A general investigation of the 
behaviour of analogous substances was pkuned, but as a paper 
bearing on this subject has recently appeared (Davies and Poole, 
tiiis vol., p. 1616), it was deemed advisable to publish the results so 
far obtained. 



4 : 5-Methylenediosyhomophthalic anhydride is obtained by 
boiling the parent acid with excess of acetyl chloride for several 
hours, until the original white powder has been replaced by yellow 
crystals. It separates from benzene in ydlow needles, m. p. 178 — 
180° [Found : equiv. in ice-cold acetone, 199*8; in boiling water, 
102*1. CiqHjOj requires equiv. 206 (monobasic), 103 (dibasic)]^ 
The anhydride is not readily affected by bromine, but gives a darir 
brown precipitate with ferric chloride under the conditions specified 
by Davies and Poole {he. cit.) for homophthalie anhydride. 

Preliminary experiments on the methylation of homophthahe 
anhydride led to no definite result. An estimation by Hieber’s 
method (Ber., 1921, 54, 902) indicated a small percentage of enol, 
but no great reliance is to be placed on the observation, as the 
formation of a stable chelate ring-system (on which the whole 
method presumably depends) is improbable in the present case. 
On the other hand, Dieckmann’s general criticism {Ber., 1921, 54, 
2251) o£ the Hieber reaction may not apply here, as the anhydride 
is a well-defined acid. 

When the calculated amount of aqueous permanganate was added 
to an ice-cold alkaline solution of homophthalie anhydride, 
j^thsdideoarbosylic. acid (ZZ, X = H), m. p. 151°, was produced, 
.uhich. gave jhthalide, m. p. 73°, on heating. Methylenedioxy- 
homoihriulic ajihydride similarly yielded methylenedioxyphthalide- 
caarbosylio add, m. p. 213 — ^215° (decomp.) (Biuhemann, J., 1912, 
iOi, 783, ^ves 216° decomp.), and methylenedioxyphthalide, m. p. 

jp..,’188 — ^189° (Stevmis and Eobertson, J., 1927, 
2790 }.— -Teb HxfvxBSisx, S-EASGoWi. [jiwejosd, SeptemJber 21st, 
{928.J ,, , 
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Preparation of 4L-BrormpMh(dic Acid. By Leslie Charles Baker. 

Phthalig anhydride was converted into ethyl 4-nitrophthalate by 
ililler’s method (AnnaUn^ 1881, 208, 224; compare also Cohen, 
Woodroffe, and Anderson, J., 1916, 109, 226), and this compound 
reduced to the amino-ester by Baeyer’s method (Ber,, 1877, 10, 
1079). (This reduction is best effected at 30 — 40®, since at lower 
temperatures the ester tends to solidify when liberated from its 
alcoholic solution by the addition of acid.) IVom the precipitate 
obtained by neutralising the solution with sodium carbonate, after 
drying, hot absolute alcohol extracted ethyl 4-aminophthalate in 
71% yield. This ester (12 g.) was diazotised at 0® (concentrated 
hydrochloric acid 36 c.c., water 95 o.c. ; sodium nitrite 8 g-), and 
the resulting mixture poured into an ice-cold solution of cuprous 
bromide (8 g.) in hydrobromic acid (20 c.c.); after ^ hour, the 
whole was boiled. An ethereal extract of the cold solution, after 
being washed with dilute acid, sodium carbonate, and water and 
dried, yielded 10 g. of ethyl 4-bromophthalate (66%) as a pale 
yellow oil, b. p. 194 — 195®/16 mm. Von Braun (Ber., 1923, 56, 
2332) gives the b. p. as 190 — 191®/16 mm. 

A mixture of ethyl 4-bromophthalate (7 g.) and baryta (9 g.) in 
water (140 c.c.) and alcohol (100 o.c.) was heated for 2 — ^3 hours 
with shaking, the solution was then acidified with concentrated 
hydrochloric acid, and the alcohol boiled off. Hot iV^-sulphuric 
acid (66 c.c.) TVas added slowly with stirring, the precipitated 
barium sulphate removed when cold, and the filtrate concentrated; 
4-bromophthalic acid (6 g. ; 88% 3deld) then separated, m. p. 173 — 
176® after recrystallisation from water. — ^UiSfiVBRSiTT College, 
London. [Beceived, Odober lai, 1928.] 


GCGLXXIII . — The Photochemical Decomposition of 

GlyoxaL 

By Konald G. W. Uobrish and John G. A. Griffiths. 

GliYOXAL in its monomeric form is a volatile yellow liquid (b. p. 50®) 
and constitutes the simplest of organic coloured compounds. It 
has been found possible to ke^ the dry gas in a tube for several 
hours without rapid polymerisation. Its photochemistry does not 
appear to have been studied, although its absorption spectrum in 
the gaseous state has been measured by Purvis and Mcdelandi^. 
1912, 101, 1810) and by Lnthy (Z. pJiysikal. CMm., 1923, JiM 
302). The last author found a very large number of 
absorption bands stretching from the blue at 4548 A'.!;, to 
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violet at ca. 3000 A.U., but measurement of fine structure became 
difficult after X 3400 A.U. on account of the weakness of absorption. 
The results of Purvis and McCJleland are in general agreement with 
these observations. The strongest absorption occurs in the blue- 
violet region for a group of bands lying between 4654 and 4123 
A.U., those lying beyond this region being much weaker and only 
measurable at higher pressures. 

It was therefore considered of interest to investigate the photo- 
chemistry of glyoxal vapour, especially as the results might eventually 
be expected to be of importance biochemically, as, for instance, in 
connexion with the problem of photosynthesis* 

Expeeimektal. 

(A1 The. Photochemical Decomj^sition. 

The photochemical experiments were carried out in the all-glass 
apparatus shown in Fig, 1. The monomeric glyoxal was prepared 

as required by heating a 
mixture of solid (poly- 
meric) glyoxal and phos- 
phoric oxide in the bulb 
Jf , after the method of 
Harries andTemme (Ser., 
1907, 40, 165). The re- 
action gives rise to a 
mixture of carbon monox- 
ide, carbon dioxide, and 
glyoxal vapour, and the 
last two were separated from the first by condensation in the 
liquid-air trap, if. When sufficient glyoxal had been prepared, the 
preparation bulb was sealed ofi at P, and the carbon monoxide 
pumped away from the trap by a Toepler pump via tap Tg. The 
trap was next surrounded by a freezing mixture of ice and hydro- 
chloric acid at — 25°, a temperature at which practically aU the 
glyoxal was retained whilst the carbon dioxide could be pumped 
away. The glyoxal was stored in the trap surrounded by liquid 
air, and could be kept thus for at least a day without much poly- 
merisation. 

The reaction chamber consisted of a glass, water-jacketed vessel, 
A, of 75 c.c. capacity, connected with the rest of the apparatus by 
the ground-glass joint, G, and kept at 25° by means of water 
pumped from an electrically regulated thermostat. 

After complete evacuation of the apparatus, the glyoxal in the 
trap was allowed to attain room temperature, and the reaction 
chamber was filled to the desired pressure via taps T^ and 


Tig. 1* 
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pressures being measured on the mercury manometer, JB. The 
vapour was then exposed to the action of light, and readings of the 
manometer were taken at short intervals of time. 

In a preliminary experiment the unfiltered light from a 1000-c. p. 
filament lamp was used. The pressure in the reaction vessel 
decreased rapidly at first, and this rate of decrease diminished 
progressively with time. 

The unfiltered light from a 3000-c. p. mercury-vapour lamp was 
used in all subsequent experiments, and in view of the fact that 
glass apparatus was employed, the light from the lamp in the 
regions 436, 405, and 365 iija actually reached and was partly 
absorbed by the glyoxal. With this lamp the rate of decrease of 
pressure was greater than with the filament lamp, and the change 



50 100 160 200 250 

Tim^ {tmnvies). 


was nearly complete in 20 mins., but, although the pressure tended 
asymptotically to approximately half the initial value, even after 
4 hours^ iQumination it did not quite reach this value. The filament 
lamp gave similar results. Typical curves are shown in Pig. 2. 

The fall of pressure in the first half-minute was always less than 
in the succeeding half-minute, a fact which is probably due to a 
slight heating (Draper) effect owing to the onset of photochemical 
reaction in the vapour. 

Over the major part of their courses the curves approximately 
conform to a bimoleoular law with reject to the decomposing 
glyoxal. Table I shows some typical experiments at 25°, Pt being 
the observed pressure (in mm.) after i mins, of illumination, and h 
being the bimolecular velocity coefficient calculated from th)|i 
equation h = [{Pp — P/)/(P, — JPo)]. 

During the reaction the green colour of the glyoxal 
faded and could not be detected after about 1 hour, while 
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Table I. 


t. 


lOs.ifc, 

P|. 

105.1:, 

P.. 

105.1'. 

P*. 

105.jfc. 

P*. 

105.3 

0 

53-5 

.... 

72-5 


105 


126-2 

— 

132-7 

— 

2 

50-5 

118 

66-3 

145 

93-9 

126 

lll-O 

127 

116-6 

122 

4 

47-6 

140 

61-5 

152 

84-6 

150 

101-2 

130 

105-7 

129 

6 

44-7 

155 

57-4 

165 

79-0 

155 

94-8 

131 

97-7 

140 

8 

43*0 

155 

54-8 

166 

74*9 

159 

89-2 

140 

92-5 

145 

10 

41-5 

154 

52-8 

165 

72-3 

157 

85-8 

141 

89-1 

144 

12 

40-2 

155 

51-5 

159 

70-4 

153 

83-4 

139 

86-2 

147 

15 



50-0 

151 

68-2 

148 

81-0 

133 

$3-3 

146 

20 



48-7 

333 

66-0 

137 

78-4 

124 

80-8 

135 


white soM appeared chiefly on the lower surface of the reaction 
vessel. 

The residual gas at the end of the reaction was pumped out and 
analysed as described below; subsequent illumination of the 
residual solid failed to produce any further gaseous 
products. 

In view of the fact that glyoxal vapour 
polymerises slowly (Harries and Temme, he. cit. : 
Harries, Bar., 1913, 46, 294), a blank run was 
carried out in which the vapour was not illumin- 
ated, The rate of decrease of pressure was small 
compared with that observed when the vapour 
was illuminated, as is seen from the ^‘dark^* 
curve shown in Fig. 2. 

Anali/sis of Gdseous Products . — ^The analysis of 
three samples of gas collected at the ends of the 
several runs gave quite concordant results (Table 
n), and was carried out in an apparatus (Fig. 3) 
adapted from that used by Dr. M. Brunner (private 
communication), to whom we wish to express tmx 
thanks. 

The bulb, A, could be filled with mercury from the beaker, H, 
by connecting the wide-mouthed tube, F, to a filter pump and 
opening taps a and 6. The gas was passed from the burette, JD, 
to the bulb, A^ where it was subjected to the action of the requisite 
reagent, which had been previously introduced into ^4 by a pipette 
with a bent Jet. Water introduced from F was used for washing 
the gas before the volume was finally measured in D. The form 
of the bent T-piece, P, prevented any gas bubbles from collecting 
at this Joint. 

Table U. 


Gas. 

I. 

n. 

m. 

CO 

97-0% 

97-0% 

96-3% 




2-5 

2-5 

Uusaiiiraied campounds 

0-3 

0-4 

0-9 

Total 

100-0 

99-9 

99-9 


Fig. 3. 
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It appears from these results that under illumination from the 
mercury-yapOTir lamp, through glass, glyoxal decomposes in the 
main according to a bimolecular reaction, two volumes reacting to 
give one volume of carbon monoxide and a solid product. We may 
therefore write the empirical equation 

2C2H0O2 = CO + C3H4O3 .... (1) 

The fact that hydrogen is also found to a small extent in the 
decomposition products suggests the reaction 

C 3 H 302 = H2 + 2C0 .... (2) 

and the relative quantities of carbon monoxide and hydrogen in 
Table 11 show that about 98-5% of the decomposition may be 
represented by reaction (1) and 1-5% by reaction (2). The occur- 
rence of reaction (2) would further account for the fact that the 
exact ratio of 2 : 1 for the initial to final pressures was never quite 
reached. 

Although these equations satisfactorily represent the observed 
course of the reaction, it seemed possible, as an alternative, that 
glyoxal might exist as an equilibrium mixture of whole and half 
molecules CgHgOa and -CHO (compare and ITO 2 ), and if this 
equilibrium were largely in favour of dissociation the facts might 
be represented by the equation 

20HO =:= C50 + CSS^O — [polymerised product] . (3) 

This view was tested by a determination of the vapour density of 
glyoxal. By weighing a dry bulb of known volume first full of air, 
and then full of glyoxal vapour at a known temperature and pressure, 
the molecular weight was found to be 58-7, corre^nding closely 
to the formula CgHgOg (Calc. : Jlf, 58-0), and therefore renders in- 
admissible any explanation of the facts based on thermal dissociation 
of the glyoxal. 

(B) The Nature of the Solid Prodmt. 

The white solid produced in the reaction vessel was difficult to 
separate, since it adhered strongly as a glassy skm to the surface. 
It was slowly but extremely soluble in water, and easily soluble m 
alcohol, producing unoiystallisable solutions. It was slightly 
soluble in ether and acetone and insoluble in benzene. On heating, 
it decomposed without meltmg at 200^, It was somewhat hygro- 
scopic, and always acquired moisture during attempts to scrape it 
from the surface of the vessel, in the earlier work it was theref«S 
extracted by absolute alcohol, the solvent being subseque®i|^ 
removed as completely as possible by distillation first under 
pressure at 30° and finally at 60° under a high vacuum. 
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It was found, however, that the weight of solid extracted in this 
way was always somewhat greater than that to be expected from 
equation (1) and the known quantities of glyoxal reacting, and it 
seemed probable that some combination had occurred between the 
original solid and the alcohol, a conclusion which received further 
confirmation from the analytical data below. Moreover, the 
alcoholic extract was much more hygroscopic than the original 
white solid. 

In later work, the white solid was removed from the reaction 
vessel by cutting the latter into sections and scraping vigorously 
with a ^arp knife. The ^stance so obtained was then dried to a 
constant weight at 75®/l X 10“^ mm., whereby it lost 3*1% of its 
weight during 2 days JFound, for dried material : C, 40*5 ; H, 4-3. 
O3H4O3 requires C, 40*9 : H, 4*6%). 

The substance extracted by alcohol was analysed by three separate 
micro-estimations, two of which were kindly carried out for us by 
Professor Haworth, P.R.S. (Pound : G, 42*8, 42*6, 42*4 ; H, 5*7, 5*6, 
5*5. C11H13O10 requires C, 42-6 ; H, 5*8%), and it therefore seems 
clear that the composition of the product is changed by reaction 
with alcohol during the process of extraction. 

Molecular Weight . — The molecular weight of the solid in aqueous 
solution was determined by the Beckmann freezing-point method. 
On account of the small amount of material available it was necessary 
to work with solutions of about 0-05 g. of solid in 7 g. of water. 
Control experiments on similar quantities of purified glucose 
(CgHigOgjHaO) or sucrose and water constantly gave results for the 
molecular weights within 8% of the theoretical. Three series of 
determinations with the solid scraped from the reaction tube gave 
332, 365, and 342 for the initial value of the molecular weight. 
This value decreased progressively with time until, in the latter 
two cases, final constant values of 90-8 ± 5 and 89-5 ± 5 were 
obtained. The following figures indicate the results of a typical 
experiment, the temperature being raised to 16° between each 
determination : 

Wt. of solid, 0*0424 g. ; wt. of water, 6*59 g. 


Age of solation 

(xmns.) 30 70 100 150 220 270 00 

Mean lowering of 

f. p 0-036® 0-0525® 0-056® 0-0606® 0-069® 0-077® 0-134® 

Holecnlar weight 342 288 218 198 173 155 89-5 


Since the molecular weight of C3H4O3 is 88, it appears that the 
polymeric substance deposited in the reaction vessel changes in 
solution to give the monomeric form. In view of the slow rate of 
solution, an hour being sometimes required at room temperature. 
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it is not possible to make any certain deductions as to the molecular 
weight of the polymerised form, for considerable depolymerisation 
may have occurred before the initial readings are taken. 

Further determinations were carried out on the alcoholic extract ; 
two experiments gave mean values of 300 and 308, whence, in 
conjunction with the analytical data, we conclude OnHigOio or 
(C3H403)3,C2B[60 (Calc. : 310) to be the formula of the extracted 

solid. The molecular weight of this substance changed on standing, 
giving final values of 98 ± 5 and 102 ± 5, and attaining the final 
value more quickly if the solution was warmed to 35®. This figure 
is somewhat higher than that for the white solid itself, a result 
which suggests that the molecule of alcohol associated with the 
polymerised molecule remains attached to one of the depolymerised 
forms, so that the apparent molecular weight falls to one-third of 
its original value. 

Pseudo-acidic Character of the White Solid . — In an aqueous solu- 
tion of the solid scraped from the reaction vessel, a gradual develop- 
ment of acidity occurred, even when the solution was kept in an 
atmosphere of hydrogen. This slow change took place at the 
ordinary temperature over a period of weeks, and was later traced 
to the fact that the monomeric product exists in two forms, one of 
which is strongly acidic. The equilibrium mixture of the two 
exbihite the phenomenon of progressive neutralisation similar to 
that described by Kling {Compt rend.^ 1906, 440, 1266) for hydroxy- 
acetone, the slow development of acidity beii)^ due to the slowness 
of the change of the non-aeidio to iibe acidic form. This change 
takes place much more rapidly at higher temperatures, and com- 
plete titration of the mixture can be effected in less than an hour 
at 100®. In these experimenis, the most satisfeietory end-point 
was obtained with litmus, although fairly satisfactory results were 
also obtained with phenolphthalein. 

As an example, the following experiment may be recorded : A 
solution of 0-0258 g. of the white solid in 10 c.c. of water required 
0*9 c.c. of .3r/20-sodium hydroxide for neutralisation (litmus). On 
continued boiling, the titre increased progressively to a final value 
of 6*16 c.c. in the course of 1 hour. These figures give an initial 
equivalent of 670 and a final equivalent of 100, but slight decom- 
position had occurred at the end of the experiment. Another 
experiment, with smaller quantities and iV'/lOO-alkali, gave an 
initial equivalent of 440 and a final value of 88, whilst a third 
experiment gave 650 and 86, respectively. The first and thm^ 
experiments were made with fresh solutions ; the second, howjil^ 
was done with a solution which had stood for 13 days and 
equilibrium had probably become establkhed. 
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and 88 be taken as the most probable initial and final equivalents, 
it^would appear that at equilibrium about 20 % of the dissolved 
substance is in the acid form. 

The equivalent of the acid form was further measured by heating 
the white solid under refiuz on the water-bath with excess of sodium 
hydroxide for about 40 mins. Back titcafion with standard hydro- 
cUoric acid gave values of 94 ± 10 and 99 ± 10 for the equivalent. 
The results of these and the previous experiments are not quite 
accurate owing to the fact that the white solid is slightly decom- 
posed by continued boiling, giving a brown solution, but the values 
obtained are in sofilciently close agreement with the theoretical 
value of 88 for €^ 0403 , and with the cryoscopic value of 90. 

The evid^Qce for the tautomerism of the monomeric substance 
in solution is farther supported by an instantaneous reversible 
colour change which the solution undergoes on treatment with 
acids and alkalis. A drop of ^-sodium hydroxide produces a bright 
yellow coloration which is inmiediately discharged on neutralis- 
ation by iV^-hydrochloric add. This colour change can be repeated 
in the same q^ecimen indefinitely. In addition, bromine water 
added to the aqueous solution drop by drop is at first instantly 
decolorised, whilst farther quantities react slowly. 

The sodium salt was prepared by dissolving together equivalent 
quantities of the white solid and s^um carbonate in the smallest 
possible quantity of water. The whole was kept at 60° for 6 hours, 
the colour of the solution turning gradually from lemon-yellow to 
dark red. A drop of this red solution on dilution gave a lemon- 
yellow solution, the colour of which was discharged by acidification 
with hydrochloric acid, and it was th^ef(»re concluded that the 
development of the red colour corresponded with the progressive 
nenfraiisation of the pseudo-acid and the gradual increase in con- 
centralion of its sodium salt. When the red solution was allowed 
to evaporate slowly in a desiccator over phosphoric oxide, it 
gradually became more viscous, and jBnally dried to a red, glassy 
substance without crystallising. This product was very hygro- 
scopic, absorbing water from the air to form a red, treacly mass. 
In dilute solution it was yellow, the colour being discharged by 
acidification. 

Seimcing Ptt^perfies of the White Solid , — ^The aqueous solution, 
in addition to its action with bromine water, showed other strong 
reducing actions. It apparently converted ferric into fenx)us 
chl<xide» and reduced Benedict’s and Fehling’s solutions in the 
cold, thus difEering from glyoxal, which does not react with Fehl- 
iog’s soluticcu These reactions indicate the existence of an aldehyde 
group in the molecule, and this conclusion was confirmed by the 
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observation that the solution readily reacts with phenylhj^drazine 
(see below). The aldehyde group was estimated by the method of 
Gumming, Hopper, and Wheeler (“ Systematic Organic Chemistry,” 
1923, 479) : an excess of standard potassium bisulphite was added 
to a known quantity of the aqueous solution of the ^‘alcoholic 
extract,” and the excess titrated with iodine. Two separate deter- 
minations gave equivalents of 102 and 96 ref^ed to one aldehyde 
group, in good agreement with the theoretical value J X 310 = 103 
for the depoljnnerised form of the alcoholic extract. 

The^e results are satisfactorily explained if, by analogy with 
Kling’s formulae for hydroxyacetone, (I) and (11), we adopt the 


9H8 9^3 

90 — C-OH 

CHg-OH CH-OH 

(I; neutral.) (H; acid.) 


9HO 9HO 

90 r: f|-0H 

CH^-OH CH-OH 

(ni; neutral.) (IV; acid.) 


formulae (HI) and (IV) as representing the desmotropic forms of 
the monomeric glyoxal product. The source of the acidity is to be 
sought in the hy^oxymethylene group, of which the tendency to 
develop strongly acidic properties when in combination with two 
electronegative groups is well known. For example, hydroxy- 
acetone, hydroxymethylenecamphor, acetylacetone, acetoacetic 
and malonic esters all approach, and in some cases surpass, the 
monocarboxyUc acids in strength, and may be represented as 
derivatives of formic acid by the ^eral structure CXX'ICH-OH 
(Claisen, Annahn, 1897, 2S7; i; Ser., 1893, 26, 2731). Just as 
in the case of hydiOxyaoetone, faowevear, so in the present instance, 
the change of the neutral into the acid form is slow, so that complete 
neutralisation by alkali only takes place gradually. 

The micro-preparation of the following derivatives confirms the 
structure assigned to the decomposition product. 

Quinoxaline Derivative, — 0-04 G. of the white solid was dissolved 
in' 1 c.c. of water, kept at 40® until depolymerised, mixed with 
0-06 g. of recrystallised o-phenylenediamine dissolved in 1 c.c. of 
water, and the whole warmed to 60®. The yellow precipitate which 
formed rapidly was reciystallised from aqueons alcohol, and then 
had m. p. 165® (Found, by microanalysis : N, 16-3. CgHgONgjHgO 
requires N, 16*7%) ; it was somewhat soluble in both hot and cold 
water, and dissolved easily in dilute hydrochloric acid to give a 
brown solution from which it was reprecipitated by soda. This 
condensation may be taken as proof of the juxtaposition of 
carbonyl groups in the molecule. 

Rea(ti(m mth Phentflktfdfmine , — ^The aqueous solutiOn^^^MHH 
white solid when added to a solution of redistilled 
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in 50% acetic acid gave in the cold a bright yellow precipitate 
which, when separated and recrystallised from aqueous alcohol, 
had m. p. 161® (Pound, by microanalysis : C, 70-3 ; H, 5-9 ; N, 23-0. 
Calc, for : 0,70-8; H, 5-6; N, 23-6%). If the reaction 

was carried out on a water-bath, the yellow precipitate first obtained 
rapidly turned brownish-red, and after recrystallisation from aqueous 
alcohol melted at 132® (Found : C, 70-2;'^ H, 5-8; N, 23-0%)- It 
would appear that these two products have the same composition. 

The triphenylhydrazone of mesoxalic dialdehyde, 
]mPh-N:C{CHaf*NHPh)2, ‘ 

has been obtained by von Pechmann (Ber., 1891, 24, 3257) as a 
yellow substance, m. p. 166°, and by Harries and Turk (Ber., 1905, 
38, 1636) as a brown substance, m. p. 156® ; but in view of the 
method of preparation used by von Pechmann, it seems that 
his compound is better represented by the isomeric azo-formula 
2JHPh*NIC(CH2*N;NPh).2. It is therefore probable that our con- 
densation products consist largely of these two isomeric substances. 

As has already been seen, however, the white solid in solution 
gives an equilibrium mixture of two isomeric substances, and the 
possibility of the formation of the monophenylhydrazone of the 
oci-form, which is present to the extent of about 20%, must not be 
overlooked. The product of reaction with phenylhydrazine would 
thus contain a small quantity of the substance 
NHPh-N:CH-C(OH):CH-OH ; 

indeed, an admixture of 7% of this compound with the triphenyl- 
hydrazone would have the composition 0, 70-1 ; H, 5-6; N, 23*0%, 
which is in close agreement with the analytical figures given above. 
A partial confirmation of this view was obtained by the observation 
that a small portion of both the yellow and the red product could 
be extracted by cold sodium hydroxide to give a yellow solution. 
Acidification turned this solution cloudy and discharged its colour, 
which was regenerated by the addition of alkali. Continued 
action of caustic soda on the original phenylhydrazine derivatives 
did not extract any further material, so it appears probable that 
it is the monophenylhydrazone of the enolic form which is thus 
extracted 

The reaction with phenylhydrazine is in agreement with the 
fonnulm proposed for the white solid if we assume that the pre- 
dominant (non-aeidic) form of the latter is capable of undergoing 
an “ osazone ” oxidation to form the triphenylhydrazone in the 
cold, and that at the same time the aci-foim reacts to form a mono- 
phenylhydrazide in smaller quantity. This result is consistent 
with the fact that the rate of change of the one form of the white 
solid into the other fe very slow. 
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Reaction with Sydroxylamine, — 0*093 6. of the white solid, dis- 
solved in 0*5 c,c. of water, was mixed with 0*16 g. of hydroxylamine 
hydrochloride dissolved in 0*5 c.c. of water and warmed; the 
mixture turned brown. 0*12 6. of sodium carbonate in 1 c.c. of 
water was then added, and after the effervescence had subsided 
the solution was warmed and allowed to stand for 24 hours. Two 
extractions of the clear brown solution with ether then jielded 
0*033 g, of a white solid, m. p. 168° (decomp.) after drying under 
a high vacuum. It was soluble with difficulty in water and dilute 
hydrochloric acid, but easily soluble in soda. Its aqueous solution 
produced a dark red colour on warming with dilute cobalt acetate 
in the presence of sodium acetate, and sodium hydroxide then 
precipitated a green base, which redissolved to a dark red solution 
on acidification with hydrochloric acid. In all these respects the pro- 
duct acted like a glyoxime and it is believed that its structure corre- 
sponds to hydroxymethylglyoxime, CB[2(OH)*C(IN'OH)*CH3N‘'OH. 

(C) The Kinetics of the Change. 

The absorption spectrum of glyoxal in the blue, violet, and near 
ultra-violet shows fine structure (see p. 2830), and in accordance 
with spectroscopic theory we must conclude that no spontaneous 
dissociation of the molecule takes place as the result of light absorp- 
tion. The alternative, that a molecule of photo-activated glyoxal 
reacts with an inactive molecule, is therefore to be preferred, and 
the bimolecular nature of the reaction shows it to be conditioned 
by the probability of collision between active and inactive molecules. 
Thus, if g and g* represent the concentrations of inactive and active 
glyoxal molecules respectively, we have, at equilibrium 

ig'jdt = hjg — Ic^g* — = 0, 

where refers to activation, to reaction, and to deactivation 
of glyoxal molecules, and I represents the intensity of illumination. 
Hence jjr' = axid the rate of reaction of glyoxal is 

therefore 

— dgjdt = k^g' = kjc^g^j(k^ + k^) 

whence, if k^ is large compared with the measurable reaction will 
be approximately bimolecular. 

The final elucidation of the mechanism must await a further 
investigation of the quantum kinetics of this reaction, which is 
now being carried out* 

Summary. , , 

Glyoxal gas decomposes in the light of the mercury vapour 
probably through the agency of the blue, violet, and ultia-ai^^W 
light at 3650 A.I7. The main reaction involves a bimaii^^P^ 
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ctange, two volumes of glyoxal giving one volume of carbon mon- 
oxide and a polymerised solid product : 

2 C 2 H 2 O 2 = CO + (C 3 H 4 O 3 ) — y [polymerised product]. 

A second reaction to the extent of about 1*6% of the total change 
probably occurs with the production of hydrogen : 

2G2H2O2 = 2 CO -f- H2. 

The solid product and its derivatives have been investigated, 
and its chemical properties, composition, and molecular weight 
are in accord with its representation as a polymeride of the hitherto 
unknown glycerosone to which it is hydrolysed in aqueous and acid 
solution. 

The properties of glycerosone further suggest that in aqueous 
solution it exists in tautomeric equilibrium with an acidic hydroxy- 
methylene form (HE and IV), in analogy with other substances of 
this type. 

The kinetics of the photochemical reaction is discussed. 

We desire to express our thanks to Sir Robert Robertson, F.R.S., 
for granting facilities to one of us (J. 6 . A. G‘) for continuing the 
cryoscopic experiments at the Government Iiaboratory. pur thanks 
are also due to the Governing Body of Emmanuel CfoUege, Cambridge, 
for assistance towards the maintenance of one of us (J, G. A. G.) 
while the work was in progress. 

BspimxacBHT or Puybioaii 

CA3iBamus VmvsssESY. IBeceived^ Avgust \Zth 1928.] 


CCCLXXIV . — On Active Nitrogen, Part 71. The 
Fcrmdion of Iron Nitric in the Iron-Nkrogen 
Are. 

By Eeic Johk Baxtee Willey. 

Ik the course of an investigation upon the causes of brittleness in 
electric are welds, it was found (Willey, J. Soc. Chem. imi., 1924, 
43, 263) that when an arc is burned between poles of iron in an 
atmosphere of nitrc^en the deposit forming on the walls of the vessel 
contains iron nitride to the extent of ca, 2 %. Moreover, the elec- 
trodes absorbed nitrogen and retained it very tenaciously. ' It was 
suggested ihatthis is due to the formation of iron nitride through the 
mteractkm of active nitrogen and iron vapour or the finely divided 
metal evaporated from the dectrodes, and Dr. Rideal later pointed 
out to the anthcar that this comparatively small nitride content 
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might be greatly increased if the vapours were quickly removed 
from the high-temperature zone and chilled to prevent a subsequent 
decomposition of the nitride, which is known to be somewhat 
unstable. Fowler (J., 1901, 79, 286) found that Fe 4 N 2 begins to 
decompose into its elements at about 600°, but Noyes and Smith 
(J. Amer. Chem. Soc., 1921, 43, 475) have shown that the equili- 
brium nitrogen pressure for the same substance is about 41,000 
atmospheres at 460°, good agreement being obtained between the 
observed values and those calculated by an application of the 
Nemst heat theorem to the data of Fowler and Hartog (J., 1901, 
79, 299) upon the heat of formation of Fe 4 N 2 (3040 cals./g.-moL). 
Hagg, however {Nature^ 1928, 121, 826), has concluded from X-ray 
examinations that this “nitride^’ is not a definite compound but 
rather a solid solution of nitrogen in iron (compare Fry, Krupp^sche 
Moiiatsh., 1923, 4, 137 ; Stahl u. Eiaen, 1923, 43, 1271). The matter 
was therefore shortly investigated and EideaPs prediction verified. 

Experimental. 

Nitrogen, purified and freed from oxygen by either hot copper 
or phosphorus, was led to the quartz globe, which was provided 
with three arms each with side tubes as shown. The upper electrode. 
By was of Armco iron rod, about in diameter and screwed into 
the solid ends of the brass rod, which was bored out and fitted for 
water cooling as shown. The lower electrode, (7, passed first 
through the water-cooled gland, D (made l|riaccurate boring of 
another brass rod), provided with a mercui# seal carried on the 
electrode as shown; access of mercury vapl^ to the bulb was 
prevented by a few carefully packed fragmex^pis, of cadmium metal 
above the gland. Cooling fins on the electrode dissipated so much 
heat that the rod below D was rarely more than just warm, even 
when no water-cooling was employed on the gland. The steel float, 
E, rested on mercury in the column F, the height being adjustable 
by a levelling tube and reservoir. At 6? a quartz capillary, of l*6mm. 
bore, led to the stoppered litre beaker fi, which was loosely packed 
with glass wool and fitted with an outlet tube, J, through which the 
nitrogen was drawn to a motor-driven oil pump of large capacity. 
The capillary was adjusted in trial runs so that it was in contact 
with the particular zone of the arc from which it was desired to 
draw the vapours. The electrodes and gland were fixed in position 
with Faraday wax, as was the tinned-iron funnel, X, to which, tlie 
cooliog water flowed; the bulb itself was also cooled 
water at LI and 2/2* A manometer was also 

Starting of the arc was eflected by raising the 
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the electrodes made contact; the level was then quickly dropped. 
It may be mentioned that, as found before, the arcs did not bum 
well after about an hour or so ; this is clearly due to changes in the 
composition of the electrode tips owing to absorption of nitrogen, 
leading to a decrease in their ability to emit electrons and to give 

Fig. 1. 



iron vapour, which carries a large proportion of the current in the 
arc. 

In the experiments, the tap, N, was closed, and the pump started 
to evacuate the system to 0*5 mm., the mercury reservoir being 
lowered, after which N was opened, nitrogen admitted, and the 
flow adjusted until a rate o£ 10 litres per hour was obtained, the 



wmusy : on active nitbogen. paet vi. 


2843 


pressure being about 730 mm. The arc was then struck and allowed 
to bum until a suitable quantity of the iron-iron nitride mixture 
had collected in jff, after which the experiment was stopped. 

The deposit was then separated from the glass wool by means of 
a magnet, or in some cases the mixed wool and deposit were 
weighed, and treated with dilute sulphuric acid, and the wool was 
separated by decantation, washed until no iron remained, dried 
thoroughly and reweighed, the amount of deposit being obtained by 
difference. The iron was determined by permanganate and the 
nitrogen by a Kjeldahl method, the ammonia in the distillate being 
either titrated back with ^/60-alkali (methyl-red being used as 
indicator), or, if the samples were small, determined colorimetrically ; 
the results were calculated to iron and iron nitride. 

The amount of nitride present decreased from the metal-vapour 
zone outwards ; at the edge of the brilliantly blue inner zone of the 
arc 12 — 15% of the iron was present as nitride, Fe 4 !Nr 2 , whilst at the 
outer edge of the arc the proportion had fallen to 6 — 8%, and the 
sublimate obtained from the walls of the bulb when a gentle 
stream of gas (1 — 2 litres per hour) was maintained contained 
some 2 — 3%, as found in the previous experiments. Preliminary 
studies of the effect of power input on the yields showed that, 
whilst the distribution did not alter much, the actual quantities of 
nitride obtained from an arc of 1-5 cm. length varied roughly as the 
amperage ; the currents employed were from 3 — 10 amps, at 36 volts 
and upwards. 

JHscusswn, 

The principal interest of these results lies in then bearing on the 
experiments in which evidence was obtained that nitrogen may be 
chemically active and yet show no luminosity (s^ Part IV, J., 1927, 
2831). These have recently been largely confirmed by Kaplan and 
Cario’s observation {Nature, 1928, 121, 906) that the D lines in the 
sodium spectrum can be excited by the non-luminous active 
nitrogen, of which the existence had teen inferred by the present 
author from the ability of the gas to react with nitric oxide and 
undergo its characteristic exothermic catalytic decay at copper 
oxide surfaces even when no glow is visible. 

The arc in nitrogen is a brilliant bluish- white, with a reddish 
outer zone which may easily escape detection by reason of its 
comparative faintness. Examination of the arc light by means of a 
Hilger spectrometer showed that the bands (especially in the yellow) 
which are characteristic of the nitrogen a^rglow spectrum couli^^ 
not be detected visually ; they may have teen masked by the 
lines which are abundantly developed, but as these 
paratively few in the yellow, the afterglow bands would 
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expected to appear. It may be that the reaetioD betweea the active 
nitrogen and the iron is so rapid that the quantity of the former 
present in the free state remaiiis very low and hence cannot be seen, 
but the failure to obtain evidence of a glow would suggest either 
(1) that if the Hayleigh nitrogen be the active form it is here non- 
luminous, or (2) that, under the more intense mean-current and 
temperature conditions obtaming in the arc as compared with the 
condenser discharge, another and chemicaDy more active modi- 
fication of nitrogen such as Lowry’s (J., 1912, 101, 1162) is be^ 
produced. 

The author’s- acknowledgments are due to Br. Eideal for sug- 
gesting this investigation, to Mr. R. E. Stonebridge, who made the 
gland and float system, Bsid to his assistant, Mr. E. Southward, for 
the accompanying diagram . 

The experiments were carried out in the Laboratory of Physical 
Chemistry, Cambridge, early in 1925, and, although they had to be 
abandoned whilst still incomplete, it is hoped that they may lead 
to further investigations on reactions in the electric discharge — a 
subject which promises to be of much interest. 

93, CaoAcwBxn Boad, 

^^ORTawxca; Chesbies. {BeoBwed, Segiemher 5^ 1928*] 


GCCLXXV . — Acid and 8(dt Effete in Oaialt/sed 
Jteactiom. Part XVII. The Variation of the 
Gatcdyfic Activity of an Acid its Concemtraiion, 
and ihe Determinaiion of lomsaiion Otmsicmis, < 

By TTabby Medfoeth I)AWSDir, Gboegb VmciarT Hali, and 
Arthoe Key. 

The facts estaldisbed by variotis wt»kers in the investigatioa of 
the dcpendenfie of the catalysiBg -poyret of an acid on its conoea* 
toudon (Ooldschmidt, Z. phyaihai. Chem., 1910, 70, S27; Gold- 
schmidt and Thaeseo, Z. BUeiktrodiem., 1911, 17, 684; Bredig, 
Ifillaar, and Biatme, Utid., 1912, 18, 535 ; SEethlage, S>id., p. 539 ; 
Bdireon and Bcnris, J., 1913, lOSf 2135 ; Taylor, Medd. K. Veknsle- 
ofsakad. NiAd-Jnst., 2, 34, 35, 37) led to die vmw that die oatalydc 
efiaeta aie due to the action of the hydi^igea ioa and of the 

uadisaac^iled acid. Tlie som total of the evidsooe. for this joint 
action was so^ aa to afford a veiy sahstantial basis for wlia.t became 
generaU J knovni as the dual theory of acid catafysis. lii particular, 
it may zeoalkd fbak obserradcBis on the acetone-iodine reaction 
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with acetic, chloroacetic, ap-dichlorobutyrio, dicHoroacetic, and 
hydrochloric acids gave in all cases the same value for the catalytic 
activity of the hydrogen ion, whilst the coefficients for the un- 
dissoeiated acid molecules varied very largely according to the 
nature of the acid. 

The dual theory marks a well-defined stage in the development of 
the modem view, according to which catal 3 rtic efiects are to be 
attributed to positively charged “ hydrogen ** and similar complex 
kations, to neutral molecules, and also to negatively charged anions 
— in short, to all those molecular entities which may act either as 
proton donators or proton acceptors (compare Lowry, J., 1927, 
2654 ; Bronsted, J. PhyskaiGh&m^, 1926, 30, 777). For an aqueous 
solution which contains an acid ISA and the corre^onding anion A", 
the equation for the catalytic effect may be written 

= him + hJiA-J + kmlBA] + *oh[OH-] + . (1) 


in which the relative values of the respective catalytic coefficients 
vary widely with the nature of the catalysed reaction. It is 
possible, for instance, that feos may be of the same order of magnitude 
or millions of times greater than and that the action of the un- 
dissociated water molecules as measured by hte may be negligibly 
smali or may represent a very important part of the observed 
catalytic effect. In such circumstances, it is apparent that all 
acid-patalysed; reaetioris do, not lend themselves to the quantitative 
investigation, of jndividu|5i.l ea^ytis. .yhic^ are^ prod^o^ 

by the uz2dissoe2a4i^^'aoi^ CQxresp(mding:Br4Q3i A*’- 

Generally speajbng^ favourable condiriona will i^t be' attamed if 
the ratios and kalk^sixe very much less than about 0-01. 

For a given reaction, the magnitude of these ratios depends on 
the ionisation constant of the catalysing acid. As the ionisation 
constant increases, the value of k^ increases, whilst that of ka 
diminishes. For very weak acids it may therefore be possible to 
determine ka, but not k^, whilst the converse may be true for 
relatively strong acids. The fact that the acetone-iodine reaction 
affords kmlh ^'Ud kajh ratios of suitable magnitude in the case of 
moderately weak acids is largely responsible for the discovery of 
those simple relations which have found expression in the generalised 
form of the catalytic catenary. 

The results to be described are concerned Trith the catalytic 


activity of a series of acids of var 3 dng strength, and it will be shown! 
that the change in the catalysing power with the concent 
affords a measure of ^ and s3i6 a value for the ionisation 
of the acid. The measurements relate to the 
reaction at 26'", and it may be noted at the outset that thli 
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value of ka/kji is about 0*01. On account of the autocatalytic action 
of the hy^odic acid which is produced in the reaction, it is not 
possible to determine with the requisite accuracy the initial reaction 
velocity when the icsusation constant of the cahalysing acid is much 
less than Z = 1(H. 

For a solution which contains e mols. of HA per litre, the equation 
ftff the reaction velocity may be written • 

V — -r + ^j«[HA] 

= (*A + ia-J!«)[H+3 + i„c .... (2) 

If the acid is suflciently weak, the hydrogen-ion concentration for 
the range of solutions c = 0-01 to c = 0*5 is given with close approx- 
imation by [H'^] = VKc, and equation (2) may be written 

®/Vc = ih + + KVc ... (3) 

according to which vjVc is a linear function of V c. The slope of 
this line gives and its intercept on the zero ordinate yields 
{kh + ka — kmW^- As already indicated, ha can be neglected 
without serious error, but if required its value can be determined 
by methods which have been previously described. Since \ is 
known, it follows that the intercept affords a measure of the 
ionisation constant K. The accuracy of the value is obviously 
limited by the degree of approxiination which is involved in the 
substitution of VZc for [H+], and the error thereby introduced 
increases with the magnitude of K, The value of K derived from 
equation (3) may, however, be used as a preUminary value in pro- 
ceeding to the next step in the proc^ of evaluation. 

la this further step, the value of [H"^] in equation (2) is assumed to 
be given by the mass-law expression [H+] = ca = a), 

wha% a is the degree of ionisation of the acid and K the ionisation 
constant derived from equation (3). From equation (2), which may 
be put in the form 

- {kk -r ka)[m'i + k^im.1 

we then obtain by substitution for [H'^] 

vlVc{l — a) = (k;, -f ka)VE + k^V c(l — a) . . (4) 

which yields a straight line when r/\/c(l — a) is plotted against 
Vc{l — a). The intercept of this line on the zero ordinate obviously 
leads to a value of K which is greater than that derived from the 
graph corresponding with equation (3), and at the same time the 
increased value of the intercept implies a smaller value of kj^- 
If necessary, the second value ei K may be used to derive anew 
series erf values df Vc(l — a), and the procedure followed in the 
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second stage may be repeated. When the strength of the acid is 
such that the relation [H+] = V-Kc is not even approximately true, 
the first step in the process may be omitted and the catalytic data 
applied directly to equation (4) with values of V c(l — a) derived 
from an approximate ionisation constant afforded by conductivity 
or other measurements. It should be noted that equation (4) may 
be written in the alternative form 

vICOL = h + h + .... (5) 

according to which vjcx is a linear function of coe. This form 
affords a convenient method for the determination of one of the 
quantities JS[ or if the other is known, but is not so suitable for 
the evaluation of both E and km- 
The results which have been obtained in the application of the 
above method are shown in the following tables, of which the 
order is determined by the magnitude of Z. The first line of 
figures gives the concentration of the acid in mols. per litre, the 
second gives the observed initial reaction velocity with an acetone 
concentration of 20 c.c. per litre, the third gives the values of 
vfVc or vlVc{l — a), and the fourth the corresponding values 
calculated from equation (3) or (4), 

Propionic Acid. 


c 0-01 0*02 0-05 0-1 0-2 0-4 0-5 

f.l0» 0-181 0-269 0-449 0-664 0-997 1-546 1-76 

I?/Vc.l0® 1-81 1-90 2-01 2-10 2-23 2-44 2-49 


t?/Vc . 10« (calc.) ... 1-85 1-90 1-99 2-09 2-23 2-44 2-62 

The slope of the line when v/Vc is plotted against Vc gives 
km = 1*10 X 10“®, and the intercept on the zero ordinate {kk + ka — 
km)VE = 1-74 X 10-«. Since h = 465 x lO"® and = 4 x lO-^, 
this gives K = (1*74/468)2 = 1-38 x 10“®. The calculated values 
of vjVc are those derived from 10® x vjV c = 1-74 + 1-10\/ c. 


Acetic Acid. 


c 0-01 0-02 0-05 0-1 0-2 0-4 0-8 

v.l0« 0*216 0-317 0-612 0-770 1-17 1*79 2-86 

r/Vc.lO® 2-16 2-24 2-29 2-43 2-62 2-83 3*18 


vlVe.l0<^{<i^<s.) ... 2-14 2-20 2-Sl 2-44 2-61 2-86 3-22 


The slope of the »/Vc and Vc line gives i:„ = 1-36 x 10^ and 
the intercept = 2-01 x 1(H. Since i:. = 4 x 1(H, K = (2*^^ 
467)® == 1-86 X 10”®. The calculated values of c 
given by ®/V c . 10* = 2"01 + l'35Vc. .. 
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Sticeinic Acid. 


c 001 002 0-06 0-1 0-2 O-i 0-5 

o.lO« 0-388 0-688 1-030 1-60 2-47 4-02 4-74 

v,Vc(l - o). 10* 4-04 4-27 4-69 6-12 8-87 6-40 6-74 

»/Ve{r^^) . 10» (calc.) ... 4-11 4-29 4-68 8-04 8-60 6-40 6-72 


The first-stage jdot of v/Vc against Vc gives = 4-35 X 10-® 
and (h + jfca — TimW^ = 3*65 x lO"*. Since is approxiniatdy 
1 X 10"®, this gives a preliminaiy value oiK = (3-66/462)® = 6-24 x 
10-®, I^om this the values of »/V’c(l — a) in the third line are 
derived, and the plot of these against yc(l — a) gives hm — 4-30 x 
KH and the intercept (iS:* -|- h^V K = 3-70 X 1(H, from which 
S ^ (3-70/466)® = 6-30 X 10^. The values in the last line are 
those calculated from «/Vc(l — «) . 10® = 3-70 + 4-30V c(l — «). 

^-CMoropropionie Acid. 


e 0-01 0-02 0-08 0-1 0-2 0-6 

S .10‘ 0-473 0-710 1-20 1-81 2-79 5-02 

e/vV(r^ . 10* 4-96 8-20 8-49 6-81 8-31 7-15 

vlV'd.i — a) . 10* (calc.) 6-03 8-19 8-49 6-83 6-31 7-28 


The prdiminaay plot gives hm — 3-86 x 10^ and (ir* + ia — 
Jen)VK = 4-48 X 10^, whence K = 0-94 x 10^. IVom the latter 
the values of vjV c(l — a) in the third line have been derived, and 
the plot of these against — «) gives i„ = 3-7 X 10^ and 
(*4 -f ka)VK = 4-68, or K = {4-68/465)* == 1-01 X 1(H. The 
numbers in the fourth line axe those calculated by use of 
equation (4). 

The value of Z = 0-86 x 10^ obtained by lichty (AnnaUn, 
1910, 319, 380) from conductivity data is less than those for p- 
bramopropionio acid (Z = 0-98 x 10^; Walden, Z. fhysih^. 
Cheia., 1892, 10, 660) and for ^-iodopropionie acid {E = 0*90 x 
Ifr^; OstwaM, ibid., 1889, 3, 193), whereas the stren^ of corre- 
^tmding halr^en-substituted acids normally increases from the 
iodo- to the ehloro-aoid. The higher value derived from the 
catalytic data has been confirmed by new conductivity measure- 


which for i; = 16 

to V — 

256 gave E 

= 1- 

04 X 

10^. 




OlycoIUc Acid. 





C 


O'Ol 

0-03 

0-06 

0-1 

0*2 

0*4 

0*5 




0-585 

0*882 

1-495 

2-31 

3*61 

5*86 

6-79 

»/Ve(l - a) . 

10« 

6-20 

6*50 

6-86 

7*44 

S-18 

9*35 

9-68 

v/Ved - «) . 

10* (calc.) 

6-24 

6-47 

6-94 

7-47 

8*21 

9-27 

9-70 

9 

1 

I 

gives 


6-0 X 

1(H 

and 

(i* "T “ 


inWE — 5-40 X 10-®, whence E = 1-38 X lO"*. Erom this, the 
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values of v/Vc(l — a) in the third line are derived, and the graph 
of these against Vc(l^ a) gives = 5*7 x 1(H and (fe + 
haWK = 5-70 X whence K == (6-70/465)2 = l-SO x 1(H. The 
numbers in the fourth line are those derived from y/Vc(l — oc) . 10® = 
5-70 + 6*70\/ c(l — a). 

CJiloroaceiic Acid. 


c 0-005 0-01 0*02 0-05 0-1 0-2 0-5 

1-066 1*656 2*56 4*62 7-31 11*80 23*0 

^/ Vc(l - g) . 10^ 


vlVc(r^ a ) . 10« (calc.) 19-3 19-9 20*86 22-65 24-7 27*6 33*4 

In the case of chloroaoetio acid tiie substitution of VKc for [H*^] 
is a very rough approximation, as seen when v/Vc is plotted against 
Vc, for the points corresponding with the lower acid concentrations 
fall very considerably below the straight line which reproduces 
fairly well the data for the three most concentrated solutions. This 
line gives hm = 23*6 x KH and (fe + hn)VK = 16*0 x 10"®, 
whence K = 1-31 x 10^. From this preliminary value of 
the second stage of the process gives == 22*3 X ICh® and 
ih + h)VK = 17*9 X 10-®, whence Z = 1*48 x 10"®. The 
values of »/Vc{l — a) in the third line are derived from the latter 
and the plot of these numbers against Vc(l — «) yields == 22*2 x 
10"® aaad (i* + ka)VK = 18*1 x 10"®, whence K = 1*51 x 10"®. 
The figures in the fourth line are those given by v/\/c(l — a) . 10® == 
18*10 + 22*2V c(l a). Eepetition of the second-stage process 

thus makes but little difference to the values obtained for km and K, 
although chloroacetio acid is not an acid which can be regarded as 
weak. 

In the following table, the results of the measurements are 
summarised, aaad for comparison the values of K derived from con- 
ductivity measurements are added in the last column. 


K (from K (from 

Acid. Tcta X 10®. catalytic data). conductivity). 

Propioznc 1-1 1-38 X 10“® 1-4 X 10^ 

Acetic 1-35 1-86 x 10"® 1-85 x 10“® 

Succinic 4*3 6*30 X 10^® 6-55 X lO"® 

jB-ChloTopropionic 3-7 1*01 X 10“* 1*04 x 10"* 

Glycollic 5-7 1*60 x 10“* 1*52 X 10’* 

Ohloroacetic 22-2 1*51 X lO"® 1*65 X 10"® 


From the table it is evident that k^ increases in general with 
strength of the acid. The slightly anomalous value for succinic 
may possibly be connected with the fact that this is dil 
in other ways not directly comparable with the other 
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the series. In all cases the ionisation constants derived from the 
catalytic data are in close agreement with those given by the 
conductivity of the acid in dilute solution. 

According to equation (2), the hydrogen-ion concentration is 
given by [R^] == (v — h^c)({h + h — and provided Jca and 
are known, the ionisation constant may be derived by substitu- 
tion of this value of fH'^] in = [H+p/(c — The result is 

illustrated by reference to the data for glycoUic acid : 


c 

O'Ol 

002 

0*05 

0-1 

0-2 

0*4 

0*5 

... 

ET.IO* 

1-15 

1-67 

2-64 

3-79 

5-38 

7*80 

8*58 

1*50 

1*53 

1-47 

1-40 

1-49 

1*55 

1*60 


Consideration of the Factors which affect the Value of K. 

The determination of K and by the method based on equation 
(4) involves the assumption that the ionisation constant K and 
the catalytic coefficients ku, hay and are not affected by changes 
in the concentration of the acid. Irom experiments on the catalytic 
activity of acids in solutions of catalytically inert salts (Dawson 
and Key, this vol., pp. 1239, 1248), it would appear that kh increases 
continuously with the salt concentration, whereas ka and are 
but slightly affected by changes in the ionic environment. These 
experiments show, further, that the ionisation constant K increases 
with the salt concentration to a maximum and then diminishes as 
the proportion of salt in the solution is further increased. 

The ionic concentration of the salt-free solutions with which 
we are concerned in this paper increases with the total acid concen- 
tration, but, in general, the ionic strength (jt == ca) is less than O'Ol, 
In these circumstances, there will be no appreciable alteration in the 
values of the several catalytic coefficients, but since the ionisation 
constant increases rapidly with the ionic concentration at low 
values of the latter, it may be anticipated that K will increase 
somewhat as the concentration of the acid increases. On the 
other hand, it is well known that the addition of non-electrolytes 
to the aqueous solution of a weak electrolyte reduces the ionisation 
of the latter, and this factor may be expected to play some part 
in the more concentrated acid solutions. It seems possible, in fact, 
that the constancy of which is indicated by the catalytic data, 
may be due in some measure to the opposite effects which are pro- 
duced by the ionised acid and by the non-ionised acid respectively. 

Since the thermodynamic ionisation constant Ea is given by 

Ka - = (A/./Zo) X [H+][A-]/[HA] 

in which is approximately equal to unity, the connexion between 
K and Ka Tn&j be written K = Kalf^f^ = Kalfi, where is the 
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mean activity coefficient of the ions. Furthermore, the relation 
between/^ and the ionic strength jx may be expressed in the form 
log Ijfj, = aV p. — 6[jt, in which the second term may be neglected 
for small values of p. and, in accordance with the Debye-Hiiokel 
theoiy, a may be given the value 0*5 when the ions concerned are 
univalent. On replacing the ordinary by the natural logarithm, 
we obtain logg 1//^ = I'lSVp, whence K == Ka* or = 
V Ka • When this is introduced into equation (4), the latter 

takes the form 

vlVc(l - a) = {h + ha)VTa . + JCmVcil - a) . (6) 

If the limiting ionic strength is taken as 0*01, which is greater than 
that of any of the solutions used in the catalytic experiments, 
except for the more concentrated solutions of the chloroacetic acid 
series, the limiting value of is approximately 1*12, which 

signifies that an increase of 12% in the value of vlVc(l — a) might 
conceivably be debited to the change in the ionic environment in 
proceeding from p = 0 to p = 0*01. This increase of 12%, although 
only a small fraction (see tables) of the actually observed increase in 
vjV c{l — a), represents the maximum increase which can be 
attributed to the ionic effect, for it takes no account of the opposing 
influence of the second term in the equation log 1//^. = a\/p — 6p. 
The influence of the un-ionised acid in the more concentrated 
solutions is also ignored. So far as the present series of experiments 
is concerned, it is perhaps still more important to bear in mind that 
all the solutions examined contained a small quantity of potassium 
iodide (0*002 mol. per litre). The presence of the latter diminishes 
very appreciably the variation of K which may be attributed to 
the increasing concentration of the ions in passing from the weaker 
to the stronger solutions. This may be illustrated by reference to 
the specific case of propionic acid for which increases from 

1*058 for c = 0*01 to 1*083 for c == 0*5. The corresponding increase 
in for glycollio acid is from 1*065 for c == 0*01 to 1*12 for 

c = 0*5. In such circumstances, it is not difficult to understand 
that the catalytic data are generally consistent with the assumption 
of a constant value for K, 

In this connexion, attention may be directed to the experimental 
data obtained by Dawson and Powis (toe. cit.) for the much stronger 
dichloroacetic acid at concentrations between c = 0*01 and c = (^2.^ 
In the application of equation (4) to these results, the values. i^ 
z?/Vc(l — a) have been derived from K = 5-0 X 10"® (Dructe^^ ^ 
physiJeaL Chem., 1904, 49, 663) : 
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Dichloroacetic Acid* 


c 0*01 0*02 0^05 0*1 0*2 

v.l0« 4-10 7*95 18*1 32-7 59-6 

ca 0-00S54 0*0153 0*0309 O-OoOO 0*0780 

p/V^l - g) . IQS 107*3 116*0 131-0 146*2 170*6 


i,/v/c(l - tt) . 10« (calc.) 110*6 116*7 130*6 147*7 172*8 

The plot of viV c(i — a) against Vc(l — a) gives a straight line, 
the slope of which yields =: 200 x 10^. The numbers in the 
last horizontal line are those derived from vjV c(l — a) . 10® = 
103*0 + 200Vc(l — a). As in the case of the weaker acids, these 
results indicate that the catalytic data for dichloroacetic acid can 
be satisfactorily co-ordinated in terms of equation (4) with a constant 
value of K* It is to be noted, however, that the solutions of di- 
chloroacetic acid contained a larger quantity of potassium iodide, 
viz*, 0*008 mol. per litre. This would certainly tend to reduce the 
influence of the ionised acid on the value of K* At the same time, 
the ionic strengths of this series of solutions (see third line of table) 
are of such magnitude that the second term in the equation log IJf^ 
aV^ — cannot entirely be left out of account. Without entering 

into a more minute discussion of the matter in this papca:, we would 
further suggest that it is improbable that the polarising influence 
of ionic environment, as measured by a, is independent of the 
nature of the jMDsitive and negative ions, even when these carry 
the same charge. There is, indeed, a substantial amount of evidence 

to support the view that such influence is specific even at very low 
ionic concentrations. 

In conclusion, attention may be directed to the very general 
applicability of the catalytic method as a meaoss of determining 
the d^ree of ionisation of an acid. If the values of Jsh* K 9 6nd hm 
are knowx4 the method may be applied to solutions of the acid 
in pure water or in solvents which contain relatively large quantities 
of catalytically inert salts. The conduotivily method fails com- 
pletely when foreign electrolytes are present in more than very small 
amounts, and since the mobiiiiy of the ioziis is so largely affected by 
intericnic forces, it is at the best limited to solutions of low ionic 
strength. 

Summary. 

The catalytic effects produced by propionic, acetic, succinic, 
^-chlaropropicmic, glycoUic, and chloroacetic acids have been studied 
with reference to the variation of the catalysing powmr with the 
concentration,. 

It is shown that tifie connexion between the reaction velocity 
and the concentration affords a means of determining the ionisation 
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constant of tlie acid as well as the catalytic activity of the iindis- 
sociated add. 

The ionisation constants derived from the catalytic data are in 
close agreement with those afforded by the electrical conductiviiy 
of dilute solutions of the acids. 

In general, the catalytic activity of the undissociated acid 
increases with the ionisation constant. 

The relation between Hie catalytically determined cemstant K 
and the thermodynamic constant Ka is considered in reference to the 
various factors which affect the value of K under the conditions 
which obtain in the experimental determinations. 

The tJKXVEBsrrsr» Leeds. August 1928.] 


CCCLXXVI . — TheBeadicyns of Hydrogen Chloride with 
the Dioxides of Selenium and Tellurium between 0® 
and 170®. 

By Thomas Wallace Paekee and Peecy Lxjcock Robihson. 

SELBisrETiM: dioxide has been stated by Ditte {Compt. rend.^ 1876, 
83, 56) to absorb hydrogen chloride exothermally, formicg, (1) 
at the ordinary temperature, an amber-coloured liquid, SeOgjHOl^ 
stable below 26°, but evolving hydrogen chloride on warming, 
and (2) at iow- temperatures, a transparent yellow solid, Se02,2HCl, 
which reverts to Se02,HC!I on rise of temperature. The formation 
of Se02,2HCl was confirmed by Lenher (J. Amer. Ohem, Soc,, 1920, 
42, 2498), who, however, did not specify the temperature; by the 
action of either phosphoric oxide or calcium chloride on this com- 
pound, followed by distillation, he prepared selenium oxychloride. 

The present authors find that a pale yellow solid approximating 
closely to Se02,4HCl is formed at 0°; when warmed, this loses 
hydrogen chloride, liquefies completely at 35°, and at 100® is a yellow 
liquid containing slightly more hydrogen chloride than required by 
Se02,2B[C!l. If the reaction is started at 18°, the resulting material 
is partly liquid, has the composition Se02,2*6HCl, and behaves like 
the preceding product when heated to 100° ; whereas at 100° material 
identical with the previous final product is obtained. At 140 — 170° 
an amber-coloured liquid is formed of composition SeOgjl-SHCi, 
which on distillation partly decomposes into selenium dioxide and 
hydrogen chloride, the resultiDg clear yellow liquid, b. p. 160 — , 
d 2*45, having the composition Se02,l'8HCl. Redistillatioh ^41^ 
liquid in a vacuum is accompanied by a further partial 
tion, producing a distillate, b. p. 70 — 80°/16 mm., the 



2854 PABKBB A2jfD EOBINSON : THE REACTIONS OE HYDROGEN 


wMch agrees with Se02,2HG. We therefore conclude that there 
are two addition compounds, viz., (1) Se02,4H01, a yellow solid stable 
at 0**, and (2) Se02,2HCl, a yellow liquid, stable up to and partly 
distillable at 170*^. This liquid dissolves hydrogen chloride in 
amounts varying with temperature. 

Ditto {Campt rend., 1876, 83, 336) considered that an addition 
compound, 2Te02,3HCl, was formed by passing dry hydrogen chloride 
over tellurium dioxide at — 10°, which dissociated at the ordinary 
temperature, yielding Te02,HCl, but he obtained no evidence of 
Te02,2B[Cl at an intermediate stage; TeOgjHOl was described as 
beginning to lose water at 110° and yielding at 300° tellurium 
oxychloride, TeOClg, a yellow liquid setting to a crystalline solid. 
Lenher (J. Amer. Chem. Soc,, 1909, 31, 243) found that the dioxide 
and hydrogen chloride combined to form Te02,3H01 at 0°, and that 
this was successively converted into Te02,2HCl and TeC!l4 on heating, 
but he obtained no evidence of the formation of tellurium oxychloride 
in any reaction. At 280 — ^300° tellurium dioxide was completely 
volatilised in a stream of hydrogen chloride, presumably as tetra- 
chloride and steam. The present investigation shows that at 0° 
hydrogen chloride is absorbed in varying quantities by the dioxide, 
giving a product, obviously not homogeneous, which loses water 
continuously with rising temperature when heated in a stream of the 
gas. There is no evidence that tellurium dioxide forms a definite 
addition compound within the range 0 — 160°, the experimental data 
according more closely with the anticipated behaviour of basic 
chlorides in the presence of hydrogen chloride. 

Experimental. 

T^ufium . — ^The dioxide was prepared by adding successive small 
quantities of finely powdered tellurium to boiling concentrated nitric 
acid, decanting the excess of acid, washing the oxide well with water, 
and drying it first on a steam-bath and then at 110° (Found : 
Te, 774. Calc, for TeOg : 79*9%). This material was used in the 
preliminary runs, but for the later work it was just fused and then 
allowed to crystallise, the central portions of the melt being used 
(Found : Te, 79*3%). Hydrogen chloride, dried and purified by 
passing successively through concentrated sulphuric acid and a 
cotton-wool fiOlter, was led into a horizontal glass tube containing 
the dioxide (1 — 3 g.) in a porcelain boat at laboratory temperature. 
The oxide first turned yellow, then moist, and finally separated into 
yellow liquid and white solid layers ; the solid lost 14% of moisture 
in a desiccator, but gained 12% on exposure to the air, dirty white 
friable solids being produced in each case. After various periods 
of passage of gas, the increase in weight of the contents of the boat 
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was irregular and neither the Kquid nor the solid was of definite 
-composition (see Table I). 

Table I. 

Increase Empirical com- Liquid, Solid. 

Time, in position calc- , 3 ^ 

Run. hrs. weight, %. from increase. Te %. Cl %. Te %. Cl %. 

1 5 384 TeOj,l-68HCl 30*7 29-0 

2 7 36-8 Te02,l-67HC1 30*6 26*1 

3 7 44-7 Te02,l‘96HCl — — 

Further experiments were made with the oxide in a stoppered 
U-tube at laboratory temperature and at lOO"". Pure, dry hydrogen 
chloride was passed first through a weighed stoppered U-tube (.4) 
with a filling of phosphoric oxide, then through the reaction tube, 
and finally through a second, weighed, stoppered U-tube (B) filled 
in like manner. The drying-tubes were filled with hydrogen chloride 
before all weighings and the weight of the reaction tube was corrected 
for the change from air to hydrogen chloride. Baker (J., 1898, 
73, 422) has shown that unless phosphoric oxide is pure it absorbs 
small quantities of hydrogen chloride, and accordingly the differ- 
ence between the increase in tubes A and B was taken as the amount 
of water leaving the reaction tube. Run 4 confirms Baker^s 
observations, but in runs 5 and 6, carried out at 100°, it is obvious 
that the course of the reaction has changed ; little hydrogen chloride 
has been absorbed, and some water, presumably that produced in the 
reaction, has been arrested by tube B. In these runs there was 
evidence of a slight reaction, the surface of the solid becoming 
greenish-yellow whilst a trace of brown sublimate was carried a 
little way up the limb of the reaction tube. 

Table II. 

Weight Increase Empirical Change in weight (g.) 
of in composition ia 

Time, TeOj, weight, calc, from ^ 

Run. hrs- Temp. g- %, increase. A, B, 

4 5 18° 0-6564 40-4 Te08,I-77HC!l +0-0130 +0-0166 

5 12 100 1-0420 6-3 TeO8,0-27HCl +0-0126 +0*0290 

6 2-6 100 1-4164 9-3 TeOs,0-41HCl -0-0002 +0-0324 

Three further runs (7, 8, 9) were carried out exactly as above 
in order to ascertain the change taking place in the material formed 
at 0° when it was subsequently heated in a stream of the gas. The 
reaction tube was first surrounded by a brine bath maintained at 
0° ± 1° gas was passed through the material for 6 hours* After 

the three U-tubes had been weighed the product was warmed^ 
100°, and subjected to the action of hydrogen chloride for * *!TT||m 
3 hours, and the tubes were re-weighed ; finally, the 



2856 


THE EEAGTIO:!ffS OE HYBEOGEX CHLOEIDE, BTC. 


was raised to 150®, and gas passed for a further 2 hours, after which 
the last weighings were made. The results are shown in Table III, 
from which it is clear that at the higher temperatures there is a loss 
of water and a nearly equal gain of chlorine. 




Table III. 



Temp. 

Run 

7. 

8. 

9. 

10. 


f TeOs, g. 

0-8320 

0-S922 

0-3580 

0-8086 


1 Increase, %. 

35-9 

26-3 

40-2 

32-1 


\ Ha/TeOa (mols.)^ 

1-57 

1-15 

1-76 

1-40 


1 Increase in A, g. 

0-0408 

0-0870 

0-0830 

0-0068 


; Increase in B, g. 

0-0790 

0-0996 

0-0936 

O-OOOS 


j' Increase, % 

35-7 

29-7 

47-7 

41-5 


j HCI/TeOa (mols.)* 

1-56 

1-30 

2-09 

1-82 


1 Increase m A, g. 

0-0082 

0-0590 

0*0682 

0-0030 


1 Increase in B, g. 

0-0370 

0-1018 

0-1014 

0-0302 


( Increase, %. 

33-8 

30-7 

51-3 

47-0 


1 HCl/TeOjj (mols.)* 

1-48 

1-34 

2-24 

2-06 

jIMU 

1 Increase in A, g. 

0-0310 

0-0438 

0-0726 

0-0012 


1 Increase in B, g. 

0-1152 

0-1348 

0-1216 

0-0364 


' Calculated from increase. 


At the highest temperature, water carried forward by the gas 
stream was observed to condense in droplets in the connecting tubes. 
In run 10, which confirms the results in runs 7 — ^9, drying tubes 
filled with calcium chloride were used to confirm the conclusion that 
the increase recorded in the A tube when phosphoric oxide was used 
is due to the cause indicated above. 

Tellurium was estimated by dissolving weighed amounts of the 
compounds in hot concentrated hydrochloric acid and adding 
successively a saturated solution of sulphur dioxide, a 15% solution 
of hydrazine hydrate in hydrochloric acid, and finally more sulphur* 
ous acid ; the resulting black colloidal tellurium was granulated by 
boiling for 10 minutes and then weighed on a Gooch crucible 
(compare Gutbier and Huber, 2?. ami. Ghem., 1914, 53, 430). 

Sdenium . — Crude dioxide was purified by solution in concentrated 
nitric acid, evaporation to (hyness, and gentle ignition. Calcium 
chloride drying-tubes were used, and runs were conducted exactly 
as above at 0®, with change to 100® ; at laboratory temperature, 
with change to 100® ; and at 100® throughout. At 0® a very light 
yellcyw solid was produced which developed a considerable pressure 
of hydrogen chloride at the ordinary temperature, and there was no 
change in the weight of the B tube; on being heated to 100® this 
solid melted to a dark yellow liquid, and an increase was noted in 
the B tube, but it appeared to be due, not to watsr, but to the 
distillihg forward of the undeoomposed compound, for the tube 
became yellow, ^nd, moreover, when the increase in weight of the B 
tube was added to the increase in the reaction tube, the sum always 
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indicated the presence of a substance having a composition very close 
to Se02,2HCl. At laboratory temperature a mixture of liquid and 
solid was produced which gave precisely similar results when heated 
to 100® in a current of hydrogen chloride. The product obtained 
directly at 100® behaved similarly. The results are given in 
Table IV. 

Table IV. 




Increase % 

HCl/SeOa 

Increase at 

HCl/SeO- 

Htin. 

SeOa (g.). 

at 0°. 

at 20°. 

(mols.). 

100°, %. 

(mols,). 

IL 

0-3220 

126-5 

— 

3-85 

60-3 

1-83 

if 

0-3142 

131-9 

— 

4-02 

66-7 

2-03 

13 

0-1576 

134-6 

— 

4-10 

70-9 

2-16 

14 

0-1620 

127-7 

— 

3-89 

Sl-9 

2-50 

^lean 


130-2 

— 

3-97 

70-0 

2-13 

15 

0-1364 

— 

79-1 

2-41 

75-2 

2-29 

16 

Mean 

0*1468 

— 

90-2 

84-7 

2*75 

2-58 

(45-6) 

75-2 

(1-39) 

2-29 

17 

0-1760 

— 

— 

— 

71-5 

2-18 

18 

Mean 

Creneral 

0-1574 

mean at 100° 




70- 7 

71- 1 

2-15 

2-17 

2-16 


UmvERSiTY OP DuaHAM, Abmsteojtg College, 

l^EWOASTLE-tnpoN-TTOE. [Btceived^ September 4ih, 1928.] 


COCLXXVII . — The Production of Thiophen hy the 
Interaction of Acetykne and Gaidxm Dis'tdpMde, 

By Hbitby Vincent Amn Bkiscoe, John Butteby Peel, and 
Peecy Lucock Robinson* 

The small proportion of thiophen that is formed, together with 
carbon disulphide, by the interaction of acetylene and sulphur 
vapour (Peel and Robinson, this voL, p. 2068) is produced probably 
by a direct reaction of acetylene with sulphur, and not by a secondary 
reaction between, the gas and carbon disulphide, for the work 
described below indicates that thiophen is produced in quantity by 
the latter reaction only at temperatures considerably h%her than 
those required when sulphur is used* The reaction of acetylene with 
carbon disulphide at 700® afioids a convenient and cheap means of 
synthesising pure thiophen in quantity. 

A rapid stream of acetylene, saturated with carbon disulphide 
vapour by passage through the boiling liquid, was delivered into the 
end of a horizontal silica tube (22 x 2 ins.), from which it passed 
through a water ooxAem&s to a ooUeeting bottle. ' The tube oauW 
maintamed electrically at any desired temperature up to 
the heai^ zone was packed with broken porous pot. 
from runs at speclSo temperatures was collected and sepfaal(ii^ jj|W 
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its constituents by the careful fractionation previously described, 
At 200°, the Kquid was entirely unchanged carbon disulphide; 
a trace of thiophen appeared at 350° and the quantity gradually 
increased with rise of temperature until at about 700° the condensate 
contained approximately 10% by volume of thiophen and about 10% 
of hydrocarbons. This was the maximum yield for the particular 
length of hot zone used, nor was it possible to increase the jield by 
employing bauxite or granular copper sulphide as the furnace 
packing. At temperatures h^er than 700° the tube became 
choked with carbon before the amount of condensate was sufficient 
for investigation. 

Acknowledgment is made of a grant from the Research Fund 
Committee of Armstrong College, which enabled one of us (J. B. P.) 
to take part in this work. 

UxiTEBSITY OF DURHAM, AbMSTBOXG COLLEGE, 

Newcastle-upon-Tyxe, [l^ecewed, September 4th, 1928.] 


GCGLXXVIIL—o^Sulphinobenzoic Acid. 

By William Bennett Price and Samttibl Smiles. 

In the course of experiments with hydroxy-derivatives of thio- 
xanthone dioxide, o-sulphinobenzoie acid was required. Two methods 
are recorded for the preparation of this acid, either from o-diazo- 
benzoic acid with sulphurous acid (Gattermann, Rcr,, 1899, 32, 
1144) or from the dichloride of o-sulphobenzoic acid by reduction 
with alkaline sulphite (Davis and Smiles, J., 1910, 97, 1290), but 
neither is suitable for the preparation of laige quantities of the 
material, the yield being variable and the quality of the product, 
particularly when the latter method is used, often poor. 

According to patent literature (D.E.-P. 35230), a solution of 
o-chlorothiolbenzoic acid is obtained when o-thiolbenzoic acid is 
treated with chlorine in presence of an inert solvent. KTo mention is 
made of the isolation of the chlorothiol, but assuming the formation 
of the substance, it, was expected that on treatment with water the 
usual decomposition of chlorothiols observed by Zincke (for example, 
Annuden, 1918, 416, 86) would ensue, yielding the sulphinio acid 
and the disulphide, the latter of which would be available for 
renewed treatment with chlorine. Accordingly, the action of chlorine 
on o-thiol- or o-dithio-benzoic acid in presence of carbon tetrachloride 
has now been more fully studied. As a result, although the o-chloro- 
thiolbenzoic acid has not been encountered, good yields of an 
unstable dicAZoro-derivative have been obtained. This material. 
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when carefully treated 'with water, yields the almost pure sulphinic 
acid. Aa described in the experimental part, a trustworthy and 
simple method for preparing the acid is thus available. 

The reactions of this dichloro-derivative have been further studied 
with the object of determining its structure. The halogen is entirely 
and quickly removed by ice-cold water; o-sulphinobe3Qzoic acid 
alone is formed, no disulphide being observed. In fact titration 
wkh alkali hydroxide accords with the equation 

+ 4NaOH = 2NaCl + 

The substance might accordingly be represented in any of the three 
following ways : 

e^.<C^O C,H^gS>0 

(I.) (11.) (III.) 


but the acyl dichloride (I) and the C-dichloro-anhydride (11) struc- 
tures are discarded for the following reasons. On treatment with 
^-nitrobenzyl alcohol a mononitrohenzyl ester was obtained together 
with p-nitrobenzyl chloride. The first-named product was evidently 
the sulphinic esUr C02H*CgH4*S0*0*CH2*CeH4*lf02 (IV), since it 
yielded the sulphinic acid on hydrolysis and differed from the 
mlphone^ C02H'06H4*S02*CH2’06H4*N02 (V), which was obtained 
from the sodium sulphinate and p-nitrobenzyi chloride or by oxid- 
ation of the corresponding sulphide. Moreover, the substance did 
not react with p-benzoquinone in the manner characteristic of sulph- 
inic acids (Hinsberg, JSer., 1894, 27, 3259), and of o-sulphinobenzoio 
acid in particular. On treatmmt with phenols this chloro-oocgL|X)und 
yielded hydroxy-derivatives of o-carboxydiidienyl suJ^hide VI) 
together with chlorophenols. Neither with alcohols nor with 
phenols has any evidence of the formation of carboxylic esters been 
discovered. The incompatibility of this result with the structures 
(I) and (11) is evident and it is emphasised by the behaviour of the 
isomeric chlorides of o-sulphobenzoie acid with these reagents (List 
and Stein, £er., 1898, 31, 1648). Moreover, the formation of the 
acyl dichloride (I) or of the (7-didiloro-anhydride (H) by the action 
of chlorine on o-thiol- or o-dithio-benzoic acid cannot be simply 
interpreted. On the other hand, the formation of the 5f-diohloro- 
anhydride (III) by the process is readily e^lained by assuming the 
loss of hydrogen chloride from the o-chlorothiol (VII) and the sub- 


(VI.) (vn.) (Viiio 

sequent addition of halogen to the sulph^e anhydrid^M 
For these reasons the substance is r^arded as the 
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anhydride and it is evident that the reactions with ^-nitrobenzyl 
alcohol and with phenols accord with this structure. Bearing in 
mind the tautomeric behaviour of the two chlorides of o-sulpho- 
benzoic acid (List and Stein, he, cit.), it seems not improbable that 
under suitable conditions convemion into the acyl dichloride might 
be realised, but as yet this has not been effected and no evidence 
of tautomeric character has been discovered. 

During the investigation of the sulpbirdc ester (IV) and the isomeric 
sulphone (V) the i^-nitrobenzylmlphone ester (IX) was encountered. 
This substance is attacked by alcoholic sodium hydroxide, yielding 
the red sodium salt of Z'ieto-2-p‘nitropJienijl‘2 : Z-dihydrothio- 
napJifhen dioxide (X : R = Further investigation of 

this method of synthesising 2-derivatives of thionaphthen dioxide is 
being made; from sodium o-sulphinobenzoate and ethyl chloro- 
acetate, 3-keto-2-carbethoxy-2 : 3-dihydrothionaphthen dioxide {X ; 
E = COgEt) has already been obtained. This product is identical 

with the “ anhydro '' derivative obtained by Feist (Ber,, 1925, 58, 
2311) from the reaction of fuming sulphuric acid with ethyl benzoyl- 
acetate. The structure assigned to the substance by Arndt (Bcr., 
1926, 59, 1074), after examining the products of hydrolysis, is thus 
confirmed. 

Experimental, 

o-SulpMncbenzoic Acid. — ^Dry chlorine was passed into a mixture 
of dxy carbon tetrachloride (40 ex.) and o-thiolbenzoic acid (10 g.) 
until the latter had dissolved. Dry air or nitrogen was passed 
through the clear solution until hydrogen chloride and the excess of 
chlorine had been removed. The dichloro-anhydride, which separ- 
ated in the crystalline state as a result of the fall in temperature 
and loss of solvent, was collected and spread on porous earthenware. 
Atmospheric moisture liberated hydrogen chloride from the material, 
and this decomposition was completed by means of ice. The 
su^hinlc acid was then obtained in the czystalline state (yield, m. 
76%), the crude product having usually m. p. 123 — 124°. The 
purified acid decomposed and solidified a few degrees above its 
nklting point (126° ; Gattermann, loc, cit, gives m. p, 125°), forming 
o-dithio- and o-sulpho-benzoic acids. With impure samples this 
dec<»npQsition may take place below the m. p., with the result 
that the material does not fuse imtil near the m. p. of o-dithiobenzoic 
acid (289°). This behaviour explains the high melting point recorded 
for the sidphinic acid by Davis and Smiles (foe. cit)^ their product. 
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obtained reduction of o-sulphobenzoyl dichloride, being evidently 
impure. 

The dichloride (III) of o-sulphinobenzoic acid \ras prepared as 
described in the foregoing paragraph, purified materials being used. 
Owing to the instability of the substance and its sensitiveness to 
moisture, further purification by recrystallisation could not be 
effected. It formed cream-coloured needles, m. p. 62° (Found : 
Cl, 29-9; S, 14-3. requires Cl, 31-8; S, 14-3%. 

C 7 H 5 O 2 CIS requires Cl, 18-8; S, 17-0%). Decomposition with 
aqueous sodium hydroxide gave equiv., 56*0. CyH^OgCl^S, accord- 
ing to the equation given on p. 2859, requires equiv., 55-7. 

1 ^’yitTcbenzyl o-CarboxybenzenemlphinaU (IV). — solution of the 
dichloride (from 4*25 g. of o-thiolbenzoic acid) from which excess of 
chlorine and hydrogen chloride had been removed vras mixed with 
a concentrated solution of p-nitrobenzyl alcohol in drj^ ether. The 
ester separated in the crystalline state and after suitable purification 
from ether it was obtained in needles, m. p. 121 ° (Found : C, 52-4: 
% 3-2; N, 4-4; S, 10 - 0 . C^HiiOgNS requires C, 52-3; H, 3-4; 
X, 4-3; S, 9-9°^o)* p-Nitrobenzyl chloride was isolated from the 
mother-liquors of the reaction. The ester did not attack a cold 
aqueous suspension of p-benzoquinone. A sample was hydrolysed 
by boiling water; the products — p-nitrobenzyl alcohol and o-sulph- 
inobenzoic acid — were isolated and identified in the usual manner. 

o-Cafboxpj^iiie^h'p-nUrob^ (V) was obtained by boiling 

the potassium salt of o-sulphinobenzoic acid (1 mol.) and p-nitro- 
benzyl bromide (1 mol.) in alcohol which contained a little water. 
The potassium salt of the required acid separated £rom the cooled 
mixture. The axid was purified from aqueous acetic acid ; it had 
m. p. 226° and was not attacked by aqueous sodium hydroxide 
(Found: C, 52-3; H, 3-4; S, 10^. Ci 4 HiiOeNS requires C, 
52-3; H,3-4; S, 9-9%). 

The -p-nUrobenzyl ester (IX) of o-carboxyphenyl-p-nitrobenzyl- 
sulphone was obtained when a concentrated alcoholic solution of 
potassium o-solphinobenzoate (1 mol.) and p-nitrobenzyl bromide 
(2 mols.) was boiled for 2 hours. After purification from acetic acid 
the product formed plates, m, p. 190° (Found : C, 55-6 ; H, 3-9 ; 

N, 6-4. requires C, 65-2; H, 3-5; N, 6-1%). This 

material was also obtained from the corresponding sulphide 
(Apitzsch, JSer., 1913, 46, 3098) by oxidation with hydrogen peroxide 
in acetic acid solution. ^0 

The ^•niind>enzyl ester of m-carboxyphenyl-p-nitrobenzylsulp^^B 
(compare IX) was prepared by a similar process and foimed :M ^B 
m. p. 203° (Found : 0, 55-4 ; H, 4*1 ; S, 7-0. 

O , 55-2; H, 3-5; S,. 7-0%). ' 
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Z-Ktio-^-^-nitrophenyl-^ iZ^dihydrothiompMhen 1 : l-Dioxide (X; 
R == CeH4-N02), — A solution of sodium (0’3 g.) in alcohol (75 c.c.) 
containing the sulphone ester (IX) (5 g.) boiled for 2 hours. The 
red sodium derivative Trhich separated from the cooled liquid was 
collected and treated uith dilute sulphuric acid. The required 
dioxide was then obtained, after purification from acetic acid, in 
prisms, m. p. ISfi*". It was sparingly soluble in hot water, the 
solution being yellow (Found: C, 53*3; H, 3-4. Ci 4 H^ 05 XS 
requires C, 55-4 ; H, 3*0%). 

B-Eeto~2’-carbetJioxy-2 : B-diJiydrothiomphihen 1 : l-Dioxide (X; 
R = COgEt). — solution of ethyl ehloroacetate (13-5 g.) and potass- 
ium o-srdphinobenzoate (14 g.) in alcohol (200 c.c.) and a little water 
was boiled for 2 hours, the precipitated potassium chloride removed, 
and a solution of sodium ethoxide (2-6 g.) added to the filtrate, which 
was then gently warmed* The yellow sodium derivative was col- 
lected and decomposed with dilute sidphuric acid. From the 
solution obtained, ether extracted the required substance, which 
was purified from alcohol and then found to be identical with the 
“ anhydro '’-compound of Feist (Zoc. cit.) (Found : C, 51*8; H, 4 0. 
Calc/: 0,51-9; H, 3-9%). 

Hydroxy-derivcUives of o-Carboxydiphenyl Sulphide . — ^A solution 
of the dichloride (III) was prepared fay the action of chlorine on 
o-thiolbenzoic acid suspended in carbon tetrachloride (7 c.c. for 
every gram of the acid). After removal of free chlorine and hydrogen 
chloride, the usual precautions for the exclusion of moisture being 
taken, the solution was mixed with a phenol (2 mols.) in a suitable 
volume of carbon tetrachloride or dry ether. The required material 
had in most cases separated after 24 hours. The following products 
are typical of those obtained. 

2-C€iirboxy-4/^hydroxydip}ienyl sulphide (VI) formed small needles 
from acetic acid, m. p. 193° (Found : C, 63-3 ; H, 4-1 ; S, 12-S. 
CjgHjQOgS requires C, 63-4; H, 4-0; S, 13-0%). The structure 
assigned to the substance was shown by the conversion in warm 
sulphuric acid into 2-hydxoxythioxanthone, the coiastitution of 
which has been determined by a method which will be subsequently 
described. 

2-Carboxy-2* : 4^’ -dihydfoxydiphenyl svlphide^ 

CeH3(OH)2-S-C,H4-C02H, 

pepared from resorcinol, separated from hot water in needles, 
m. p. 190°, which assumed a yellow colour on exposure to light 
(Found : C, 59*7 ; H, 4-0 ; S, 12-1; requires C, 59-o ; 

H, 3-8; S, 12-2%). 

The interaction of the dichloride and resorcinol in equimolecular 

nronortinn nndpr fhft HpsrrihpH o-avp hiji^9/^rfTrhnv7t. 
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phenyHhiol-2 : ^-dikydroxyberaeiie^ CgH2(0H)2(S*C6H4*C02H)2, which 
was obtained in small needles, m. p. 272", soluble in hot alcohol and 
insoluble in water (Found ; C, 57-9 ; H, 3-5. C2oIIi40gS.5 requires 
C, o7-9; H, 3-3%). 

o-CarboxypTienyl 2-hydrojDy-oL-napMhyl sulphide^ 
Ci,Hg(0H)-S-CeH4-G02H, 

prepared from ^-naphthol, separated from alcohol in needles, m. p. 
237 % which became yellow on exposure to light (Found : C, 68-9 ; 
H, 4-1. CJ7H12O3S requires C, 68-9; H, 4-0%). 

The jdelds of the o-carboxyphenyl sulphides obtained from the 
process are generally good and the method thus leads to a con- 
venient synthesis of hydroxythioxanthones. Examples of this 
application will be described in a future communication. 

Kikg's College, London, [deceived, October 10^, 1928.] 


CCCLXXIX . — The Interaction of Ethyl Acetoacetate 
with Distyryl Ketones. Part I F. Selective Addition 
to Unsymmetrical Chlorodistyryl Ketones. 

By IsinoR Morris Heilbron and Rowlan’d Hill. 

It was shown in Part III (Heilbron and Hill, J., 1927, 918) that when 
ethyl aeetoacetate was condensed with o-hydroxychlorodistyryl 
ketones, the ester invariably attached itself to the ethenoid linkage 
adjacent to the o-hydroxyl, irrespective of the position of the 
chlorine atom in the opposing styryl residue. These results were 
unexpected, as in ketones of this type the double bond vicinal to 
the chlorine-containing styryl residue must, if direct addition 
occurs, be the more reactive owing to the development of a positive 
charge at C- (I) due to the capacity of the chlorine atom to act as an 
attractor for electrons. 



The addition of ethyl acetoacetate to the three isomeric mono- 
chlorodistyryl hetones and also to 2 : 3'-, 2 : 4'-, and 3 : 4:' -dichloro- 
distyryl ietmes has now been studied in the hope of arriving at sorm 
general idea of the effect of the position of the halogen atom 
the activation of the ethenoid linkages in a series of compoii 
from the possible disturbing influence of an ortho-hydroxyl j 
The preparation of the monochlorodistyryl ketones 
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>! comldearaHe (Sfficnity owiia^to ilm ewwitli styryl methyl 
ketone omAsmed with the ^oroeld^^ee, giving »high-meltiQg, 
ibrnocphons polymez^tion products in j^es^ee ol ainjiplic sodium 
The desired results were ultimately attamed.by employing 
^ery low coneentratioiis of aUkidi, aaie(X)rd0d hi table : 


Hetcsie. Aldehyde; 

Methyl styiyl o-Chlope- 
l^tose b@s^Balde- 

hyde 


A&tli oioii^tMiiosi (NaO£t), 


Amdri^* ‘ ' 


solids 


ICetesie 



-V‘- 

Aidbl Aldol 


Xb ail cases the aldois eouM be quantitatively converted info the 
distyzyl ketones on treatus^t with boiliag acetic anhydride. 

It was found impossible to obtain the dichlorodistyryl ketones by 
alkali cond^tii^ticms owing to the extraordinarily easy fission of the 
BlMedbloroeiyryl methyl k^ses in presence of alkali. For 
instaiijce^t S-ohlmostyxyl methyl ketone and -m-chlorobenzaldehyde 
reacted in presence of 0-05 mol. of aqueous alkali^ y^diog, not the 
anticipated 2 : 3^-dicM<mdi^yryl ketone, but tUil symmetrical 
2 : a reaction obvioisdy due tli fission of the 
reacting monostyryl ketocie (oompare Hebron £md Buck, J., 1921, 
119, 1506). The desired cMmpoim^ WpiB alB obtained as crystalline 
halochromic salts by condca^tjon in presence of dry hydrogen 
cUoride at 0*. 

Jlie addition of ethyl aoetoaoetate to, the distyryl ketones oiSered 
no special difficulties when the reactai^^ w^ ^ndensed in prince 
^ akqholic sodium ethojdde (0*1 mol.). W|^ 

qhtaii^ in ci^stalline form. (%aly 
^ase exo^t 2-chlorodi5tyTyi 

isommc c^peiohexenones (m. p. 137^ and 1(^9°), These 

t#iif compounds had not resulted by addition cd the est^ to both the 
adenoid linkages yielding eAyl 

(II) and ethyl S-o-chloibplimyl-fi^ 
A^^yf@kdi6xen4-one-2-^ (III), for on oxidation both 

COaEt<5H-CO-^H CX>jEt-CH-C<>-(lH 

(o.) CgH4a<jH*CH,-c-cH (in.) 

C^^a-HC HiHC 

€MdilorobeiiiKOic acid without any trace of benzoic 
atAk may possildy be position isomerides. Of 

these, iliiet|N|^iS|N^ cpclohexeoone has probably the formula 
ascribed id eihyl {y-keto-’Oc-phenyUs-^-eliJoro^ 

jphei^A^- peftlgi ig d^ ^ (IV) with sodium ethoxide readily 
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this product. On the other hand> the lower-melting isomeride, 
which is obtained oxdy in poor yield, may be formed from the enolic 
form of (IV) — a reaction which is reminiscent of the coumalobenzo- 
pyran formation (Heilbron and Hill, loc, cit .) ; subsequent loss of 
water would then yield ethyl 3 -pAe»^Z- 5 -o-cJIofoai 2 /^J-A*-cycloAea!re?i- 
i-one-2-car6oscyi<»fe (V), Alternatively, it is equally possible that the 
two compound are stereoisomerides. 

COgEt-CH-OO-CHs COgEt-OH-COOHa 

«EV,) Ph-CH<IH2-CO-CH Ph-GH-CHrack (V.y 

CeH4ChHC 

None of the cj^hexpiones described in this communication 
produces the blood-red coloration with concentrated sulphuric acid 
originally observed by Borsche {Anuboden, 1910, 375, 145) and 
considered indicative of ^^cZbhexenones of this t 3 q)e. 

The constitutions of the ci/clohexenones were determined by 
oxidation with potassilpt ^permanganate in acetone solution (HeU- 
bron and Hill, foe, ciL), Each mono-substituted cycZohexenone 
yielded the corresponding ehlorohenzoic acid, and the fact was thus 
established that, irrespective of the position of the chlorine atom, the 
ethyl acetoacetate enters the molecule at the ethenoid linkage vicinal 



2866 HEILBKOX A2fl> HILL : THE ISTEEACTIOiSr OF 

the Tinstibstituted styryl residue, as carbon atom now forms the 
terminal atom of the tme ‘"crotonoid” system (compare Allan, 
Oxford, Eobinson, and Smith, J., 1926, 403). 

The question of the addition to the dichlorodistyryl ketones is a 
complex one. Here the inhibitions of phases b and b' due to the 
strong general effect of the halogen atoms must become very nearly 
equal. Consequently, the negative ester ion will attach itself to 
either or C® according as the one or the other is more strongly 
influenced by the position of the chlorine atom in the respective 
aromatic nuclei. The actual effect is well illustrated in the case of 
the chlorobenzoie acids, where the order is o>m>p as shown by 
then* dissociation constants {K = 0*132, 0*0155, and 0*0093, 
respectively). Exactly similar relationships apply to the cyclo- 
hexenones. For instance, 2 : 3'-dichlorodistyryl ketone forms 
ethyl Z-o-chlorophenyh5-m-€kIorostyryI-l^-cycl6hexen-l-one~2-carb- 
oxylaie, from which ??i-chlorobeiizoic acid is produced on oxidation. 
Similarly, the cycZohexenones formed from both 2 : 4'- and 3 : 4'-di- 
chlorodistyiyl ketones yield p-chlorobenzoic acid. 

Experimental. 

^CM^ro^^-hydroxy-^-phenyUlhyl Styryl Ketone. — A solution of 
stjryl methyl ketone (20 g.) and o-chlorobenzaldehyde (19 g.) in 
alcohol (150 c.c.) and water (100 c.c.) was treated with aqueous 
sodium hydroxide (5-5 c.c. of 1%: 0*01 mol.) and kept at 0® for 
several days. The yellow oil obtained, which solidified on vigorous 
scratching, formed long, colourless needles, m, p. 79 — 80® (yield, 
11 g.), after repeated crystallisation from absolute alcohol. By 
liberally seeding the reaction mixture with the aldol as soon as the 
condensate commenced to separate, the vield was increased to 
31 g. (Found: C, 71*4; H, 5*3. requires C, 71^2 : 

H,5*3%). 

2-Chlorodisiyryl ketone may be prepared directly as described above 
by increasing the alkali concentration to 0*03 mol. (16*5 c.c. of a 
1^0 solution). The separated pale yellow oil gradually formed a 
semi-solid mass (10 days), from which the aqueous layer was 
decanted. The residue was taken up in ether and, after removal of 
solvent from the dried extract, yellow crystals were obtained mixed 
with a viscous oil, which was removed by extraction with a small 
quantity of alcohol. The solid residue was crystallised repeatedly 
from absolute alcohol,- from which the pure he^e separated, in 
short yeSow needles, m, p. 82 — 83®, Alternatively, the ketone can 
readily be jaepared by refluxing the aldol. for 2 hours with acetic 
anhydride (Found : C, 76*2 : H, 6*1. CiyHi^OCl requires C, 76*0 : 
H, 4*9%). 
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Z-CJilorodistyryl ketone, prepared in an exactly similar manner to 
the 2-chloro-isomeride, separated from alcohol in large plates, 
m, p. 108 — 109® (Found : C, 75*6; H, 4-8%). 

4:-Chloro-^-hydroxy~?t-phenyUthyl Styryl Ketone, — solution of 
styryl methyl ketone (8 g.) and j)-chlorobenzaldehyde (7-5 g.) in 
alcohol (80 e.c.) and water (60 c.c.) was treated with aqueous sodium 
hydroxide (8 c.c. of 1%) at room temperature. The yellow oil 
obtained, which solidified, was crystallised first from alcohol and 
finally from benzene, from which the aldol separated in colourless 
needles, m. p. 108 — 109® (Found : C, 71-2; H, 5-3%). On treat- 
ment of the aldol with acetic anhydride in the usual w'ay , an excellent 
yield of 4-chlorodistyryl ketone was obtained, which crystallised 
from alcohol in glistening, pale yeUow leaflets, m. p. 134®. The 
distyrjd ketone may also be prepared directly from its constituents 
if the concentration of the alkali be increased to 0-5 mol. This 
substance has previously been obtained by Straus and Blankenhom 
(Annalen, 1917, 415, 256), but working under their conditions, we 
have only succeeded in isolating the aldol. 

2 ; Z' -DichlorodiMyryl Ketone, — 2-Chlorostyryl methyl ketone 
(20 g.), iirepared by Vorlander’s method (Annalen, 1897, 294, 291), 
and m-chlorobenzaldehyde (15-8 g.) were dissolved in dry ether 
(60 0 . 0 .) and saturated with dry hydrogen chloride at 0® ; heat was 
developed and the solution rapidly assumed a deep purple colour^ 
After the mixture had been kept for 3 days in the ice-chest, the 
crystalline, red, hajochromic salt was collected, washed with dry 
ether, and dissolved in boiling alcohol. The solution was then treated 
with sufficient sodium carbonate solution to discharge the red colour. 
After removal of precipitated inorganic matter, the yellow filtrate 
was diluted with water, and the precipitated distyryl keto7ie re- 
crystallised from aqueous alcohol. It formed long yellow needles, 
m. p. 67 — 68®, sparingly soluble in light petroleum, ether, and 
carbon disulphide (Found : C, 67-1 ; H, 3*7. CiyHi^OCL, requires 
C, 67-3 ; H, 3-9%). 

2 : 4:'~DichlorodistyryI ketone was prepared in a similar manner. It 
crystallised from alcohol in vellow needles, m. p. 109® (Found ; 
C,67-5; H,4-0%). 

Z-Chloro8tyryl Methyl Ketone, — K solution of ?»-chlorobenzaldehyde 
(20 g.) in acetone (100 g.) was diluted with water to 2000 c.c. and 


then treated with aqueous sodium hydroxide (100 c.c. of 10%). The 
mixture was mechanically shaken for 48 hours, the separated oil 


extracted with ether, and the solution dried. After removal^ 
solvent, the residual oil was distilled ; the portion, b. p. 171°/20 ^ 
slowly crystallised at room temperature, forming yellow 
m. p. 28 — ^29® (yield, 17 g.). The ketone is readily soluhte^S 
5 b2 ^ ^ 
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EihylZ-m-CMorophmyho-^<hlormtyryh$i.^-Q>yc\ohexe,n-\‘One-l‘Carb- 
oxylate, — 3 : 4' -Dichlorodistyryl ketone (8 gQ, dissolved in a mmimum 
quantity of absolute alcohol (200 e.c.), and ethyl acetoacetate (o g.) 
were refluxed for 15 minutes with sodium ethoxide (7*2 c.c. of a 
1% solution). After concentration of the reaction mixture, yellow 
ciystals were gradually deposited which were recrystallised from 
absolute alcohol. The purified cjc\6h€xe.nme separated in yellow 
prisms (6 g.), m, p. 122° (Found : 66-2 ; H, 5-1%), which dissolved 

in concentrated sulphuric acid to an orange-red solution. It is 
sparingly soluble in cold alcohol and carbon disulphide, readily 
soluble in acetone, benzene, and ethyl acetate. Oxidation gave 
j)-chlorobenzoie acid, m. p, 236 — 238°, which was identified in the 
usual mannier, 

2 : 2* -Dichlorodistyryl Ketone,. — ^2-Chlorostyryl methyl ketone (9 g.) 
and 7/i-chlorobenzaldehyde (7 g.) were dissolved in alcohol (60 c.c.) 
and the solution was rendered just turbid by dilution with water. 
Aqueous sodium hydroxide (10 c.c. of a 1 % solution) was added with 
vigorous shaking. The mobile yellow oil that separated was removed 
by extraction with ether and dried over anhydrous sodium sulphate. 
The oily residue left after removal of solvent was dissolved in ethyl 
acetate ; crystals were then slowly deposited. The crude substance 
was recrystallised first from alcohol and finally from ethyl acetate, 
giving yellow needles, m. p, 124° (Found : C, 67*0 ; H, 4-1 %), which 
were identified as 2 : 2 '-dichlorodist 3 Tyl ketone by comparison with 
a specimen of the ketone prepared in the usual manner. 

The University, Liverpool. [Received, August ZUt, 192S.] 


CCCLXXX . — The Heat of Adsorption of Oxygen on 
Charcoal. Part III. 

By Douglas McKie. 

Attempts are now described to refine the method of Blench and 
Garner (Part I; J., 1924, 125, 1288) for determining the heat of 
adsorption of oxygen on charcoal under various conditions of 
temperature and pressure, and to extend it to the general case of 
the measurement of the heat of adsorption of a gas on a soM surface. 
So far, only one case, riz., that of the adsorption of oxygen on 
charcoal, has been studied. The results obtained have already 
been summarised and their theoretical implications discussed in 
Part II (Gamer and McKie, J,, 1927, 2451). 

Component Parts of Apparatus. — Reaction vessel. The reaction 
vessel is shown on a large scale in Fig. 2 ; it consisted of a tube of 
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fused quartz, 40 cm. long and 2 cm. in diameter, open at both ends, 
the middle section being blo”wn out in the form of a cylindrical 
bulb. A, 10 cm. long and 4-5 cm. in diameter. Hollow, closed 
stoppers, and of “ Durosil ” glass were ground to fit the 
open ends. A continuous and rapid current of cold water was 
passed through each stopper via the tubes, D D, to prevent undue 
heating of the rubber grease used to keep the ground joints vacuum- 
tight. The stoppers were further protected from the heat radiated 
along the tube of the furnace by means of fused quartz plates, E R, 


Fig. 1. 



arranged inside the vessel, two being placed on each side of the 
bulb, one just level with the shoulders of the latter and the other 
on a level with the end of the furnace. The upper two were attached 
to the wires canying the container, K. The lower pair were joined 
as shown, one being fused to each end of a suitable length of quartz 
rod, and were supported on the lower stopper by a short limb < 
quartz, fused obliquely to the lower plate so as to rest clear i 
tube passing through the stopper. 

A tube was sealed through each stopper for the ad 
gas, thus ensuring even distribution to each end of i 
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charcoal in K. Through the upper stopper there were also sealed 
two tubes for carrying the wires of the thermocouple, E, each wire 
being sealed into its tube at a distance of about 3 cm. from the 
stopper. In the fusion of the glass around the metal, the wires 
became brittle at this point, where there was always a tendency for 
them to be bent, and in order to prevent this bending, glass cups, 
C C, were fused on to the tubes carrying the wires. 
After the wires had been sealed into the leads just 

r below the cups, the latter were filled with molten 
wax, which on solidification prevented any move- 
ment of the wires near the glass-metal joints. 

The charcoal, about 5 — 6 g., was supported in 
the container, K, of 200-mesh platinum gauze, 
suspended hr platinum wires from the glass hooks, 
XX, fused to the base of the stopper, S^. The 
top of the container was closed by a platinum lid, 
bearing an insulating H-tube, Q Q, of fused quartz, 
carrying the wires of the thermocouple. 

Furnace. The ordinary laboratory pattern of 
electrical furnace provided sufficient lagging for the 
reaction vessel to keep it at constant temperature 
during determinations at room temperature : in the 
experiments at higher temperatures, however, this 
fmnace was not suitable, as its temperature could 
not be maintained sufficiently constant owing to 
variations in the voltage of the mains, and the 
furnace F was therefore designed. It consisted of 
a copper cylinder, A (Fig. 3a), about 27 kg. in 
weight, 25 cm. in length, and 15 cm. in diameter, 
east with a central cylindrical bore, B, of 7*5 cm. 
diameter, which carried two concentric cylindrical 
quartz tubes of the same length as A. The inner 
of these had an internal diameter of 5 cm, and 
walls 0‘1 cm. thick. Along its whole length, a coil 
of nichrome wire (20 S.W.6,) was closely wound and 
securely fastened at the ends. This tube was placed 
inside the outer tube, of external diameter 7*5 cm. and wall thick- 
ness 0*7 cm,, and cemented into position by packing the amiular 
space with alundum cement. The whole arrangement, shown in 
Fig. 3(6), was then passed into the bore of the copper cylinder, a 
thin layer of asbestos paper being placed between the copper and 
the quartz. The ends of the coil were connected via an adjustable 
series resistance with the 220- volt main. This coil was used to 
maintain the reaction vessel at 950® during the activation of 
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the charcoal. The reason for its special construction appears 
below. 

The copper cylinder was wound on the outside with two sub- 
sidiary coils of nichrome ribbon, OdoSS cm. by 0*0127 cm., each 
passing along its whole length, as shown in Fig. 3(c), and each 
having a resistance of about 45 ohms. Insulation between the 
copper and the coils was provided by a layer of asbestos paper. 


Fig. 3* 



The copper cylinder, etc., was then mounted on a fire-brick, E, 
2-5 cm. Mgh, in which a hole had been drilled of diameter equal to 
that of the bore of A, and placed in a rectangular tin, K, of cross- 
section 20 cm. by 20 cm. and height 30 cm., as shown in Fig. 3(d). 
The hollow portion, G, was packed with asbestos wool ; H consisi^ , 
of asbestos boards with circular holes to correspond to the bore 
the top of A. 

The subsidiary heating coils were used during the det 
of heats of adsorption at temperatures above atmc 
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means of them, the copper cylinder was heated to the temperature 
of experiment, both coils carrying current and being separately 
connected via adjustable series resistances xrith the 220- volt main. 
The temperature of the cylinder was controlled by means of a 
mercury-in-glass (hard) regulator, the bulb of which was placed in 
the hole, D, drilled in the copper, as shown in Fig. 3(a) and (d). 
This hole was 1*25 cm. in diamet^ and 12-5 cm. long, and the bulb 
of the regulator was constructed so as to fill it as exactly as possible. 
The regulator operated an electromagnetic relay, so arranged as to 
‘‘ break ’’ the current through one of the subsidiary coils, if and 
when the temperature of the copper exceeded that desired. Thermal 
contact between the copper and the glass bulb of the regulator was 
improved by an intermediate film of B.P. paraffin. This system 
of regulation maintained the temperature constant to within 

0*05" at lOO'^ and ± 0*10= at 200". 

The purpose of the several coils will now be clear. The main 
coil was designed to carry 10 amps, and thus to provide rapid 
heating of the reaction vessel to the temperature of activation. 
The subsidiary coils carried currents of | — 1 J amps. Such currents 
gave small fluctuations of temperature in a furnace of so large a 
thermal capacity. The smaller current was always less than 1 amp., 
and was therefore such as to be easily broken by the relay. These 
subsidiary coils could not be used for activation at high temperature : 
heating was too slow, and the coils wore out under such drastic 
usage. Further, if the copper was heated to 950°, considerable 
oxidation occurred ; hence the main coil was introduced for the 
preluninary activation. The lagging effect produced by the thick, 
outer, quartz tube was such that the temperature of the copper 
never rose beyond* 600 — 700° during the two hours when the 
reaction vessel was at 950°, and oxidation was so slight that after 
months of use scaling was inappreciable. Further, the temperature 
of the reaction vessel could be raised from 18° to 950° in 10 minutes. 

Pumping system. The pumping system consisted of a second- 
stage mercury -vapour diffusion pump, working under the backing 
pressure set up by a Hyvac ” rotary oil pump. 

Bamplin^ sysiem. The sampling system consisted of a second- 
stage mercoiy- vapour diffusion pump in series with a Topler pump, 
which allowed of the collection of a sample of gas from the reaction 
vessel after adsorption had taken place. The sample was collected 
in a capillary tube, where it was analysed as described below. 

Oaa bure^. The gas burette, V (Fig. 1), was the one described 
in Part I (p. 1291), and the same procedure was followed. 

Jfefhod of Meisoriing Increments of Temperature . — Changes of 
temperature produced by adsorption were recorded by means of a 
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platimim-platmum-rhodiiim thermocouple, of ^rhich the “ hot 
junction, E, was embedded in the charcoal as shown in Eig. 2, the 
“ cold ” junction being maintained at a constant temperature (that 
of the furnace tube) either by insertion in a Dewar vessel containing 
water at room temperature in the experiments at that temperature, 
or by being placed inside the tube of the furnace close to the bulb 
of the reaction vessel in the experiments at higher temperatures. 
The thermocouple system was connected in series with a rigidly 
mounted Moll galvanometer, the mirror of which was illuminated 
by a 100 c.p. Pointolite ’’ lamp, enclosed in a light-tight box, and 
so arranged that an image of a slit as a fine vertical line of light was 
reflected from the mirror on to the cylindrical lens of a clock-work 
camera. This lens focussed the line to a point image, the move- 
ments of which were recorded on bromide paper, wound on a 
moving drum. 

Calibration of Thermocouple , — ^The thermocouple was calibrated 
at 0° by means of two Dewar vessels, one containing crushed ice 
and water, and the other water at 3 — 4°. Calibration at 15° was 
carried out in the same manner by means of two samples of water 
at different temperatures near 15°. Similar calibrations were made 
at 60°, 100°, and 190° by means of a pair of baths at constant 
neighbouring temperatures. All temperatures were read on 
standard thermometers. The differential deflexions per degree 
were then plotted against the corresponding temperatures, and a 
smooth curve was drawn through the points obtained. From this 
the deflexion per degree difference of temperature could be read at 
any desired temperature. 

Correction for the ‘‘ Oa>8 EffectC ’ — The temperature-time curves 
obtained on the photographs were corrected for loss of heat by 
radiation as described later, but a further correction was necessary 
in the case of determinations at temperatures above atmospheric. 
This was due to the gas effect,"” which has already been described 
in detail (Part I, pp. 1291 — ^1292) — ^briefly, it is that rise of tem- 
perature which occurs on admission of any gas, whether adsorbed 
or inert, to the hot, evacuated reaction vessel. The phenomenon 
is largely due to the gradient of temperature inside the vessel 
between the walls of the latter and the thermocouple, this gradient 
being caused by convection currents in the reaction vessel. At 
very low pressures, heat is conducted away to the ends of the vessel 
by convection more rapidly than it is conducted inwards to E 
from the walls of A (Fig. 2). 

This effect was allowed for as follows . Argon, purified as 
later, was admitted to the reaction ve^el from the gats t 

such amount that it gave in that vessel a pressure appro^wS#®;^ 
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equal to that which obtained there after the adsorption of oxygen 
in the experiment to which the correction was to be applied. The 
rise of temperature occurring on admission of argon, z.c., the gas 
effect,” was measured photographically as in the method previously 
described. The experiments showed that the temperature rose 
slowly, taking several minutes to attain its maximum, and then 
remained at a steady level, say, x units higher than the original 
temperature. It could be restored to that value only if and when 
the argon was removed by evacuation. The actual increment of 
temperature due to adsorption of oxygen was therefore taken to 
be the difference between or and the rise of temperature occurring 
when adsorption of oxygen took place. Similar experiments with 
argon were made at the various pressures and temperatures at 
which experiments with oxygen took place, and the corrections 
thus determined were applied to their respective experiments. 

Complete Apparatus . — The assembled apparatus is shown in 
Fig. 1 . On oue side the reaction vessel was connected via tap 
with the bottle X (see below), and thence with the McLeod gauges, 
and Go, which in turn were eoimected with the pumping system 
by means of the tap T^ ; and on the other side it was connected 
with the pumping system via tap T^^. A further tap, was 
inserted between tap Tj and the reaction vessel. Tap T 2 comiected 
the reaction vessel with the gas burette. At a suitable point the 
sampling system was connected to the main apparatus by way of 
tap T 4 . Save for the stoppers and Sg, the glass parts of the 
apparatus were of soft glass. Junction between the soft- and hard- 
glass parts of the apparatus was effected through ground joints, not 
shown in the diagrams. 

Ydume of the Apparatus . — ^The volume of the apparatus was 
determined by admitting a measured amount of oxygen from the 
gas burette to that part of the evacuated apparatus between taps 
and T 7 , measuring the resulting pressure on the McLeod 
gauges, and then applying Boyle’s law. The value obtained applied 
only to determinations at room temperature, because in the other 
experiments the reaction vessel was at a higher temperature, and 
the consequent thermal expansion of the gas led to an apparent 
decrease in the volume of the apparatus. To allow for this, the 
apparent ” or equivalent ” volume of the apparatus (see Part I, 
pp. 1291 — 1292) was determined by the method just described with 
the reaction vessel at various temperatures, carbon being absent. 

MaUrials , — Oxygen was obtained by heating pure potassium per- 
manganate and was dried by passage through phosphoric oxide. 

The charcoal consisted of those particles of the vegetable charcoal, 
*‘Norit,” which were sieved by the 100- and screened by the 
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loO-mesh sieve. This portion was repeatedly boiled with hydro- 
chloric and hydrofluoric acids to remove lime and silica, the ash 
content being thereby reduced from 7®o and all traces 

of lime removed. 

The argon was obtained from a sample containing about 6% of 
nitrogen and traces of oxygen and of the rare gases. For our 
purposes, this last impurity could be ignored. Nitrogen was 
removed by a modified form of the method of Rayleigh and Ramsay 
iPhiL Trans., 1895, A, 186 , 197), the confining liquid being mercury 
instead of weak alkali. The author’s thanks are due to Dr. M. W. 
Travers, F.R.S., who very kindly constructed the necessary appar- 
atus, directed him in the technique of the process, and purified a 
large sample of the argon used. The nitrous gases formed were 
absorbed by a layer of aqueous caustic soda solution floating on 
the mercury. Excess of oxygen was subsequently removed by 
ignited phosphorus. Possible traces of phosphorus vapour were 
then condensed by cooling with solid carbon dioxide and alcohol. 
As a test of its purity, 1 e.c, (N.T.P.) of the argon -was admitted at 
room temperature to 5 g. of charcoal previously activated at 950® 
in the usual manner. No measurable rise of temperature occurred, 
and the residual pressure indicated that only a negligible trace, if 
any^ of the argon could have been adsorbed. 

MeiJiod of 

This can best be followed by reference to Fig. 1, About 5 — 6 g. 
of the purified charcoal were heated in the reaction vessel by means 
of the furnace, F, for 2 hours at 950° under the high vacuum set up 
by the pumping system. During this time, the vacuum progressively 
improved to a steady value of 0-002 cm., below which it could not 
be reduced while the high temperature was maintained. The tem- 
perature of the furnace during this activation was recorded by 
means of a platinum-platinum-rhodium thermocouple, B, operating 
a sensitive millivoltmeter, giving direct readings of temperature. 
At the end of the 2 hours, the current through the furnace was out 
off, but pumping was continued. As the temperature fell, the 
vacuum improved, and at 650° it was 1 x KH mm. All taps, 
except T^, were then closed. 

When the furnace had cooled to the temperature of the experi- 
ment, suitable currents were passed through the subsidiary heating 
coils, and the thennoregulator was adjusted to give the tempexatuio 
desired. When constancy of temperature had been obtained, or, 
the experiment was at room temperature, when the furnace 
cooled to that temperature, a measured amount of 
admitted from the burette through tap Tg to that seciioa^l^te 
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leading tubes between taps Ti, Tg, and and confined there by 
closing tap To. The shutter of the camera was then opened, and 
one minute later the gas was admitted to the reaction vessel by 
opening tap Tg. After the lapse of another minute (test experiments 
having shown the maximum temperature to be reached within this 
time), tap Tg was opened for 10 seconds for removal of a sample of 
the residual gas to that part of the apparatus between taps Tg and 
T 7 . The pressure of this gas was then read on the McLeod gauges. 
As indicated above, tap Tg was open during this sampling ; this 
tap connected the apparatus with the large bottle, X (of about 
litres capacity), which was incorporated in the apparatus to 
remove from the reaction vessel as much as possible of the gas 
remaining after adsorption, preliminary experiments having shown 
that the initial rapid process of adsorption was followed by a much 
slower one, in which the oxygen was gradually taken up over a 
period of several days. This immediate removal of the bulk of the 
residual gas greatly reduced the pressure in the reaction vessel, 
and therefore either arrested further adsorption after the maximum 
temperature had been reached or reduced it to negligible propor- 
tions, thereby giving the true cooling curve and so permitting 
accurate correction for loss of heat by radiation. 

WTien the temperature of the charcoal had fallen to its original 
value, the shutter of the camera was closed and the photographic 
record developed. At the same time taps and Tg were opened, 
and the residual gas was removed by means of the Topler pump for 
analysis. The apparatus was then evacuated to a pressure of 
1 X 1(H mm. without raising the temperature, after which a second 
admission of oxygen was made, and sometimes a third. After the 
last admission the charcoal was reactivated at 950'^ as before. 

The sample of residual gas, collected via the Topler pump in a 
capillary tube, was tested for carbon dioxide with an aqueous solu- 
tion of caustic soda, for oxygen with alkaline pjTogallol, and for 
carbon monoxide with ammoniacal cuprous chloride. The various 
contractions were measured in the usual manner and the com- 
position of the gas was calculated therefrom. 

in the removal of the bulk of the residual gas to the bottle X 
and the McLeod gauges, the tap Tg was opened for 10 seconds only. 
This interval of time was insufficient for the attainment of equal 
pressure throughout the apparatus, and therefore calibrations were 
made to find what equilibrium pr^sure corresponded to the pressure 
recorded by the gauges. The charcoal was removed from the 
apparatus, which was then evacuated to a pressure of 1 X 10^ mm., 
after which taps T^, T 4 . T„. and T 7 were closed. A measured 
sample of oxygen was admitted from the gas burette, and the same 
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procedure followed as in an actual experiment. After the pressure 
of the sample had been measured on the McLeod gauges, tap T 5 
was opened. When equilibrium had been attained throughout the 
apparatus, the pressure was again read on the McLeod gauges. 
Varying amounts of oxygen were admitted in this manner so as to 
obtain figures covering the range of pressure of the experiments 
carried out. Values of the equilibrium pressure were then plotted 
against corresponding values of the observed pressure, and a smooth 
curve was drawn through the points obtained. From this curve 
the pressure corresponding to any observed pressure could be read, 
and from this value and the known volume of the apparatus the 
voliune of gas unadsorbed was then calculated. 

The volume of oxj’gen adsorbed by the charcoal was obtained 
by taking the difference between the volume admitted and that 
imadsorbed. Reduction of this volume to standard temperature 

Fig. 4. 



was made in the final calculation. The correction in the volume 
necessary in determinations of the heat of adsorption at tem- 
peratures higher than atmospheric has already been described. 

The photographic curves obtained in these experiments were of 
the form shown in Fig. 4, in which ordinates represent intervals 
of temperature, and abscissie intervals of time. The complete curve 
is represented by the thickened line, ABCD, During the interval 
of time from B to C, i.e,, the time taken to attain the maximum 
temperature, heat was being lost by the system through radiation, 
and to correct for this loss the line CD was produced backwards to 
cut the axis of temperature in the point E. The interval of tem- 
peratmre represented by BE was then taken to be the increment 
due to adsorption. 

In the calculation of the heat evolved, this increment was multi- 
pKed by the thermal capacity of the materials imdergoing tl^ 
increment, viz,, the charcoal and the platinum container, 
specific heats of platinum from 0 ^ to 200 '^ have been give^ j^gjJ i 
(J. Physical Chem,, 1917, 21, 345), who has also given 
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for graphite. As Weber iJPogg. Ann., 1875, 154, 557) has shown 
that the specific heat of wood charcoal over the rang^ 0 — ^226“ 
exceeds that of graphite by the ooixstant amount O-OOS, the following 
values were used in calculating thermal capacities : 

Specific heat (g.-cals.). 


Temp. 

Platinum. 

Graphite. 

■VVood-oharcoal. 

0° 

0*0310 

0*156 

0-159 

50 

0*031S 

0-195 

6*198 

100 

0-0323 

0*233 

0-236 

200 

0*0332 

0*298 

0-301 


The heat due to the adsorption of oxygen, i.e., the difference 
between the total heat Kberated and that due to the production of 
oxides of carbon {determined from the analyses of gaseous products), 
was expressed as kg.-cals. per g.-moL of oxygen adsorbed, the 
oxygen being corrected to standard temperature. No correction 
was necessary for deviations from Boyle’s law. 

In the experiments at temperatures above that of the room, 
correction was made for the ‘‘ gas effect ’’ by the method already 
described. 

Restdts. 

Heat of Adsorjytion of Oxygen on Charcoal at Room Temperature , — 
In Table I are the values obtained for the heat of adsorption of 
oxygen on charcoal at room temperature after activation at various 
temperatures from 750° to 950°, approximately the same amount 
of oxygen, about 1*5 c.c. (N.T.P.), being admitted in every case. 

Table I. 

Heats of Adsorption of Oxygen on Charcoal at Room Teminrature 
after Activation at Different Temperatures. 



Temp. 

of 

Temp. 

Oxygen 

Pressure of sample 
(mm.). 

Oxygen 

KiSs*» 

Heat 

Heat • 

Expt. 

activ- 

atiou. 

of 

expt. 

admitted, 

c.c. 

ots. 

corr. 

adsorbed, 

c.e. 

of 

teuiii. 

ovolred, 

g.-eals.. 

ncisorpt 

1 

950° 

20° 

1*545 

0*026 

0-051 

1*303 

2*89° 

3*61 

67 

2 

950 

20 

1*620 

0*035 

0*062 

1*325 

2*93 

3*66 

66 

3 

900 

19-5 

1*556 

0-053 

0*086 

1-147 

2-59 

3*24 

68 

4 

950 

20 

1*556 

0*040 

0-069 

1*228 

2*89 

3*61 

71 

5 

960 

20-5 

1*549 

0*047 

0-079 

1*174 

2*78 

3-50 

72 

6 

850 

20 

1*542 

0*094 

0*134 

0*905 

2*11 

2*64 

70 

7 

800 

21-5 

1*535 

0*130 

0*174 

0*709 

1*59 

2*00 

68 

8 

800 

22 

1-478 

0*077 

0*117 

0*922 

2*19 

2*76 

72 

9 

750 

21 

1-556 

0*142 

0-186 

0*672 

1-59 

2*00 

72 

10 

950 

21 

1-474 

0*047 

0*079 

1*099 

2*52 

3-18 

70 

11 

800 

20-5 

1-492 

0*110 

0*153 

0*765 

1*78 

2*24 

70 


Mean molar heat of adsorption = 70 Cals. 


Note . — The experiments were carried out; in the order shown, with 
intermediate activations at 950° to ascertain whether any decay in the activity 
of the charcoal had occurred. Mass of charcoal = 6-90 g. Mass of platinum 
« 6*665 g. All volumes are referred to normal pressure and room temperature. 





OF 

OXYGEN ON ( 

DHABCOAL. PAST HI. 


2881 





Table II. 





Heats of Adsoy'ption of Oxygen 

on Charcoal at Room Temperature 




after Activation at 

; 960°. 








Pressure of sample 






Temp. 

Adm. 

Oxygen 

(mm.), 

OxTgen 

Rise 

Heat 

Heat of 


of 

i, ii, 

admitted, 


— V adsorbed, 

of 

eTOlred, 

adsorption, 

Expt. 

expt. 

oriii. 

c.c. 

obs. 

corr. 

C.C. 

temp. 

g.-cals. 

Oals./mol. 



Volume of oxygen admitted = 

0*5 c.c. 

(approx.). 


12 

20*5° 

i 

0*639 

0*006 

0*016 

0*563 

1*17° 

1*39 

59 

13 

21 

ii 

0*604 

0*010 

0*024 

0*490 

0*93 

1*11 

55 

14 

20*5 

i 

0*586 

0*001 

0*004 

0*567 

1*21 

1*44 

61 

15 

16' 

i 

0*519 

0*003 

0*008 

0*481 

1*07 

1-24 

61 

16 

16 

ii 

0*533 

0*033 

0*059 

0*253 

0-50 

0*58 

54 

17 

15 

iii 

0*526 

0*047 

0*078 

0*156 

0*18 

0*21 

32 



Volume of oxygen admitted = 

1*0 c.c. 

(approx.). 


18 

21 

i 

1*172 

0*032 

0*059 

0*892 

1*90 

2*26 

61 

19 

21*5 

ii 

1*137 

0*051 

0*083 

0*743 

1*45 

1*73 

56 

20 

22*5 

iii 

1*119 

0*114 

0-157 

0*373 

0*52 

0*62 

40 

21 

IS 

i 

1*098 

0*005 

0*013 

1*036 

2*24 

2*64 

61 

22 

18 

i 

1*119 

0*007 

0*017 

1*038 

2*31 

2*73 

63 

23 

18*5 

ii 

1*084 

0*077 

0*117 

0*528 

0*93 

1*10 

50 

24 

17 

i 

1*006 

0*008 

0*019 

0*916 

2*11 

2*47 

64 

25 

21 

i 

1*119 

0*004 

0*013 

1*057 

2*21 

2*63 

60 



Volmne of oxygen admitted = 

1*5 c.c. 

(approx.). 


26 

18 

i 

1*563 

0*014 

0*033 

1*406 

3*45 

4*07 

60 

27 

18 

i 

1*510 

0*024 

0*048 

1*282 

3*17 

3*74 

70 

2$ 

19 

ii 

1*645 

0*118 

0*161 

0*780 

1*72 

2*03 

62 

29 

19 

i 

1*517 

0*027 

0*051 

1*275 

3*07 

3*62 

68 

30 

19 

ii 

1*482 

0*086 

0-126 

0*892 

1*90 

. 2*24 

60 

31 

19 

iii 

1*492 

0*179 

0*224 

0*428 

0*62 

0*73 

41 

32 

19 

i 

1*663 

0*027 

0-052 

1*306 

3*31 

3*91 

72 

33 

19*6 

ii 

1*646 

0*147 

0*191 

0*638 

1*41 

1*66 

62 

34 

20 

X 

1*531 

0*020 

0*042 

1*331 

3*34 

3*94 

71 

35 

20*5 

ii 

1*563 

0*150 

0*194 

0*641 

1*38 

1*64 

62 

36 

19*5 

i 

1*638 

0*020 

0*042 

1*338 

3*21 

3*79 

68 

37 

18*5 

i 

1*492 

0*017 

0*038 

1*311 

3-17 

3*74 

68 

38 

18 

i 

1*538 

0*030 

0-066 

1*272 

3*28 

3*87 

73 

39 

18*5 

ii 

1*482 

0*108 

0*152 

0*760 

1*66 

1*96 

62 

40 

18 

i 

1*546 

0*028 

0*053 

1*293 

3*34 

3*94 

73 

41 

18 

ii 

1*560 

0*156 

0*200 

0-610 

1*28 

1*51 

50 

42 

20 

i 

1*486 

0*028 

0*053 

1*234 

3*10 

3*66 

71 

43 

19 

i 

1*496 

0*035 

0*062 

1*201 

2*93 

3*46 

70 

44 

15 

i 

1*510 

0*049 

0*081 

1*125 

2*93 

3*40 

71 

45 

17 

i 

1*492 

0*047 

0-078 

M21 

2*89 

3*38 

72 

46 

21*5 

i 

1*439 

0*048 

0*079 

1*064 

2*59 

3*08 

70 

47 

20-6 

i 

1*538 

0*041 

0*070 

1*205 

2*90 

3*46 

69 

48 

21*5 

1 

1-439 

0*043 

0*073 

1*092 

2*69 

3*19 

71 



Volume of oxygen admitted — 

2*0 c.c. 

(approx.). 


49 

20-5 

i 

1*990 

0*058 

0 092 

1*553 

3*86 

4*59 

71 

50 

21 

ii 

1*986 

0*267 

0-3H 

0*608 

0*83 

0*99 

47 ~ 

51 

21*5 

i ' 

1*979 

0*069 

0-106 

1*476 

3*69 , 

4*27 

70 . 

52 

22 

ii 

1*990 

0*255 

0-299 

0*570 

0*83 

0*99 




Volume of oxygen admitted = 

2*5 c.c. 

(approx.). 


53 

20 

i 

2*441 

0*090 

0*130 

1*823 - 

4*55 

6-87 


54 

20 

ii 

2*39$ 

0*348 

0*392 

0*536 

0*83 

0-98^ 


Note. — ^The results tabulated here 'were obtained in two series 


in one of which 5*58 g. of charcoal were used. 

. and in the other 


of platinum ^ 

= 6*665 g. All volumes are referred to nonnal pi 


Hdfroom 

temperature. 
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In Table II are the values for the heat of adsorption of amounts of 
oxygen varying from 0*5 to 2-5 c.c. (N.T.P.), the temperature of 
activation throughout this series being 960°, this temperature 
having been shown by Rhead and Wheeler (J., 1913, 103, 467) to 
be necessary for the removal of the oxygen adsorbed at lower tem- 
peratures. The results of Table II are summarised in Table III. 
In the column headed Adm.,” the figures i, ii, and iii indicate 
whether the admission of gas was a first, second, or third, respec- 
tively. In view of a result subsequently to be described, no correc- 
tion was necessary for the heat developed by the formation of oxides 
of carbon at the temperature of these experiments. 

A separate sample of charcoal was used for each series, and in 
the second series the charcoal was once replaced by a fresh sample : 
no difference was observed in the results obtained. The experiments 
of Table II were not performed in the order shown. The first experi- 
ments were made by admitting 1*5 c.c. of gas; after this, 2*0 c.c. 
and 2*5 c.c. were admitted, followed by several admissions each of 
1*0, 0*5, 1*0, and 1*5 c.c. ; then admissions of 1*5 c.c. alternated with 
1*0 c.c., and, finally, the series closed with an admission of 0*5 c.c. 


Table III. 

Jdean Values of the Heat of Adsorption at Room Temperature after 
Activation at 950°. 

Mean heat of adsoiption, Cals. /mol. 

Approx, volume of oxygen 
admitted, c.c. at N.T.P. 

0*5 
i’O 

1- 5 

2 - 0 
2-5 


(i.) 

(ii.) 

(iii.) 

60 

55 

32 

62 

53 

40 

70 

61 

41 

71 

45 

— 

71 

44 

— 


It will be observed from Table II that repeated adsorption of 
oxygen at room temperature, followed by repeated activation at 
950°, appeared to have no destructive effect on the activity of the 
charcoal. After the standard activation, the same volume of oxygen 
was adsorbed and the same amount of heat was evolved even after 
30 such admissions and activations. All these results were closely 
reproducible. 

It was shown that no detectable amounts of oxygen were adsorbed 
on the quartz, glass, platinum, etc. (see p. 2886). 

In the earlier experiments of Table II the sample of gas was taken 
off one minute after admission of oxygen, because this was known 
to be the time required for the rise of temperature to reach its 
maximum. It was, however, suspected that adsorption might be 
more rapid than the temperature-time curves suggested owing to 
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the lag involved in the thermometric method. The gas was there- 
fore sampled at a much shorter interval after admission, first at 30^ 
then at 20, at 15, and finally at 10 secs. The order of the residual 
pressure showed that, with negligible difference, the adsorption 
had progressed as far in 10 secs, as in 1 min. Other measurements 
showed that the adsorption of the residual gas was very slow, e.g,, 
whereas 1-125 o.c. were adsorbed in 10 secs., leaving a residue of 

0- 175 C.O., only 0-066 c.c. of the latter was adsorbed in 48 hours. 
There was therefore a sudden adsorption of the bulk of gas, followed 
by a very slow disappearance of the residue. This rapidity of 
adsorption of a gas on a solid surface is in accordance with theoretical 
prediction and is characteristic of true adsorption. It has been 
observed by other workers, c.^., Angus Smith (Proc. Roy Soc., 1862 — 
3, 12, 424; 1926, A, 112, 296), in the case of oxygen on charcoal; 
McBain {Phil. Mag., 1909, 18, 918), for hydrogen on charcoal ; and 
Lamb and Coolidge (J. Amer. Chem. 8oc., 1920, 42, 1146), for various 
vapours adsorbed on charcoal. In the work of these authors, 
however, the time periods were of the order of a few minutes. 
Ehead and Wheeler (J., 1913, 103, 469), in the case of oxygen on 
charcoal, observed a rapid disappearance of gas in the first 15 secs., 
followed by a much slower rate. 

Attempts were made to desorb gas from the charcoal immediately 
after adsorption of oxygen. Such desorption would be indicated 
by a break in the continuity of the rearward slope, C© (Fig. 4), as 
shown by the broken line, FGK. For this purpose, the sampling 
system was employed, the procedure being as follows : A few 
minutes after maximum temperature had been reached, the tap 
was opened, and the reaction vessel rapidly evacuated. No break 
in the continuity of CD appeared. The adsorbed oxygen was 
therefore held so tenaciously by the charcoal that at room temperature 
it could not be removed under a vacuum of 1 x 1(H mm. 

The experiments of this series also showed that the time taken 
to attain maximum ttoperature in the case of first admissions varied 
with the amount of oxygen adsorbed. For admissions of 0-5 c.c. 
it was 2J mins., for those of 1-0 c.c. it was 2 mins., and for those of 

1- 5, 2-0, and 2-5 c.c., 1 min. The corresponding times for second 
and third admissions were increasingly greater than those for first 
admissions, but this was doubtless due to the gradual decrease in 
the energy of the charcoal surface. 

Some Experiments with Nitrogen . — ^Owing to a leak occurring 
during one of the experiments in the series just described, nitrogeai 
was detected in the gas which was removed from the 
vessel, and on this occasion a break appeared in CD (Fig: 
point corresponding to the time when the tap T^ V’as 
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the dotted portion, FGK, of the curve was experimentally realised. 
It was subsequently found possible to reproduce this break at will 
by admitting mixtures of oxygen and nitrogen. When pure 
nitrogen was admitted, however, no such break appeared. Thus, 
at room temperature neither pure oxygen nor pure nitrogen could 
be desorbed, but some gas, which proved to be nitrogen, was desorbed 
after a mixture of oxygen and nitrogen had been admitted. Some 
of the data obtained are quoted below, all the adsorptions taking 
place at room temperature after activation at 950°, and all volumes 
being reduced to 760 mm. and room temperature. 

(1) A first admission of 1*474 c.o. of nitrogen resulted in the 
adsorption of .0*293 c.c. ; from a second admission of 1*545 c.c., 
0*248 c.c. was adsorbed. The molar heat of adsorption was estim- 
ated at 38 and 19 Gals, respectively. In a third admission, of 
a mixture of 0*266 c.c. of nitrogen with 1*314 c.c. of oxygen, 
1*028 c.c. of gas were adsorbed. A break appeared in CD. 

(2) After reactivation, from 1*403 c.c. of nitrogen admitted, 
0*223 c.c. was adsorbed with a molar heat of 46 Cals. In a second 
admission, of a mixture of 0*551 c.c. of nitrogen with 1*225 c.c. of 
oxygen, 1*152 c.c. of gas were adsorbed. A break was noted in CD. 

(3) After reactivation, a mixture of 0*568 c.c. of nitrogen with 
1*354 c.c. of oxygen w’-as admitted. Of this, 1*284 c.c. were 
adsorbed. A break appeared in CD. In a second admission, ol 
1*567 c.c. of oxygen admitted, 0*436 c.c. was adsorbed. A break 
appeared in CD, which suggested that some of the oxygen adsorbed 
in the second admission had replaced the more firmly bound 
nitrogen, which pumping after the first admission had failed to 
desorb, and that this nitrogen could now be desorbed by pumping. 

(4) After reactivation, 1*538 c.c. of oxygen were admitted, and 
1*103 c.c. were adsorbed. Then 1*396 c.c, of nitrogen w^-ere admitted, 
and 0*265 c.c. vras adsorbed. No break appeared in CD. 

Consideration of the above data leads to the following comments 
on the respective experiments. 

(1) After a total of 0*54 c.c. of nitrogen had been adsorbed, 
1*028 c.c. of the mixed gases were still taken uj), although the 
highly active fraction of the surface was already saturated with 
nitrogen. 

(2) Although 0*223 c.c. of nitrogen had already been adsorbed, 
the charcoal still took up 1*152 c.c. of gas from the mixtiire of 
0*551 c.c. of nitrogen and 1*225 c.c. of oxygen, w^hich is more than 
would be expected in view of the previous admission of nitrogen. 

(3) Similarly in this case, the adsorption of 1*284 c.c. is 
unexpectedly high. 

(4) After adsorbing 1*103 c.c. of oxygen, the charcoal took un 
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even more nitrogen than in the case of the first admission in (2) 
above. 

It therefore follows that (a) nitrogen, like oxygen, is adsorbed at 
once on a clean charcoal surface, either in first or second admissions, 
and cannot be removed therefrom at the temperature of adsorption ; 
(5) when a mixture of oxygen and nitrogen is admitted, some gas 
can be pumped from the charcoal surface, irrespective of whether 
the mixture has been admitted to a clean surface or to one on which 
nitrogen has already been adsorbed ; (c) gas can also be desorbed 
from the charcoal surface in the case of an admission of oxygen 
following an admission of a mixture of nitrogen and oxygen ; (d) when 
nitrogen is adsorbed on a charcoal surface, on which oxygen has 
already been adsorbed, no gas can be pumped from the surface ; 
and (e) the amount of gas adsorbed from a mixture of oxygen and 
nitrogen appears to be greater than would be expected from what 
is known of the separate adsorptions of these gases. 

This phenomenon has not been thoroughly investigated, but the 
facts are sufiBciently apparent. There is some change in the 
stability of the adsorption-complexes, formed on the surface of the 
charcoal, when the oxygen is diluted with nitrogen. This point 
has already been discussed in Part II. 

Other workers have reported somewhat similar effects. De 
Saussure {Ann. Physik^ 1814, 47, 113) noted oases where the 
presence of a second gas increased the adsorption of a fitrst, and 
detected the replacement of one gas by another. The latter effect 
was also observed by Angus Smith (loc. cit). 

Heat of Adsorption of very Small Amounts of Oixyygen . — ^The results 
summarised in Table III indicated a decrease in the heat of adsorp- 
tion with decrease in the amoimt of gas admitted. To test the 
possibility of this heat being still less for lower concentrations of gas, 
very small amounts of oxygen were admitted, and attempts 
made to determine their heats of adsorption. The experiments 
showed that at these low concentrations the oxygen was adsorbed 
completely without, as far as this apparatus indicated, any appre- 
ciable rise of temperature. A typical result may be quoted, all 
volumes being at normal pressure and room temperature. After 
activation at 950®, 0*036 c.c. wrs admitted at room temperature. 
When the gaseous contents of the reaction vessel were sampled 
according to the usual method, no increase in the pressure was 
recorded. The McLeod gauge stiU registered high vacuum. A 
second admission of an equal amount of gas gave the same resuite 
A third admission of 0*089 c.c. and a fourth of 0*071 
appreciable rises of temperature, with residues of unadsor ^ i^H 
of 0*001 and 0*003 c.c. respectively. Two further 
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confirmed this result. The first minute quantities of oxygen were 
therefore adsorbed with a very low heat of adsorption, which was 
apparently less than 5 Cals./moL 

Immediately following these experiments with small quantities, 
and after re-evacuation, 1-5 c.c. of oxygen were admitted. In all 
cases the normal value was obtained for the heat of adsorption, 
and no reduction in the adsorptive capacity of the charcoal was 
apparent beyond that due to the amount of gas already adsorbed. 

A test was made to determine whether the small amounts of 
oxygen had been removed by the platinum, quartz, etc. The 
charcoal was taken out of the apparatus and the process of activation 
carried out in its absence ; 0*036 c.c, of oxygen was then admitted, 
and the volume of the apparatus was calculated from the resulting 
pressure as recorded hy the McLeod gauges, but did not differ by 
more than the experimental error from the known volume, and thus 
showed that these small amounts of oxygen were adsorbed on the 
charcoal and not on any of the parts of the apparatus. 

Hmt of Adsorption of Oxygen on Charcoal from Boom Temperature 
to 200^. — ^In Table IV are the values obtained for the heat of adsorp- 
tion of oxygen on charcoal at various temperatures from room 
temperature to 200® after activation at 950® in each case. The same 
sample of charcoal was used throughout the experiments of this 
series : it was not so active as that used previously, e.g., at 20°, 
of 3*0 c.c, (N.T.P.) of oxygen admitted, only 1*4 c.c. were adsorbed. 
The heat of adsorption had, however, the same value as that pre- 
viously found for that temperature. 

The increment of temperature recorded in the table is the net 
increment of temperature due to adsorption, i,e., the difference 
between the (corrected) rise of temperature observed and that due 
to the gas effect.” The correction for the latter varied from 
0*25° to 0*30°, i.e,, it was of the order of 10% approximately. The 
values given for the heat evolved are corrected for the heat of 
formation of the amounts of oxides of carbon found by analysis, 
except in the experiments at 60° and 100°, in which analyses w^ere 
not made. This correction in the experiments at 150° and 200° 
amounted to 5% of the heat evolved. In Experiments 60 and 62 
the residual pressure was not read until some minutes after adsorp- 
tion had occurred, and in both these cases the tap T5 was left 
open, not for 10 seconds as in the usual case, but for several 
minutes until a constant pressure was recorded by the McLeod 
gauges. 

In these experiments it was found that at the higher temperatures 
the adsorption required about 1 min. for completion and therefore 
was not so rapid as at room temperature, where the adsorption 
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Table IV. 

Heat of Adsorption of Oxygen on Charcoal from Room Temperature 

to 200^ 






Pressure of sample 


Bise 

of 

temp. 

Heat 

evolved, 

Heat of 
adsorption, 
Gals./mol. 


Temp, 
of Cll8X~ 

Temp. 

Oxygen 

(mm.). 

Oxygon 

adsorbed, 

C.C. 

Expt 

coal. 

01 

room. 

aiXmiiff ed, 

C.C. 

obs. 

corr. 

g.-cals. 

55 

20° 

20° 

3*035 

0*298 

0*342 

1*397 

3*48° 

4*04 

70 

56 

57 

19 

1*073 

0*009 

0*023 

0*964 

2*81 

3*71 

92 

57 

57 

21*5 

1*066 

0*011 

0*027 

0*938 

2*63 

3*47 

89 









Meem 

= 91 

58 

96 

14 

1*066 

0*0008 

0*0023 

1*055 

3*33 

5*00 

112 

59 

97 

16*5 

1*059 

0*001 

0*003 

1*045 

3*28 

4*92 

112 

60 

97*5 

19*5 

1*130 



0*020 

1*036 

2*89 

4*34 

101 

61 

97*5 

18*5 

M23 

0*003 

0*009 

1*081 

3*22 

4*83 

107 

62 

97*5 

18*5 

0*995 


0*012 

0*939 

2*83 

4*25 

108 









Mean = 

= 108 

63 

150 

18 

1*038 

0*004 

0*012 

0*982 

2*92 

4*68 

114 

64 

200 

21 

1*073 

0*010 

0*024 

0*962 

2*67 

4*57 

115 

65 

200 

20 

1*059 

0*0078 

0*020 

0*967 

2*67 

4*65 

116 

66 

200 

20*5 

1*066 

0*0078 

0*020 

0*974 

2*71 

4*72 

117 


Mean —116 


Note . — ^Mass of charcoal = 5*45 g. Mass of platinum = 6*665 g. ’All 
volumes are referred to normal pressure and room temperature. 


here studied was complete in less than 10 secs. This may possibly 
be due to the blanketing effect of the oxides of carbon evolved. 

Gaseous Products of the Adsorption of Oxygen on Chmooat — ^The 
results of the analyses carried out in the experiments at 18®, 160°, 
and 200® were as follows : 


Temp, of adsorption. 
18° 

150 

200 


Gaseous products. 

Oxygen; trace of CO2; no CO. 

5% Oxygen; 95% CO.; trace of CO (?). 
9% Oxygen; CO^; 9% CO. 


There was thus residual oxygen over the whole range of tem- 
perature of these experiments. Carbon dioxide increased up to 
150®, and then decreased while the monoxide increased. 

The “ Active ” Fraction of the Surface of Charcoal — ^The active ” 
fraction of the surface of the charcoal used in these experiments 
may be estimated front the results of Table II. Its total surface 
was determined, from the isotherms of straight-chain alcohols 
adsorbed thereon (Garner, McKie, and Knight, J. Physical Chem,^ 
1927, 31, 641), as 66 sq. m. per g. The volume occupied by an 
atom of carbon in charcoal, is l/D iV'/12, where D is the density^, 
and N the Avogadpo number, 6-062 x 10^^. On insertion 
value for D obtained by Gude and Hulett ( J. Amcr. Chem^ 

1920, 42, 391), viz., 1*9, it is found that this volume is I x 
If, as a first approximation, this space be assumed 
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cross-sectional area corresponding to every atom of carbon is 
4-64 X 10“^® cm.2. The number of atoms on the surface of 1 g. 
of charcoal is, therefore, 66 x 10^/4-64 x 10“^® = 1-4 x 10^^. The 
total number of atoms in 1 g. of charcoal = JV'/12 = 5*05 x 10^. 
Therefore, the ratio of surface atoms to total atoms = 14 x 10^^/ 
5*05 X 1022, or 1 to 36. 

Table II shows that at the most 2 c.c. (N.T.P.) of oxygen can be 
adsorbed by 5*6 g. of charcoal with a molar heat of adsorption of 
the order of 70 Cals. On the assumption that every molecule of 
oxygen is adsorbed on one atom of carbon only, and since the 
number of molecules in 1 c.c. (N.T.P.) of oxygen is 2*7 x 10^®, the 
number of atoms per gram of charcoal giving a molar heat of 
adsorption of 70 Cals. = 2 x 2*7 X 10^®/5‘6 = 1*0 X 10^® (nearly). 
If these are regarded as active atoms, the ratio of active to total 
atoms is 1*0 x 10^®/5‘05 x IO 22 , or 1 in 6000, and the ratio of 
active atoms to surface atoms is 1*0 x 10^2/1*4 x or 1 in 140. 

This value for the active fraction of the surface is in qualitative 
agreement with the general results obtained by Langmuir, who 
found that these fractions were generally small, and that they 
increased with the temperature at which the surface was cleaned. 
Table I confirms this latter effect for the charcoal employed in this 
work, for it is there shown that the proportion of oxygen adsorbed 
at room temperature from a constant volume admitted increased 
steadily with the temperature of activation. The amount of gas 
adsorbed will depend, however, on two factors : (1) the temperature 
of activation, and (2) the efficiency of the process for removal of 
adsorbed gases. 

The activity of the charcoal used in these experiments may be 
compared with that of the charcoal used by Keyes and Marshall 
(J. Amer, Chem. 80 c,, 1927, 4fl, 156). From the curve obtained by 
plotting the heat of adsorption against the surface concentration of 
oxygen, these authors calculated that the active surface of their 
charcoal was 5100 cm.® per g. This value is in good agreement 
with that obtained in this work, viz,, 4700 cm.® per g. Keyes and 
Marshall, however, concluded that, at the highest concentration at 
which they w^orked (4*5 x 1(H mol. per g.), many layers of gas 
were present. Their highest concentration is equivalent to 4*5 X 
22400 X 10^ c.c. of oxygen per g. of charcoal, i,e,, 10 c.c. per g. 
From the value here recorded for the total surface area of 1 g. of 
charcoal, the number of molecules of oxygen necessary to form a 
unimolecular layer thereon is. 66 x Kfijn X (1*81 X 10“®)®, since 
the radius of the oxygen molecule is 1*81 A. (Jeans, “ Dynamical 
Theory of Gases ”) ; but the number of molecules in 1 c.c. (N.T.P.) 
is 2-7 X 10^2, hence the volume of oxygen required to form a uni- 
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molecular layer = 24 c.o. per g. of charcoal, or more than twice the 
highest concentration measured by Keyes and Marshall, There is 
thus no evidence in their work of the formation of a second adsorbed 
layer, or even of the completion of a first layer. Moreover, their 
experiments did not indicate that their charcoal was saturated. 

Summary, 

A method is described for measuring the heats of adsorption of 
gases on solid surfaces, and is applied to the study of the adsorption 
of oxygen and of nitrogen on charcoal. 

Det^s of a specially devised apparatus and furnace are given. 

In conclusion, the author wishes to express his thanks to the 
Advisory Council of the Department of Scientific and Industrial 
Research for a maintenance grant, which enabled him to carry 
out the earlier part of this work, and to Prof. W. E. Gamer for his 
constant help and direction during its progress. 
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CGCLXXXI . — The Ionisation of Aromatic Nitro- 
compounds in Liquid Ammonia. Part II. 

By William Edward Garner and Henry Frank Gillbe, 

The aromatic dinitro-compounds undergo ionisation in liquid 
ammonia at measurable speeds (Part I, Field, Gamer, and Smith, 
J., 1925, 127, 1227), giving rise to solutions the molecular con- 
ductivities of which are comparable in magnitude with those of 
typical electrolytes in this solvent. At moderately high dilutions, 
the ionisation is nearly complete. The rates of ionisation of the 
^-derivatives, as detennined by conductivity measurements, are in 
agreement with the equation for reactions of the first order, whereas 
those of the o- and ^-derivatives change in accordance with the 
equation for reactions of zero order. The m-compounds become 
faintly coloured immediately after solution, and blue or purple when 
the ionisation has reached its equilibrium value : the o- and p-deriv- 
atives are colourless imtially and yellow or brown at the end of fim 
ionisation. These colour changes are of interest in that 
accompany changes in conductivity and hence may be due 
production of ions. If the ions only are coloured, then it 
possible by measurements of the extinction coefficisitl^^^^^ 
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solutions to determine their concentration and to examine the 
relationship between ionic concentration and conductivity. 

The absorption spectra of the m-dinitro-eompounds show two 
bandsj one in the yellow and one in the near ultra-violet, both 
increasing in width as the ionisation proceeds. In the case of the 
first band, this increase is due mainly to a movement of the less 
refracted edge. This is seen in photographs (Fig. 1) of the absorption 
spectra of solutions of m-dinitrobenzene taken at various times after 
the preparation of the solution. The neon spectrum photographed 
on the same plate provides a means of measuring the change in the 
width of the adsorption bands with time. A simple relationship 
holds between the wave-length of the edge of this band and the 
conductivity, viz,, (Xq — • = constant, where and are the 

wave-lengths (in A.U.) of the edge of the band at the commencement 
of ionisation and at time t (in mins.), respectively, and iit ^ ihe 
product of specific conductivity (in mhos) and dilution at time t (see 
Table I). The dilution was in all cases 416-2 litres, and the values 


Tabdb I. 


w-Dinitrobenzene. 2 : 4-Di3aitrotoluene. 



^0 

= 4891. 



Ao 

== 6490. 


t 


At. (Afl 


t. 

iM* 

At. 

(Ao — Ai)//i<. 

10 

96-8 

4692 

309 

66 

71*9 

6116 

5-20 

13 

109 

4559 

3*04 

71 

75*6 

5100 

5-16 

17 

118 

4527 

3*08 

95 

89>0 

5035 

5-12 

20 

123 

4512 

3-08 

134 

104-6 

4948 

5-17 

24 

126 

4600 

3*10 

190 

118-0 

4868 

5-27 

29 

130 

4497 

3-03 

254 

126-0 

4826 

5-26 

36 

131 

4496 

3*01 

303 

130-0 

4806 



3 ; 4-Dinitrotolueiie. 



3 : S-Diiiitrotolueae, 


Aq 

= 4160. 



Ao 

= 5000. 


72 

1*55 

4515 

229 

16 

52-8 

4731 

6-10 

84 

1-72 

4552 

228 

20 

55*7 

4716 

5-10 

116 

2-18 

•4674 

235 

25 

68-8 

4702 

5-07 

160 

2*81 

4815 

233 

32 

61-5 

4689 

5-05 

217 

3-63 

4995 

230 

42 

62-8 

4680 

6-10 


of the specific conductivity are taken from the previous paper 
(tec. ciL), 

The above relationship between the change in the wave-length of 
the edge of iihe absorption band and the conductivity is readily 
understood if both of these properties are directly proportional to 
the concentration of the ions. The movement of the edge of. the 
band with change in concentration is not necessarily linear in 
character; the nature of the relationship depends on the type of 
photographic plate used and its sensitivity to light of different 
wave-lengths. The constancy of (Xq — Xf)/tJti is therefore very 
largely fortuitous. It does suggest, however, that both Xq — ■ X« and 



Fig. 1. 



\To face p, 2300 ,] 
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tij are very possibly directly proportional to the concentration of a 
coloured ion. In order to settle this point definitely, it is necessary 
to make measurements of the extinction coefficients of mono- 
chromatic radiation passing through the solution. These have now 
been made at constant temperature (at or near —35°) for a number 
of wave-lengths with w-dinitrobenzene, and at one wave-length for 
2 : 4-dinitrotoluene. 

The extinction coefficient JS may be defined by the equation 
I JIq = and if Beer’s law be assumed to hold for these solutions, 

from one value of c and measurements of I jl^ over a period of time, 
the change in concentration of the coloured substance can be 
followed. Such measurements are now described (see Experimental) . 

For this series of experiments, the concentrations of nitro- 
compounds were chosen in the region where ionisation is practically 
complete (94 — ^96%), and hence the final ionic concentration will be 
the same as the initial concentration of the nitro-compound. The 
concentrations (c, in mols./l.) of the coloured substance calculated 
from this value and from measurements of ///q are given in Table II. 
The ratio of conductivity 1^ to is constant. The conductivities of 
the solutions were measured between two platinum electrodes, and, 
in the case of 2 : 4-dinitrotoluene, simultaneously with the measure- 
ments of extinction coefficients. The cell constant was not 

Table II. 


m-Binitrobenzene. 



V = 

5880; temp. 

= - 34‘5®. 



10’ . ct.* 

V. 


hlct . 10-*. 

3 

974 

10,270 

876 

899 

6 

1301 

7,690 

1128 

867 

9 

1445 

6,920 

1310 

907 

15 

1587 

6,300 

1498 

944 

20 

1638 

6,110 

1545 

944 

25 

1660 

6,020 

1660 

939 

30 

1682 

5,950 

1570 

934 


* Mean of values at 4340 and 4192 A. 


2 : 4-Dinitrotoluene. 


V 

= 4170; temp. = 

- 34°; 

v = 

4340; 

temp. = ~ 

- 35-1°; 


A=: 

4660 A. 



A = 

= 4650 A. 


t. 

10’ . c,. 

It. 

Itict , 10-5. 

t. 

10’ . ct 

. h. 

ItfCt . 10-5. 

20 

620 

1082 

208 

20 

407 

985 

242 

40 

876 

1756 

200 

40 

773 

1810 

234 

60 

. 1236 

2590 

209 

90 

1342 

3284 

245 

90 

1436 

3072 

214 

120 

1534 

3842 

250 

120 

1820 

3612 

198 

150 

1748 

4270 

244 

150 

2040 

4012 

197 

190 

1919 

4656 

243 

190 

2140 

4430 

207 

230 

2064 

5050 

245 

230 

2268 

4784 

211 

270 

2110 

5242 

24^MiH 

270 

2240 

4896 

219 





300 

2330 

BE* ^ 

5050 

217 






5c 
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measxired, lieiice the values for the conductivity are given in 
arbitrary units. 

The concentration of the coloured substance as determmed from 
the extinction coefficients is directly proportional to the conductivity 
of the solution at aU stages during the process of ionisation. The 
colour of the solutions of m-dinitro-compounds is therefore due to 
the ions and not to any other substances formed during the ionis- 
ation; thus, the rate of production of the coloured ions in these 
compounds obeys the equation for reactions of the first order. 

The ions present in these solutions were shown previously to be 
the nitro-compound m the form of an anion, and positively charged 
ammonia molecules as kations. Since the colour varies from one 
nitro-compound to another, the coloured ion must be the anion. . 


Nature of the Ionisation in Solutions of Nitro-oorn^ounds in 
Liquid Ammmia. 

The majority of substances dissolved by liquid ammonia obey the 
law of mass action in their ionisation much better than those in 
aqueous solutions. The law of mass action holds fairly accurately 
for dilute solutions of liquid ammcmia (Kraus, ^^I^periies 
Electrically Couduoting Systems/’ p. d&). te applying theequations 
a) and — a) to Eranklin’s values of the 

molecular conductivity of m-dinitrobenzene in liquid ammonia, it is 
found that gives a much better constant than (Table III). 


Table III. 


V. 


A^. 

Aa X 10^ 

V. 

ft. 

A,. 

Aj X 10*. 

12-38 

45-7 

0-0044 

0-74 

188-4 

106-0 

0-0024 

0-06 

24-42 

63-35 

0-0032 

0-32 

380-0 

131-7 

0-0024 

0-04 

43-30 

71-6 

0-0036 

0-27 

762-0 

166-4 

0-0023 

0-02 

95-40 

90-2 

0-0030 

0-13 

1485-0 

179-9 

0*0024 

0-01 


The dissociation constant is very similar to that of typical 
binary salts in ammonia ; for ammonium chloride, K — 0-0016 ; 
for potassium bromide, K = 0-0022 ; and for potassium nitrate, 
K = 0-0017 (Erankhn and Kraus, Amer, Chem, J,, 1900, 23, 298). 
The evidence is thus in favour of the view that the ionisation of 
dmitro-oompounds in liquid ammonia is of a binary character. 

It was shown previously that one of the ions was in aR probability 
NHj**”*’ (or since no trace of any substance was detectable 

at the cathode either during or after electrolysis of a solution of 
m-dmtrpbenzene in ammonia. Hence it was suggested that the 
ionisation process was 

+ E(N02)„NH, S= R(NO,)a-- + (1) • 
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On the basis of the Lewis-Lai^inuir octet theory, it is more probable 
that the ammonia ion is NaHg++, and that the equation should be 

R(N02)2+2NH3J=B(N02)g.2NH8^R(N02)2"+N2H8+^- (2) 

Attempts were made to prepare the intermediate compound, 
E( 1 T 02 ) 2321 s[H 3 , which might be stable in the solid state. A vapour- 
pressure method was used at temperatures in the neighbourhood of 
—40®, but no evidence wjeis obtained for the existence of such a 
compound. It is, however, necessary to assume the formation of an 
intermediate compound during the ionisation process, otherwise it 
is impossible to explain the fact that the rate of ionisation of 
2 : 6-dinitrotoIuene, which is only ionised to the extent of about 
2% at 400 litres, obeys the first-order law. Equation (3) is therefore 
unlikely ; 

+ . ( 3 ) 

If this equation represented the course of the reaction, the occurrence 
of the preponderating reverse reaction would prevent a constant 
being obtained for the equation A = 1/^ . log^ a/(a — x). 

This applies to a less degree also to the other dinitro-compounds, 
which are not completely ionised at dilutions of 400 litres (compare 
Part I, loo, cit). Thus, we are driven to the conclusion that the 
stage in the reaction which determines the order is not the ionisation 
process, and therefore we postulate the formation of an intermefflate 
compound [stage (I), reaction (2)] * Whatever the nattpfe bf this 
reaction, since it obeys the first-order law, it must go to completion. 

In the previous paper, the equation 

i = l/i . logs — i*,) (4) 


where [le and axe the molecular conductivities of the solutions 
at the end of the reaction and at a time t, respectively, was applied 
to the changes in conductivity in solutions of nitro-oompounds. This 


equation is ohly strictly accurate, when applied to reaction (2), if the 
dilutions are suck that the ionisation is complete. When the 
ionisation is inmmplete, the conductivity is no longer an exact 
measure of the amount of intermediate compound produced, and 
equation (4) requires modification. If a« and oc# represent the 
d^ees of ionisation at equilibrium and at a time respectively, 
then the equation 






. . (5) 


* The critical increment of the reaction^ which is found to be 7,020 ito 
is that corresponding to chemical change rather than to an ionisatiod^^H 
for which a much larger value is probable. t 
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would be expected to be more nearly correct than equation (4). The 
values of a may be obtained from the specific conductivities of 
Eranklin by plotting k against a. Table IV shows the effect of 
applying equation (5) to the velocity measurements for m-dinitro- 


benzene. 

«. 

fi. 

K. 

Table IV, 

a. 

/x/a. 

k. 

k (Part I). 

10 

84-3 

0-404 

0-556 

152 

0-107 

0-140 

12 

89-4 

0-429 

0-542 

165 

0-106 

0-133 

16 

98-3 

0*471 

0*520 

189 

0-109 

0-131 

22 

106-0 

0-508 

0-500 

212 

0-114 

0-133 

10 

96-8 

0-232 

0-687 

141 

0-109 

0-132 

13 

109 

0-262 

0-660 

165 

0-116 

0-134 

17 

118 

0-283 

0-645 

183 

0-116 

0-132 

22 

123 

0-296 

0-636 

194 

0-112 

0-134 

24 

126 

0-302 

0-630 

200 

0-117 

0-129 


Eor those nitro-compounds which are ionised considerably in 
liquid ammonia, the use of equation (5) does not improve the 
constancy of &. There is, however, an appreciable source of error 
in interpolating from Eranklin^s results. Li the case of 2 : 6-dinitro- 
henzene, where the ionisation is much less complete, there is a marked 
improvement in constancy. To make this calculation, it is assumed 
that the conductivity at infinite dilution is the same for 2 : 6-dimtro- 
toluene as for m-dinitrobenzene. Such an assumption is justifiable, 
since the introduction of a methyl group into a heavy aromatic 
molecule would have but little effect on the mobility of the anion. 
The following results are thus obtained : 


t 11 54 108 162 

k 0-015 0-015 0-014 0-015 

(Part I) 0-028 0-021 0-017 0-015 


The very feebly ionised 2 : 6-dinitrotoluene gives a good constant 
when k is calculated from equation (5). The assumptions made above 
with respect to the mechanism of the ionisation process have been 
justified by all of the facts at our disposal. 

The values of k calculated from the measurements at higher 
dilutions, v = 4000, where a does not change appreciably during the 
reaction, agree within experimental error (see results for 2 : 4-di- 
nitrotoluene. Table VII). 

Thus equation (2) represents in a satisfactory manner the course 
of the reaction. The first stage is a slow reaction which goes to 
completion, and the second stage is rapid and proceeds to equilibrium. 
At moderate concentrations, the ionisation is not complete. The 
characteristic colour of these solutions is due to the anion, which is 
very probably B.(N02)2 — - There is a direct proportionality 
between the conductivity of the solutions and the concentration 
of the anion at any time during the course of the reaction. 
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Experimental. 

Preliminary Absorption Measurements . — ^Asimple form of apparatus 
was used consisting of a Kght-tight wooden box with a tightly fitting 
lid ; at one end was fixed a 250-c.p. Pointolite lamp, and at the other 
an unsilvered Dewar vessel of about 280 c.c. capacity, which could 
be wedged tightly against a hole of about 2 cm. diameter at the end 
of the box. The light passing through the Dewar vessel fell on the 
slit of a Hilger constant-deviation spectrometer. 

The Dewar vessel was nearly filled with liquid ammonia, and a 
known amount of nitro-compotmd added, either as a solid or in 
solution in 1 or 2 c.c. of ethyl alcohol. Photographs were taken after 
varying intervals of time on the same plate (Fig. 1). The addition 
of the nitro-compounds in solution ensured a greater rapidity of 
admixture, and the presence of a small quantity of alcohol did not 
affect the rate of ionisation. With the slit at 0*16 mm., and with 
Ilford Panchromatic plates, an exposure of J — 1 minute was found 
to be ample for the dilutions used. For ease in determining the 
edges of the absorption bands, a neon spectrum was photographed 
above and usually below each series of spectra. 

Although the plates were panchromatic, the intensity of the image 
obtained with the light passing through liquid ammonia alone was 
not quite uniform from one end of the spectrum to the other, 
especially m the green. The image was, however, sufficiently 
uniform for the purpose of the above measurements, since the 
movement of the edge of the bands occurred over a narrow region 
of the spectrum. 

Experiments were made with m-dinitrobenzene and 2 : 4-, 2 ; 6-, 
3 : 0 -, and 3 : 4-dinitrotoluenes at a dilution of 416-2 litres. The 
position of the absorption bands and the movement of the absorption 
edges with time are given in Fig. 2. The shaded regions show the 
absorption bands. 

One or two points of interest emerge from the spectrum-time 
diagrams (Fig. 2). AH the m-dinitrotoluenes and m-dinitrobenzene 
show absorption bands at about 3000 — 4000 A. In all cases the 
bands widen with time. The introduction of a methyl group in the 
meta-position to two nitro-groups (I and III) has hardly any effect 
either on the position or on the velocity of movement of the edge of 
the bands. If this group is ortho to one of the nitro-groups (IV), 
the band in the yeUow narrows; and if it is ortho to two nitro-^, 
groups (II), the band is narrower still. Nitro-groups ortho or 
to a methyl group have but little effect on the position of the 
violet band, whereas the introduction of a ^-nitro-group 
this edge towards the red and also causes the ^ppeari|f||^^^^ 




Wave-'ler^gth, A.TJ. 

1. m-BimiTd>esizene. 11, Q-Dimtrotolume. Ill, Zit-JOrnUroiolume, 
IV. 4crIHnUToiolumQ, V. Zi4^-l>initmtoluem, 

appeared to be coloured. Vaponx-pressure measurements made on 
solutions of both tbe m- and the o- and y-derivatives during the 
process of evaporation failed to ji^ld any evidence of the occurrence 
of such ikunpoonds in the solid state. A range of temperatures 
dovm to —48^ was covered. 

Critical Incremmt of Reactimi — ^Erom conductivity in^urements 
of solutions of m-dkdtrobenzene in liquid ammonia over a ran^ of 


Time (minutes). 
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temperatures, the critical increment of the reaction was shown to be 
7,520 cal. The corresponding velocity coeJScients were : 


Temp. -34*4“ -.39-3° -41*3® -44*5® 

k 0*176 0*133 0*116 0*087 


the wave-length corresponding to the energy of activation lies in 
the infra-red at 3*78 jx. The change was not accelerated by the light 
from a mercury- vapour lamp. 

Mmsurement of Eaiinction Coefficients . — ^To make measurements 
of extinction coefficients, it was necessary to enclose a known volume 
of solution in a vessel maintained at constant temperature and 
having optically worked windows at a known distance apart. The 
ffiaal form of the apparatus is shown in Fig. 3. The constant- 
temperature bath consisted of a welded, mild-steel tank, 8f measuring 
about 6" X 4" X 4", filled with commercial ammonia; is an 


Fig. 3. 



opening for a temperature regulator and air vent, T an opening for 
an alcohol thermometer, and A the air inlet. The temperature was 
controlled by regulating a stream of air, bubbling through the 
ammonia, by means of a relay and magnetic cut-off. The thermostat 
was heavily lagged with felt. 


The reaction vessel consisted of four parts, fitting into by 
means of a ground joint, and the end portions and Lg being 
attached to by means of guttapercha and separated by polari- 
meter plates, ig and projected some distance beyond the ends 
of the tank and their end plates prevented condensation of water 


vapour on the ends of during the measurements. Guttapercha 
was found to be the only suitable cement at —36® for attaching “ 
polarimeter plates; other adhesives either cracked at the 
temp^ature or were attacked by liquid ammonia. 

The tank was placed in position between a Hilgel^ 
deviation spectrograph and a light-tight wooden 
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a PointoKte lamp and a condensing lens system. The current 
through the lamp was maintained constant to 1 part in 500 parts. 
The width of slit found to be most satisfactory was 0d6 mm. 

The experimental procedure was as follows : (1) The tank was 
filled with commercial ammonia and the temperature adjusted to 
the required value. (2) The reaction tube was filled with pure 
ammonia. (3) A trial exposure was made in order to ensure that 
there was even illumination along the length of the collimator slit ; 
it was impossible to determine this visually. (4) A series of photo- 
graphs was taken with exposures varying from 5 seconds to 1 minute 
of that part of the spectrum at which it was intended to make 
measurements, with a neon spectrum above and below the series. 
During this operation the rest of the plate was screened with a thin 
piece of cardboard. (5) The dark slide was moved a certain distance 
horizontally, and the card screen removed. (6) A known volume of 
an alcoholic solution of the dinitro-compound under investigation 
was added to the reaction tube and the volume made up immediately 
to a mark on the vertical tube, L^, At this moment a stop-watch was 
started, and the first exposure made as soon as possible. A series of 
photographs was then taken over the whole period of the reaction — 
about 30 minutes in the case of m-dinitrobenzene — ^an exposure of 
1 minute being given in each case. As only 6 or 7 photographs 
could be taken on one plate, the earlier ones were taken at shorter 
intervals than those at the end of the reaction, since at the beginning 
the spectrum was changing most rapidly. Photographs were there- 
fore taken at about 2, 5, 9, 14, 19, 24, and 30 minutes from the 
commencement of the reaction. (7) Photographs of the neon 
spectrum were taken immediately above and below the reaction 
exposures. 

It was intended to make simultaneous measurements of the 
conductivities of the solutions, but owing to the short time taken for 
the reaction to go to completion, this was not always possible. The 
final experiments were made with 2 : 4-dinitrotoluene, which takes 
some 5 — 6 hours to attain equilibrium. In this instance, con- 
ductivity measurements could without difficulty be made simul- 
taneously with the photographs of the absorption spectra. In other 
cases, conductivity measurements were made separately. 

Measurement of the Plates . — ^The densities of the photographic 
images were measured by means of a thermopile connected to a Moll 
galvanometer with the usual lamp and scale. The apparatus 
constructed for this purpose is shown in Pig. 4, The thermopile 
(not shown) was fixed rigidly in the recess, iZ, in the wooden block, 

the leads being taken out through the sides of the block. Attached 
to the surface of the block was a sheet of blackened card, 0, having a 
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slit immediately above the thermopile element about 1 mm. wide and 
somewhat shorter than the width of one of the spectral images on the 
photographic plate. At a short distance above the slit was clamped 
a “Fullolite” lamp, L, surrounded by a blackened glass tank, J, 
having a clear circle at the bottom. A rapid stream of water at 
constant temperature could be circulated through the tank via the 
tubes T-y and This ensured the removal of infra-red radiation 
from the beam which reached the thermopile ; errors w’’ould other- 
wise have been introduced by the gradual heating of the apparatus, 
and by variations in the thickness of the glass plate, since glass shows 
marked absorption in the infra-red. 


Fig. 4. 



It was necessary to ensure that the same wave-length band would 
be measured for each of the spectra of a series, Le., that the movement 
of the plate necessary to bring successive spectra of a series over 
the slit was in a direction at right angles to the length of the spectra. 
This was accomplished by preparing a number of steel strips with 
accurately parallel edges and of known width, from about J" to 
2" wide. A steel straight edge was clamped to the block B in such a 
position that when the plate to be measured was moved with one 
edge always in contact with the straight edge, corresponding lines 


in the two neon spectra could be superimposed in succession on the 
slit above the thermopile element. Measurements of the spect 
images at the wave-length of this line could thus be carried out^ 
placing between the straight edge and the edge of the plate 
more of the steel strips, further series of measurements 
5c2 f 
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wa-Te-lengths coiild be made. In the figure, two of the steel strips 
are shown held in position by the clamp, V. P represents a plate in 
position for measurement. 

Knowing the rate of change of wave-length along the neon 
spectrum, together with the width of the steel strips used, the wave- 
lengths at which the measurements had been made could be cal- 
culated. Measurements were made at the same wave-lengths for 
the caKbration exposures as for the exposures made during the 
reaction. In all cases the galvanometer deflexions were taken as the 
plate was moved backwards and forwards above the slit. 

Having measured the densities of the images given by the cali- 
bration exposures and by the “ reaction exposures (at the same 
wave-lengths), one can calculate the fraction of light transmitted 
through the solution at any time. In the calculation which follows, 
it is assumed that the densily’ of the image is directly proportional 
to the total quantity of light energy falling on the plate, an assump- 
tion which, although not rigidly true, is approximately so over a 
certain range of exposures [compare Baly, Proc. Boy, Soc,, 1927, A, 
113, 711, for a critical investigation of the Schwarzsohild equation, 
D = klT^ ; the statement is there made that the results “ would 
seem definitely to establish that the Schwarzschild exponent 
(n) is unity ”]. In aU the measurements with w-dinitrobenzene, the 
calibration curves obtained by plotting time of exposure against 
galvanometer deflexion are straight lines over the range employed 
in the further calculation. 

In Table V are given the calibration figures for Plates I and II, for 
iw-dinitrobenzene ; T is the time of exposure in seconds, and under 
the various wave-lengths are given the galvanometer deflexions for 
each image. A is the intercept of the calibration line on the de- 
flexion axis, and 6/60 the slope of the line (in secs. /cm.) divided by 
60, a quantity which is required in the subsequent calculation of the 
extinction coefficients. 


Table V. 


Plate I, Plate II. 


T. Deflexions at A (A.U.). Deflexions at A (A.U.). 



4340. 

4192. 

4660. 

4140. 

4340. 

4192. 

4560. 

5 

169 

177 

60 

209 

276 

201 

144 

10 

151 

167 

37 

187 

254 

181 

127 

15 

130 

136 

26 

168 

— 





20 

114 

122 

15 

146 

217 

144 

96 

25 

92 

100 

6 

126 

194 

126 

80 

30 

76 

84 

4 

111 

180 

114 

61 

35 

60 

74 

3 

108 

166 

109 

47 

40 

— 


— 

— 

162 

106 

32 

A = 

188 

196 

62 

230 

296 

220 

162 

5/60 X 10« 

= 4387 

4387 

6945 

3970 

4167 

4386 

5051 



mrao-ooMPOTODS m liqttid ammonia, part ir. 2901 


Let jD = density of image, I = intensity of light falling on the 
photographic plate, and d = galvanometer deflexion due to the 
image. Then, for the calibration exposures 

.... ( 6 ) 

since on plotting T against d for the calibration exposures a straight 
line is obtained ; n refers to the number of seconds. In this case 
is constant and T variable. 

For the reaction exposures ” A == where is constant 
(= 60 secs.), and A ti# intensity of light transmitted by the solution 
at time varies as the reaction proceeds. Further, we may write 

...... (7) 

where A is the deflexion for the plate when exposed to light of zero 
intensity, and is necessarily the same as in equation (6). 

The quantity required is IJ/q, the fraction of the incident light 
transmitted through the solution at time t. From equations (6) 
and (7) 

dl)T fy 

Jo {A - 4)n ^ ^ 

But Tnl(A — d«) is the slope of the line obtained by plotting T 
against d for the calibration exposures, in sec. /cm. Putting this 
equal to 6, and substituting for =« 60 secs., we have ^ 

i,ii, ^b(A ^dijiQo . ( 9 )‘;; 

The extinction coeflSloient is. defined: by M the eqiaatie^i ' 

. (10) 

where I/Io is the fraction of light transmitted tj^ugh a, layer of 
solution of thickness and concentration c. 

If it be assumed that the reaction between the dinitro-compound 
and ammonia goes to completion, the concentration at equilibrium 
will be the concentration of the nitro-compound added initially, and 
the value of E can be calculated by taking the extrapolated value 
of I/Jq at equilibrium, and substituting the necessary values in 
equation (10). The figures obtained for E are given in Table VI- 
The extinction coefficient E being known, the change in concen- 
tration of the absorbing substance can be determined by trans- 
forming equation (10) thus 


c = -(W).log//Jo .... (11). 

and this gives the values of c appearing in Table VC (cols. 3 and; 

By substituting the calculated values of c in the unimU 
formula 

i s= 1/1 . loge ^ Cg) * 
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where Cq is the initial, and the equilibrium concentration, and Ct the 
concentration at time t, we obtain a similar velocity coefficient to 
that resulting from the conductivity measurements (see Table VI, 
cols. 4 and 7). The high initial values of h are probably due to 
difficulties in mbdng, but any error in the zero time would affect 
measurements of extinction coefficients and of conductivity equally. 

By interpolating values of the specific conductivity at the same 
temperature and times as the calculated concentrations, the molec- 
ular conductivities can be calculated. These are summarised in 
Table 11 : is the dilution, It the interpolated specific conductivity, 
and in the last column is given a value proportional to molecular 
conductivity, which is practically constant over the range of dilutions 
concerned. EranMin (Z. physiJcal. Chem., 1909, 69, 272) finds a 
change of only about 2% over this range of dilutions, which is less 
than the experimental error. 


The thickness of the solution was in all cases 3*83 cm., being the 
length of the middle portion Lj of the reaction tube (Fig. 3). The 
concentrations given in Tables VI and VH are in g.-mols. per litre, 
and the galvanometer deflexions, in mm. 

(1) m-lMnitrobenzene {Plcdes I and II ). — ^The alcoholic solution 
contained 0*1 g. of m-dinitrobenzene in 100 c.c. ; 0*1 c.c. of this 
solution was added from a pipette to the reaction vessel, the volume 
of which was 3*50 c.c. Since the molecular weight of w-dinitro- 
benzene is 168, the dilution of the ammonia solution was 5880 litres. 
In Tables VI and VII are given the results at a number of wave- 
lengths. For the extinction coefficient measurements, t is the mean 
time of the exposure ; when conductivity measurements were made 
simultaneously, the figure given is for a time mid-way between the 
beginning and the end of the exposure. 

In a further experiment at — 38® (Plate II) similar values of h 
were obtained. Tbiese are not given, since there are no data for the 
specifiic conductivity of w -dinitrobenzene at this temperature. 

(2) 2 : 4:-Dinitrotolue7ie . — ^The change in the intensity of the light 
falling on the plate was much greater than in the experiments with 
m-dinitrobenzene, since the reaction was followed over a greater 
range of concentrations. The range of exposures was so great that 
the Sohwarzschild relation, D = kl T, no longer held. It was 
therefore necessary to employ another method of calibrating the 
photographic plate. Dilute aqueous solutions of permanganate of 
known co^^trations (less than if/1000) were placed in the cell, 
and used to determine the manner in which the intensity on the 
photographic plate varied with the concentration of the solution in 
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OGCLXXXIII . — The Condensation of Chloral with 
Anisic Acid^ with 'p-Nitroanisole, and with 2:6- 


By IfeBDEBiCK Daniel Chattaway and Febnanbo Calvet. 

Many phenols substituted in the para-position readily condense with 
chlpril under the influence of concentrated sulphuric acid and form 
dpafivatives of 1 : 3-benzdioxin (Chattaway, J., 1926, 2720 ; Chatta- 
yWay and Calvet, J., 1927, 685; this vol., p. 1088; Chattaway and* 
X Morris, J., 1927, 2083). 

When, however, the formation of the heterocyclic benzdioxin ring 
is prevented by replacement of the phenolic hydroxyl by an alkyloxy- 
group, only one molecule of chloral reacts and a single ppp-triohloro- 
a-hydroxyethyl group, •CH(OH)-CCl 3 , is introduced into the nucleus 
in a position ortho to the alkyloxy-group. For example, anisic 
acid condenses thus to form 5-caf6oa^-2-meiAoa5y-l-pp^-^nc7iZoro-a- 
hydr(mydhylbmzem (I). 

This compound can be isolated during the first stages of the 
action. If, however, this be prolonged for many days, hydrogen 
chloride, which is slowly produced by the decomposition of some 
small amount of the chloral, replaces the a-hydroxyl group by a 
chlorine atom and the final product is 6-car6(?a^-2-weflioa:y-l-app^P- 
tetrcuMyroethylbenzene (IE). 


OMe 



0Qi«0HQ 


OMe OMe 

DH(OH)-COl3 ^ l^tCHCI-CCla 



Its constitution has been established by oxidising it with an alkaline 
solution of potassium permanganate; it then yields a mixture of 
6*tmboxy-2i-7nM}m^^ acid (III), which gives a very 

well-defined flmylhyirawm^ and acid (17), 

which on hydrolysis of its methoxy-group yields 4-hJrdroxyiso- 
phthalic acid. 

OMe OMe 

31 ., JE52V Aoo-oo^ ^ Aooji 

WaH COjiH 

(m.) (iv.) 

6'Carboxy.2-meth03gr4>§p^-trieHc)to-«'liydroxyei%ll 
whiob melts about 73° higber than the coraespaD«diag> 
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derivative (Chattaway and Calvet, J., 1927, 689), is a comparatively 
stable substance, the methoxy-group not being easily hydrolysed. 
When the substance is heated with concentrated sulphuric acid on a 
water-bath, hydrogen chloride is liberated and 4c'inethoxyi^ophth<ih 
aldehydic acid (’VI) is formed, probably by elimination of formic acid 
from the 5-carboxy-2-methoxymandelic acid (V) which must be the 
jSrst product of the hydrolysis. 

OMe OMe 

• (I.) ^ j^CH{0H)-C02H 

(V.) (VI.) 

p-Nitroanisole condenses with chloral in a similar manner in 
presence of concentrated sulphuric acid. When the action is pro- 
longed, o-7iitro-2-methoxy-l-cL^^^4etrachloroethylbmze7he is formed 
(VlII). The intermediate product of the action, 5-nitro-2-methoxy- 
l-PPP-trichloro-a-hydroxyethylbenzene (VII), has not actually 
been isolated; but its formation is certain, since when the solution 
of jp-nitroanisole and chloral in concentrated sulphuric acid is satur- 
ated at the beginning with hydrogen chloride the final product is 
formed much more rapidly and completely than when the necessary 
hydrogen chloride is formed by the comparatively slow decomposi- 
tion of the chloral. 



OMe 



CCls-CHO 
> 


OMe 


/NCH( 0 H)-CC 13 ! 

Vo. j 

■ (vn.) 


OMe 


HQ 


scHa-ccis 


NOa 

(vm.) 


The constitution of the final condensation product was established 
by oxidising it mth potassium permanganate in acetone solution; 
it then yielded 5-nitro>2-methoxybenzoic acid (IX), identical -nith 
the product obtained by nitration of o-methoxybenzoic acid. When 
acted upon by boiling alcoholic potash, it lost one molecule of 
hydrogen chloride and 3 delded a^^4ric7doro-5-mtro-2-meihoxystyrme 



It has been shomi {he. eU.) that, althou^ many substituents in 
a position ortho to- the phenolic hydroxyl hinder the formation of a 
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benzdioxin ring, they have little or no effect when in a meta-position. 
Condensation also proceeds in the usual manner when both meta- 
positions are thus occupied. For example, 2 : 6-dichloroquinol, 
in which both positions meta to one of the two hydroxyls are occu- 
pied by chlorine atoms, condenses readily, under the influence of 
concentrated sulphuric acid, with two molecules of chloral, yielding 
6 : l-dichloro~Q-hydroocy-2 : 4:’'bistricMoromefhyl‘l : Z~benzdioxin (XI)j 
only the hydroxyl group which has both the adjacent o-positions 
unoccupied taking an active part in the reaction. 

The heterocyclic dioxin ring of this condensation product shows 
unusual resistance to the action of alcoholic potash, which only 
removes a molecule of hydrogen chloride from each of the side chains 
and forms 5 : l-di<ihloro-6-hydroxy-2 : i-bisdichhromethylene-l : 3- 
benzdioxin (XII). 

0 0 

GV ^OH oovcho W3H-CCU ci/N'^C:CClo 

HoU - 

Cl a CH-ccig Cl c:ccL, 

(XI.) (xn.) 

The benzdioxin ring in 6-amino-2 : 4-bistriohloromethyl-l : 3- 
benzdioxin behaves similarly (see this vol., p. 1089). 


Experimental. 


5‘Carboxy-2-meiJwxy-V^^^4richloro^a[,’^hydroxyethylbenzene (I) . — 


solution of 40 g. (1 mol.) of anisic acid and 60 g. (1-2 mols.) of 
chloral hydrate in 400 c.c. of concentrated sulphuric acid was kept 
at the ordinary temperature for 10 hours and then poured into 
2000 c.c. of water contaming ice. A viscid mass separated which, 
after being heated with water, broke up into a mass of needle-shaped 
crystals; these were recrystallised from alcohol and from chloroform - 
li^t petroleum. ^-GarboQGy-2-methoxy-l-^^^4richlorO’‘(x.-‘hydroxyethyl- 
benzene is sparingly soluble in benzene and chloroform, practically 
insoluble in light petroleum, and easily soluble in boiling acetic acid 
and alcohol, from which it slowly separates as highly refractive, short 
prisms, m. p. 198—199° (Found: 0, 39-9; H, 3-2; Cl, 35-8. 
CiqH 904 C 13 requires C, 40-1 ; H, 3-0; Cl, 35-6%). 

&’Carboxy-2‘7mthoxy- 1 - ci^^^-Mrmhhroethylbenzene (II) . — ( 1 ) By 
condensation of anisic mid and chloral in presence of concentrated 
sulphuric acid. A solution of 60 g. of anisic acid and 60 g. of chloral 


hydrate in 600 c.c. of concentrated sulphuric acid was kept at 
ordinary temperature for 8 days, hydrogen chloride being gra 
formed in considerable quantity. When the clear resulti 
was poured into 3000 c.c. of water b-ca/rboxy-^-meihQOiyyA,^ 
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cMoroefkylbenzem separated as a volummous white solid ; this, after 
being washed with hot wat^, crystallised from alcohol in colourless 
needles (60 g.), m. p, 247 — ^249® (Foimd: 0, 37*85; H, 245; Cl, 
44-66; M, 331. CioHsOsa^ requires C, 37-8; H, 2*5; Cl, 44-7%; 
Jf, 318). The substance is sparingly soluble in boiling water, 
moderately easily soluble in boiling benzene, chloroform, and light 
petroleum, and easily soluble in boiling alcohol and in aqueous 
alkalis. 

(2) By (he action of hydrogen chloride ttpon 6-(wrbooi^’2~methoxy^l~ 
ppp4nci^Zoro-a hydroxyethylhenzene. A solution of 2 g. of the 
triehloro-compound in 20 c.o. ol concentrated sulphuric acid was 
saturated with dry hydrogen chloride, kept at the ordinary tempera- 
ture for 1 day, and then poured into 50 c.c. of water containing ioe. 
The solid which separated was recrystallised from alcohol ; it melted 
at 247 — ^249® and was identical in every respect with the substance 
described in (1). 

Adiion of Concentrated Svlphuric Acid on S-Carboxy-2-methoay-l~ 
PPP-fricAZoro-c3c-Ai/droxw/e<%Z6e7w:e9ie. — ^A solution of 10 g. of the 
triohloro-compound in 100 c.o. of concentrated sulphuric acid was 
heated on a water-bath for 46 minutes until hydrogen chloride ceased 
to be evolved. It was then cooled and poured into 600 c.c. of water 
containing ice. The 4-mfi^Aoa::^opA^A^Zie%(Ztc acid (VI) that 
separated (yield, 4*5 g.) crystallised from alcohol in very smaU, 
colourless plates, m. p. 244 — ^245® (Foimd : C, 69-5 ; H, 4*7. C 9 Hg 04 
requires C, 60*1 ; H, 4-45%). When heated with 2 ; 4-dichloro- 
phenylhydrazine it yielded the 2 : 4:-dichlorophenylffiydrazone, which 
crystallised from alcohol in very small, pale yellow needles, m. p. 
303 — 305® (decomp.) (Found : Q, 20-85. CjgHigOaNoClo requires 
•Cl, 20-9%). 

Oration of 

Isolation ofi-Meth^xyi&ophthalicAci^ (IV) and 6‘Carboxy‘2-meihoxy- 
phenylglyoosylic Acid (HI). — ^5-Carbosy-2-methoxy -1- appp - tetra- 
chloroethylb^ene (15 g.) was dissolved in 300 c.o. of boiling water 
containing an excess of sodium carbonate, and about 30 g. of finely 
powdered potassium permanganate were added gradually until it 
was no longer decolorised on continued boiling. The manganese 
dioxide was filtered off, and the colourless filtrate made acid with 
hydrochloric acid; A-methooi^BophtMlic acid (4*5 g.) then separated. 
It was several times recrystallised successively from acetic acid, 
dadte alodhol, and finally from boiling water, from which it separated 
in mihtiite Colourless needles, m. p. 275 — ^276® (Found : 0, 66*0 ; 
H, 4-3. OgHgOs requires C, 65-1 ; H, 4-1%). 

When heahcd fdr 6 — 10 minutes with hydiiodic acid (b. p. 127®), 
it gave 4-hydr6iyfeophthalic acid, m. p, 310®. 
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Tte aqueous acid mother-liquor from which the 4-metho3yi50- 
phthalio acid had separated was repeatedly extracted with ether. 
Evaporation of the ether left 5-(x^rboxy-2-ineihoxyphenylglyoxylic acid 
as a crystalline, colourless solid; this was easily soluble in boiliug 
acetic acid, from which it separated in small colourless prisms, m. p. 
254—255^ (Found: C, 63-3; H, 3'8. requires C, 53*6; 

H, 3-6%). 

It reacts with hydrazines to form sparingly soluble hydrazones. 
The phenylhydrazcme separates from boiling alcohol in pale yellow, 
microscopic prisms, m. p. 231^ (decomp.) (Found : 0, 61*0; H, 4*6; 
N, 8-9. requires 0, 61*2; H, 4*5; N, 8*9%). 

6-Nitro-2~methoxy’‘l-ct.^^?i4etraM^roethylbmzene (VIII). — solu- 
tion of 50 g. of p-nitroanisole (1 mol.) and 60 g. of chloral hydrate 
(1*1 mols.) m 450 c.c. of concentrated sulphuric acid was kept at the 
ordinary temperature, hydrogen chloride being slowly liberated. 
Crystals of 5-nitro-2-methoxy- 1 - a^^^-UtrochloroethylbenzeTie, which 
began to app^ after 10 to 12 days, were separated after 4 weeks, 
well washed with water, and recrystallised from alcohol (yield, 33 g.). 
The substance is insoluble in water, very sparingly soluble in light 
petroleum, and easily soluble in boiling acetone, benzene, and 
alcohol, from which it separates in slightly yellow needles, m. p. 
131 — 132®(Foimd: N,4*4; 01,444; Jtf, cryoscopio in benzene, 340. 
CgHTOgNC^ requires N, 44} 01, 44*5%; Jf, 319). 

When the condensation of chloral with p-nitroanisoie was carried 
out in concentrated sulphuric' acid saturat^ with hydrogen chloride, 
separation of the product began on the third day and was practically 
complete by the eighth day. ' 

Action of Potassium Hydroodde on 
tetrcuMoroethylbenzene : Formation of oL^^’>TrichJbro^5-nitrO‘2-methooi>y>- 
styrene (X). — ^The tetrachloro-compound (2 g.) was heated for a 
short time with 25 c.c. of a mixture of equal parts of alcohol and a 
50% aqueous solution of potassium hydroxide. As the reaction 
proceeded, separated as an 

oil, which solidified on cooling and then crystallised from alcohol 
in pale yellow, shining plates, m. p. 94—95® (Found : N, 4*9 ; 01, 
37*6. r^uires N, 4*95; Cl, 37*7%). 

Oxidation of 5~Niiro-2’^me^xy^l-a^p^4etrachioroethyIhenze7ie to 
6~Nitro:2^methoxybe7izoic Acid (IX). — ^Potassium permanganate 
(30 g.) was added during 48 hours to 5 g. of 5-nitro-2-methoxy-l- 
appp-tetraohloroethylbenzene dissolved in 100 c.c. of boiling acetone. 
After 48 hours’ bofling, the solid formed was separated from the 
cooled liquid and extracted with 100 c.c. of alcohol. Partial evapor- 
ation of the extract gave needles of potassium 5-nitro-2-methoxy- 
benzoate, from which the acid. m. p. 161®, was obtained (Found : 
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C, 48-85; H, 3-4; N, 7-7. Calc, for CaH^OgN: C, 48-7;, H, 3-5; 
N, 7-1%), identical with a specimen prepared by the method of 
Simonsen and Ran (J., 1917, 111, 228). 

5 :l-DicMoro-&-hyikoxy-2 : ii-bistricMoromeffiyl-l : Z-bmxdioxin (XI). 
— To a solution in 260 o.c. of concentrated sulphuric acid of 25 g. 
(1 mol.) of 2 : 6-dichloroquinol, obtained by oxidising 2:4:6- 
trichlorophenol with cold fuming nitric acid and reducing the 2 ; 6- 
dichlorobenzoquinone formed by sulphur dioxide, 48 g. of chloral 
hydrate were added. The mixture was well shaken for | hour and 
kept for 3 days at the ordinary temperature. Ice was then added 
and 5 : '7-dicMoro-Q-hydroxy-2 : i-bistricldoromethyl-l : Z-bmzdioxin, 
which separated as a viscid, colourless mass, was weU washed with 
water and repeatedly crystallised from alcohol (yidd, 41 g.). It 
was easily soluble in boiling alcohol, chloroform, and benzene and 
sparingly soluble in light petroleum and separated from these solvents 
in small, glistening, colourless plates, m. p. 114 — 115® (Pound: 
C, 26-15 ; H, 1-0 ; a, 62-1. CioHAag requires C, 26-06 ; H, 0-85 ; 
d, 62-2%). It dissolved in aqueous alkalis and gave a greenish- 
brown colour with a solution of ferric chloride. 

The phenolic hydroxyl group is easily aceiylated when the com- 
pound is heated for a ^ort time with acetyl chloride or acetic 
anhydride containing a drop of sulphuric acid. 5 : 7-Dic%loro-6- 
aceto3cy-2 : i-bistricM^omethyl-l : Z-bemdioxin crystallises from boil- 
ing alcohol, in which it is moderately easily soluble, in small, colour- 
less prisms, m. p. 179 — 180® (Found : Cl, 57-2. CigHgOgClg requires 
-01,67-0%). 

5 : 'i-Bichloro-Q- hydroxy-2 : i-bisdichloromethylene- 1 : Z-benzdioxin 
(Xn). — ^To a boiling solution of 5 g. of potassium hydroxide (9 mols.) 
in60 c.e.of aleohol,4-5g.of 6 : 7-dichloro-6-hydroxy-2 : 4-bistrichloro- 
methyl-1 : 3-benzdioxin (1 mol.) were added and the mixture was 
boiled under reflux for 15 minutes; 50 c.c. of hot water were then 
added and the alcohol was distilled off in a current of steam. Prom 
the cooled, acidified liquid, 5 : l-di<Moro-Z-hydroxy-2 : ^-bisdicMoro- 
meihylem-1 : Z-benzdioasin separated. It is easily soluble in boiling 
alcoW, chloroform, and carbon tetrachloride, from which it separates 
in small, compact, colourless crystals, m. p. 137 — 138° (Pound: 
01,55-5. Ci5H208ClerequiresCl,66-6%). When dissolved in carbon 
tetrachloride, it does not combine with bromine at the cardinary 
temperature. 

The Queeh’s Colueoe, Oxhobd. 


[Beeeived, Avyust 30th, 1928.] 
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CGCLXXXIV . — The Constitution of Laurotetanme. 

By George Barger and Robert Silbebsqhmidt, 

Laurotetanine is an alkaloid discovered by GreshojBE (“ Verslag 
v,h, onderzoek v.d. PlantenstofEen Ned. Indie,” 1890, 98; Ber., 
1890, 23, 3537) in various Lauracem; injected, it causes tetanic 
convulsions. It was studied by Filippo {Arch, Pharm,, 1898, 
236, 601) and particularly by Gorter {Bull, Jard, boL Buitenzorg^ 
1921, 3, 180). The latter showed that the anhydrous base is 
CieHio(OH)(!^)(OMe )3 and being impressed by the chemical and 
physiological resemblance of its iV-methyl methyl ether to the 
alkaloid glaucine, he assumed the same carbon skeleton in both 
alkaloids. Now glaucine (I) has been synthesised from laudanosine 
by Gadamer {Arch, Pharm., 1911, 249, 680) and is a derivative of 
phenanthrene and isoquinoline. Since Gorter regarded the N -methyl 

Ho NH 

/VH/\ 

HO,MeO{|^ 

(II.) 


methyl ether of laurotetanine as different from glaucine, he named 
it i^oglaucine and considered the isomerism due to different positions 
of two methoxy-groups. A further study of these compounds and 
the products of their exhaustive methylation by Hofmann’s method 
has, however, convinced us that glaucine and Gorter’s “ i^oglaucme ” 
are identical, so that laurotetanine may be represented by (II). 

The one free hydroxyl group is as indicated in the benzene ring 
attached to two carbon atoms, for on oxidation of laurotetanine 
Gorter found that the benzene ring attached to three carbon atoms 
survives as a dimethoxybenzenetricarboxyhc acid. The choice 
between the two possible fcamulae indicated by (11) might perhaps 
be made by exhaustive methylation of laurotetanine ethyl ether 
and comparison of the product with two synthetic ethoxytri- 
methoxyethylphenanthrenes. 

We carried out a number of preliminary experiments with this 
end in view. Although we could readily obtain from laurotetanme 
and glaucine a vinylphenanthrene and a phenanthrenecarboxylio 
acid, we were quite unable to decarboxylate the acid. We theref^* 
decided to reduce the vinyl to the ethyl compound and attem n^lM 
synthesis of the latter. ^ 

For this purpose the required 3 : 



M.e0f 

MeO! 


Ho NMe 


Ho 


Meol I 


'Ha 
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BABGSB AND SHiBEBSOHMIDT : 


obtained both by reducing 3 : 4-dimethoxyvinylbenzeiie (from 
3 : 4-dimethoxyphenylethylcarbinol by Klages' method, Ber.^ 1903, 
36, 3588) and by reducing acetoveratrone according to Clemmenseii 
{Ber,, 1913, 46, 1838). The latter alternative avoids the com- 
plications due to the polymerisation of the vinyl compound and is 
much the better method. Acetoveratrone was prepared by oxid- 
ation of the phenjdmethylcarbinol as well as directly from veratrole ; 
the latter route is the cheaper. 

The dimethoxyethylbenzene was converted by Gattermann’s 
reaction into an aldehyde^ presumably (III), but this constitution has 
not been proved rigorously. 



(m.) (IV.) (V.) (VI.) 

By condensation with hippuric acid to the azlactom (IV), hydrolysis 
to the ^rwvic acid (V), and oxidation, a dimethoxyethylphenylace^^ 
acid (VI) was obtained (compare Kropp and Decker, jSer., 1909, 
42, 1184 ; Cain, Simonsen, and Smith, J., 1913, 103, 10^ ; Haworth, 
Perkin, and Rankin, J., 1924, 125, 1686). This was condensed with 
6-nitro-3 : 4-dimethoxybenzaldehyde to the nitro-acid (VII), which 
after reduction and ^azotisation was expected to yield a phen- 
anfhrenecarboxylk> acid (VIII). The product of the decarboxylation 

<?OaH 

(vii.) 5Et / \ Et / (vin.) 

MeO OMe OMe MeOOMe OMe 

ol was very similar to that obtained by the d^adation of 

laurotetanine, bnt did not appear to be. identical with it. Further 
work will be necessary to clear up this discrepancy. 

EsPEEIMENT AL. 

A. BaMustive Me&ylation of Lmroietanine. 

Like Gcarber, we prepared the alkaloid from the bark of Liism 
ciirafiB from Java, umng, howeTer, a. different process .from the 
usual Siit^-Otto method employed by Gtorter and by Fil^po, for by 
extraction of an. alkaUne solution vrith immiscible solvents we 
obtained hardly any crystalline alkaloid. An alcoholic extract 
prepared for us by Messrs. Duncan, Flockhaitand Co...of Edtnbiur^ 
was a, thick, tarry mass representing about 10% by w^ht of the 
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bark. We dissolved it in two-thirds of its weight of hot glacial 
acetic acid, poured the solution into 5 — 6 volumes of water with 
vigorous mechanical stirring, and filtered off a precipitate (A). 
The brown filtrate, on being made slightly acid to litmus by addition 
of ammonia, gave a precipitate (B), partly composed of a weak base 
which probably contained several free hydroxyl groups and was 
readily oxidised. This alkaloid, which has some properties in 
common with boldine, a dihydroxydimethoxyphenanthrene alkaloid 
occurring in Pmmus Boldus {Monimiaceoe, related to Laurace^), 
could not be crystallised. To the filtrate from (B) we added excess 
of ammonia and obtained a voluminous, pale yellow precipitate of 
crude laurotetanine, which was washed free from ammonia aiid 
dried on a porous tile in a vacuum. Precipitate (A) was redissolved 
in glacial acetic acid and treated as before, whereby it yielded a 
further quantity of crude laurotetanine. The dried alkaloid was 
powdered, mixed with sand, and extracted with ether for several 
days in a Soxhlet apparatus. Crystalline material soon began to 
iieparate from the ether, in which it is very sparingly soluble. It 
was reciystallised from acetone by the addition of a few drops of 
water. The hydrated alkaloid melted in its water of crystalUsatiou 
at 124 — 134® (Gorter gives 125® ; Filippo, 134®). It did not darken 
QJX exposure to light as stated by Gorter (at Buitenzorg). . Yield, 
Pl3fTrO-4% (Gorter obtained 0'38%)* 

Me&yhtion. 

experiments* m whicji Jaimot^a^ 
aadd methyl iodide wer^keatod m m^thyl-alcokolic 8 odi^.h(ydro^e> 
yielded two crystalline iodides, ultimate]^ identified as the meth- 
Ifiidide and methine hydriodide, but the yield unsatisfactory, 
diazomethane was used for the first step. Laurotetanine (1 g.) in 
10 c.c. of methyl alcohol was mixed with an ethereal solution of 


diazomethane from 7 c.c. of nitrosomethylurethane. Next day, 
evaporation, the methyl ether was separated by means of 
sodium hydroxide and treated as syrup with excess of methyl 
iodide in methyl alcohol. The methiodide, obtained in a yield of 
60%, formed bundles of colourless needles, m, p. 210 °, the same 
as that recorded for glauoine methiodide; the melting point 
remained, constant on recrystallisation and did not rise to 226°, 
that given by Gorter for “ isoglaudne methiodide.” The meth- 
iodide was very sparingly soluble in water and could be completely 


exifTftcted from aqueous solution by chloroform. 

C 22 H 27 O 4 N. — The methio 

(0-6 g.) was heated for 5 hours with 40 c.c. of 10% alcoholic p 
ium hydroxide^ The, solution, which became slightly 
concentrated and water wa^ added; an oily base then s 
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When this was neutralised with acid, the hydriodide of the methine 
separated in colourless, rhomb-shaped leaflets, m. p. 265®, almost 
insoluble in water and in alcohol (Found : I, 26-2. 022 H 2704 N,HI 
requires I, 25-6%). The free methine, isolated after addition of 
ammonia and extraction with ether, could not be crystallised, and 
remained oily after distillation at 200® in a high vacuum. Yield, 
0*4 g. The methine tenaciously retained a small quantity of an 
impurity, which gave it a pink colour and was less soluble in hot 
water than in cold. This impurity was absent from the methine 
prepared from glaucine, which could be obtained in colourless 
needles, m. p. 76®, from the dry ethereal solution, and probably 
accounts for the somewhat lower melting points of Gorter’s “ iso- 
glaucine salts, as compared with those of glaucine. 

Dimethyl-laurotetaninemethine methiodide, C 23 H 30 O 4 NI, ob- 
tained on mixing the components in ethereal solution, formed white 
needles, m, p, 276®, very sparingly soluble in hot w^ater. 

2 ; 3 : 5 : 6 - Tetramethoxy - 8 - vinylphenanthrene. — The methine 
methiodide (0-37 g. ; 0-75 millimol.) was heated with 40 c.c. of 
10 % methyl-alcoholic potassium hydroxide on the water-bath, 
the trimethylamine evolved being swept into O-l-W^-hydrochloric 
acid. After 6 hours, 6-5 c.c. of the acid (= 90% of the theoretical) 
had been neutralised. (The trimethylamine was isolated as the 
chloroplatinate, m. p. 253® after crystallising from alcohol. Found : 
Pt, 37-2. Calc., 36-7%.) When the solution was concentrated, 
crystals separated; the quantity was increased by addition of 
water and neutralisation. On extraction with ether and crystallis- 
ation from alcohol, slightly pink, rhomb-shaped plates, m. p. 142®, 
were obtained. They decolorised potassium permanganate in cold 
acetone. Yield, 60% (Found: C, 74-05, 74-0; H, 6-3, 6-4. 
C 20 H 2 OO 4 requires C, 74-0; H, 6 - 2 %). ? 

2:3:5: Acid . — ^To a 

cold solution of 5-1 g. of the vinyl compoim^d in 10 c.c. of acetone, 
0-175 g. of potassium permanganate {= 50) was added during 
1 hour. The manganese dioxide was filtered off and reduced with 
bisulphite and the solution was added to the residue left on evapor- 
ation of the acetone filtrate. Ether extracted from the alkaline 
solution a little unchanged vinyl compound and then, after 
acidification, a substance which crystallised from acetone-water or 
benzene-ligroin in yellow needles, m. p. 216®, very soluble in ether 
(Found ; equiv., by back titration, 339. requires equiv., 

342). 

B, Exhavstim Methylation of Glaucine. 

The above degradation had not been carried out by Gadamer 
(?oc. cit.), who deduced the constitution by converting laudanosine 
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into glaucine. We isolated the latter alkaloid from 10 kg. of 
leaTes and pods of Gflaucium luteum from the Royal Botanic Gardens, 
Edinbmgh, and from the coast near Cockbumspath. Fischer’s 
method {Arch. Pharm., 1901, 239, 426) was greatly simplified by 
utilising the minute solubility of glaucine hydriodide in the presence 
of potassium iodide, the glaucine salt being under these conditions 
almost as sparingly soluble as the precipitate with Mayer’s reagent 
(limit at 1 : 10,000). The material was covered with water, heated 
to boiling, strained, passed through a mincer, stirred for 2— ^3 hours 
in the original solution after addition of 2% acetic acid, strained, 
and extracted a second time. The filtered extracts were concen- 
trated in a vacuum to a half -syrupy consistency and filtered through 
glass wool. Potassium iodide was then dissolved in the solution ; 
after 2 days, a layer of browmish crystals had separated. One 
recrystallisation from much alcohol gave long, silky needles, still 
slightly pink, m. p. 243® (yield, 0*2% of the fresh leaves and pods). 
Thus this alkaloid is readil}’' accessible. The filtrate from the 
crystals gave with ammonia a small precipitate yielding the colom 
reactions of protopine (Fischer, loc. cit.). 

To obtain the pure base, the iodide was shaken with aqueous 
ammonia and ether. The former retained the colouring matter and 
the latter left on evaporation colourless prisms^ m. p. 118—119®, 
aft^r several crysWllisations. * 

We ihetModide, the mbthine, metMne 

iodide, the vinylphenanthrene, and the carboxylic acid. We also 
prepared the chaiacterisftic lodfde of dnnethyl-laUrotetanihe (from 
laurotetaninO and diaasomethane): We thus had six different com- 
pounds, each obtained from two natural k)urces. Jn all cases they 
were identical ; these results, tabulated below, dispose of Gorter’s 
alleged difference between glaucine and dimethyl-Iaurotetanine. 
We have also tabulated the melting points jgiven by Warnat (Ber., 
1646, 68, 2768) for mixtures of derivatives of dimethylboldine and 
glaucine. Wamat was the first to publish the Hofmanfi degradation 
of glaucine, after we had already carried it out independently^ 



Himethyl- 

lauro- 

tetanine 

alone. 

Glaucine 

alone. 

Glaucine + 
dimethyl-. 

lauro- 

tetanine. 

Glaucine -{- 
dimethyl- 
boldine. 

Hydriodide 

.... 243'’ 

243® 

243® 

239—241® 

Methiodide 

.... 21Q 

210 

219 

221 

Methine hydriodide 

.... 264 

264 

263 


Meiteie methiodide 

276 

278 

276 

276—27^1 

Vinylphenanthrene 

.... 142 

142 

142 

142—1^ 

Phenanthrene acid 

.... 216 

214 

2U 



Having established this identity, we carried out some 
5d 
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as first steps in. the determination of the position of the free 
hydroxyl in laurotetanine. In order to have a tetramethoxy- 
compound which could be synthesised, we attempted to decarboxyl- 
ate the tetramethoxyphenanthrenecarboxylic acid. We entirely 
failed to do this, whether by distillation (when the acid sublimed 
at a high temperature), or by heating with IhSie, or by heating in 
glacial acetic acid. We therefore decided to base the comparison 
on the ethyl compound. ^ 

2:3:5: 6-Tetramethoxy-8-ethylphenanthrene was prepared by 
reducing 0-485 g. (1-5 millimols.) of the vinyl compound (from 
glaucine), dissolved in the minimum amount of glacial acetic acid, 
which coloured the solution red, with hydrogen after addition of 
palladium chloride and gum arabic. The reaction stopped abruptly 
after 20 minutes, when 35 c.c. of hydrogen had been taken up. 
The solution was diluted with water, and the resulting mixture 
extracted with ether. The extract crystallised from methyl 
alcohol. Yield, 80%. The crystals were distilled in a high vacuum 
with the bath at 200°. The colourless distillate crystallised from 
alcohol in narrow plates, m. p, 120°. 


S^hesis o/ 2 : 3 ; 6 : 

As we required large quantities of methyl vanillin and of veratrole, 
we paid some attention to the methylation of vanillin and of 
guaiacol, finally obtaining a practically quantitative yield by a 
rapid method, 

VaniUin (162 g.; 1 mol.) is melted in a wide-mouthed bottle 
provided with a condenser, a stirrer, and two tap-funnels. With 
rapid stirring, 1-5 mols, (82 g.) of potassium hydroxide in 120 c.c. 
of water are run in at the rate of two drops a second, and 20 seconds 
after this has started, addition of 1-25 mols, (160 c.c.) of methyl 
sulphate is begun at the same rate. (The methyl sulphate has 
stood over potassium carbonate and is neutral to Congo.) The 
external heating is soon stopped. The reaction mixture keeps a 
pale reddish-brown and alkaline ; green indicates an acid reaction. 
When three-quarters of the reagents have been added, the reaction 
mixture becomes turbid and separates into two layers. As soon as 
all has been run in (about 20 minutes from the start) the reaction 
mixture is poured into a porcelain basin. The upper layer solidifies 
to a hard, white mass of practically pure methyl vanillin, m. p. 43°, 
It is washed with water and dried. Yield, 165 g., or more than 99%. 
Veratrole was similarly obtained in a yield of 95% (after extraction 
with ether and distillation). Pure, crystalline guaiacol must be 
used, Acetovenitrbne was obtained from veratrole and acetyl 
chloride by means of aluminium chloride in carbon disulphide 
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solution in a yield of 80% and was then reduced by Clemmensen’s 
method (jBer., 1913, 46, 1838). 

3 : 4,-Dmethoxyethylbenzene. — ^720 G. of zinc, amalgamated for 
1 hour with double the weight of 5% aqueous mercuric chloride 
solution, was washed and covered with 10 % hydrochloric acid. 
The liquid was heated to boiling and 180 g. of acetoveratrone were 
added in the course of an hour. The boiling was continued for 
5 hours, 50 — 100 c.c. of acid being added per hour. The oily layer 
removed by ether distilled mostly at 110 — 112°/9 mm. ; the boiling 
point then suddenly rose to 230 — ^240® and a polymeride distilled. 
Thus the lower fraction was at once pure and stable to permanganate. 
Yield, 68 %. The. substance could not be crystallised. 

3 : 4^Dimethoxy-6-ethylbenzaldehyde (III). — ^To 54 g. of dimethoxy- 
ethylbenzene in 75 g. of anhydrous benzene, cooled by ice, 60 g. of 
freshly powdered aluminium chloride were slowly added, then 
55 g. of hydrogen cyanide. Hydrogen chloride was passed for 
3 hours at 0° and for J hour at 30®. Next day the imide was poured 
on ice and finally decomposed by a current of steam. The aldehyde 
distilled at 150— 159® /9 mm. and crystallised on long standing in 
plates, m. p, 28 — 30®, very soluble in organic solvents (Found : 
C, 67-7; H, 7*2. CHH 14 O 3 requires C, 68-0; H, 7-3%). The 
semicarbazone formed colourless crystals, m. p. 197 — 199®. 

Z : 4:-rl)imethoosy-Q-ethylbenzoic acid, prepared by oxidising the 
aldehyde with alhaline permanganate, had m. p* 138® (Found ; 
equiv., 210-5, C 11 H 14 O 4 requires equiv., 210)* 

Azlactom of 3 : 4:‘IH7)fU^xyS~e&ylf>emylider^^ Acid (IV). 
— mixture of 39 g. of the aldehyde, 40 g. of hippuric acid, 82 c.c, 
of acetic anhydride, and 16 g. of sodium acetate was heated for 
40 minutes on the water-bath. After cooling, the semi-solid mass 
was washed with much ether and with water; it then separated 
from hot alcohol, in which it was rather sparingly soluble, in yellow 
crystals, m. p, 155®. Yield, 66 % (Found: C, 71-0; H, 6-0. 
C 20 H 13 O 4 N requires C, 71-2 ; H, 6-0%). The acid itself, m. p. 212°, 
was made by heating the lactone with 1 % potassium hydroxide 
solution until it was colourless. 

3 : 4:-Diimtho3sy-6-ethylpMnylpymvic Acid (V ). — ^20 G. of the 
azlactone were boiled with 30 g, of potassium hydroxide in 100 c.c, 
of water, the ammonia evolved being swept into N-acid. In 
1 hour 53 c.c. had been neutralised (=94% of the theoretical). 
The solution was acidified with sulphur dioxide, and the benzoic 
acid filtered off. The solution, which contained the pyruvic 
as bisulphite compound, was acidified with hydrochloric agid^ aiM 
heated under reduced pressure to r^ove sulphur dio^di|^n 
crystalline precipitate separated. BecrystaUised 
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acetic a«id and from alcohol, it f cammed pale yellow crystals, m. p. 
181®; yield, 71%. 

3 ; Acid (VI). — The keto-acid 

(10 g.) in a large excess of dilute sodium hydroxide solution was 
oxidised at 0® by 37 c.c. of 3% hydrogen peroxide. After neutral- 
isation with sulphur dioxide (to keep the unchanged acid in solution) 
the oxidation product separated as an oil which solidified next day, 
and was extracted with ether. It formed slightly pink bundles of 
needles, m. p. 67® ; yield, 78% (Found : equiv., 222*5. 0 i 2 Hig 04 
requires equiv., 224). 

a-3 : 4:‘Dimethooi^~6’elhylphenyl-^-^-nitro^Z : 4i-dimethoxypJimyl~ 
acrylic Acid (VH). — solution of 6 g. of the previous acid in methyl 
alcohol was neutralised by methyl-alcoholic potassium hydroxide 
and evaporated in a round-bottom flask. The potassium salt was 
dried in a vacuum at 120 — 130® for 3 hours, and 10 g. of 6-nitro- 
3 : 4-dimethoxyben2aldehyde (Pschorr, jBer., 1899, 32, 3412), 
8 c.c. of acetic anhydride, and 0^2 g. of anhydrous zinc chloride 
were then added. The flask was fitted with a long air-condenser 
and dry nitrogen was very slowly passed over the mixture to prevent 
oxidation. The mixture was heated for 20 hours at 120®, and then 
f<^ 1 hour cm the water-bath after addition of 20 e.c. of water. It 
was then made alkaline with ammonia and filtered from a brown 
tar, which was re-extracted with ammonia. After charcoal treat- 
ment, acidification gave a voluminous precipitate of the crude acid 
(yield, 52%), which separated from hot methyl alcohol in yellow 
crystals, m: p. 208° after sintering at 203° (Found : equiv,, 418. 
CgiHgaOgN requires equiv., 417). 

Ammo-acid from the aboi)e. The nitro-acid (2-08 g,; 6 millimols.) 
was dissolved in 20 o.c. of dilute ammonia, heated to >80®* mi 
slowly added to a reduction mixture 'at the same.t^m|)€rature, 
prepared by adding 8 c.c. of 26% ammonia to 9*2 g. of ferrous 
sulphate (33 miUimols.) in a little water. The mixture was shaken 
and left on the water-bath for 2 hours and filtered. Acetic acid 
precipitated from the dark brown solution a deep yellow, ampho- 
teric precipitate, m. p. 192° in the crude state. 

'-2 : 3 : 5 : Q-Tetrcme^oxy-S-elk^phemnthrene-Q-carbozyUc Acid 
(VIH) dnd 2:3:6: ( ?). — ^The 

above ammo-acid (0*9 g. ; 2*5 millimols.), dissolved in the calculated 
quantity of sodium carbonate solution, was mixed with 2*5 c.c. of 
^-sodium nitrite and dropped v^y slowly into 9 c.c. of well-cooled 
and atmted i?-sdlphurio acid. After filtration, the solution of the 
diazoiaiTm mik was heated for 2 hours on the water-bath; it then 
no longer odupted .with p-naphthoL A reddish-brown acid separated 
on acidification, but Could not be crystallised ; 3 deld, 0*6 g. (crude). 
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A small-scaie experiment with amyl nitrite and copper powder in 
the cold yielded hardly any of the add after 12 hours. The crude 
acid was decarbosgrlated by heating 0‘2 g. in a bath at 230 — 250“/ 
9 mm. An ethereal solution of the oily distillate, after being 
washed with sodium carbonate, was evaporated ; the residue cr j’stal- 
lised from hot methyl alcohol in pale brown leaflets, m. p. 106“, 
and 112“ when mixed with the corresponding compound from 
lanrotetaxune. The product (some 40 mg.) was redistilled and 
crystallised as before ; it was now completely colourless and melted 
at 118“, but the mixture with the laurotetanine derivative melted 
at 106“. The lowering of the melting point is as yet unexplained ; 
it is not demr which of the two substances should first be suspected 
of having a wrong constituiion ass^ed to it. Both substances 
showed sparing solubility in methyl alcohol. 

Some preliminary experiments were also undertaken with lauro- 
tetanine ethyl ether, prepared by means of ethyl jp-toluenesulphonate. 
The oily base gave a hydriodide, m. p. 198—200“, a methiodide, 
m. p. 223 — ^226“, a methine methiodide, m. p. 275“, and a trimethoxy- 
ethoxyvinylphenanthrene, m. p. 139“. 

6-N'itro-Z-methdxyA-eiJu>xybenz(Mehyde (ethyl nitrovaniUin) was 
prepared by adding ethyl vanillin to a mixture of equal parts of 
fuming and ordinary concentrated nitric acids. After distillation 
under reduced pressure, it mdted at 169 — 160“ and ,t(fas jiesublim^d 
in a vaeuuBi 'dt.130— W (Found s C, 53:3; H, 4-8. 
requires G, 63*3; H,' 458%)l The ioondensatioSi of - this ald^yde 
with potassium dimethoxi^hyi^enylacetate has not yet pro- 
ceeded in nomial fashion.. . - 

We wish to express our great indebtedness to Br. R. Wind, 
Director of the Experimeaital Forestry Statfon, and to Dr. W. 
Doctors van Leeuwen, Director of the Botanic Gardens, Buitenzorg, 
Java, for a srpply of the bark of IMsea dtrata ; also to Professor 
W. Wright Smith, Director of the Eoyal Botanic Gardmis, Edin- 
bmgh, for help in securing a quantity of Ohucimn Vatmm, and to 
the Moray Fund of Edinburgh University for a grant towards 
the expenses of the research. 

BsFABxmrr or Medicuu Chemistby, 

Edinbuboh UKiVBBSiTy. [Meoeived, October iBrd, 1928.] 
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CCCLXXXV . — Some Substitution Products of 
Azobenzene. 

By James Buens, Hamilton McCombie, and Haeold Archibald 

SCABBOBODGH. 

Among the systems containing two phenyl nuclei which are of 
interest, from the point of view of substitution, is azobenzene. 
The order of substitution in this series derives its importance from 
the fact that the system contains two tervalent nitrogen atoms free 
from hydrogen atoms: it might be expected, therefore, that 
analogies in behaviour between this series and nitrosobenzene or 
the diacyl derivatives of aminodiphenyl (compare Scarborough and 
Waters, J., 1927, 1139) would be found. The formation of quinonoid 
compomids in this series is a possibility which must not be excluded 
as a factor which would influence in a marked manner the sequence 
in which progressive substitution would occur. 

The first substitution reaction in this series was carried out by 
Laurent and Qerhardt {Annahn, 1850, 75, 73), who examined the 
reaction between azobenzene and nitric acid. A dibromoazobenzene 
was obtained by Werigo {AnnuUn, 1865, 135, 178 ; 1873, 165, 199). 
An extensive study of the substitution products of azobenzene with 
nitric acid, sulphuric acid, and bromine, in which as many as four 
similar or dissimilar groups were introduced, was made by Janovsky 
{MormUh,^ 1881, 2, 221; et seq,). The nature of the nitration 
products of azobenzene' which were described by Janovsky was the 
subject of a mild criticism by Klinger and Zurdeeg {Annalen, 1889, 
255, 336) ; but it remained for Werner and Stiasny (Ber., 1899, 32, 
3257) to point out that of some twelve mono-, di-, and tri-nitro- 
derivatives of azobenzene, described by Janovsky, there was not one 
which might be described as a single individual and as a consequence 
the structures assigned could only be justified in two cases where a 
reasonable degree of purity had been obtained. 

An examination made in these laboratories by Mr. J. Dexter has 
shown that the destructive criticism of Werner and Stiasny is fully 
justified ; further, he has shown that of the three monobromo- and 
two dibromo-azobenzenes described by Janovsky, only one mono- 
and one dibromo-azobenzene could be isolated. 

In view of all these criticisms of the work of Janovsky, the 
remaining substitution produci^ which he obtained caimot bq 
accepted without revision or independent confirmatory evidence. 

The number of direct substitution products of azobenzene itself 
whose constitution may be regarded as established is therefore 
limited to 4-nitroazobenzene, m. p. 149®, 4 : 4'-dinitroazobenzene, 



SOME SUBSTITUTION PRODUCTS OP AZOBENZENE, 2929 


m. p, 221°, 4-bromoazobenzene, m. p. 94°, 4 : 4'-dibronioa2obenzene, 
m. p. 205°, and azobenzene-4-sulphonic acid, m. p. 127°. It TTould 
thus appear that only the two 4-positions are readily substituted. 

The introduction of substituents into the molecule of any of the 
three possible methylazobenzenes (benzeneazotoluenes) does not 
appear to have been attempted. In an attempt to nitrate 4-methyl- 
azobenzene in acetic acid solution the initial substance was recovered, 
and a nitro-group could only be introduced by the action of fuming 
nitric acid ; whereas 2- and 3-methylazobenzene nitrated easily in 
acetic acid solution to yield products substituted in the 4 : 4'-posi- 
tions. On bromination 4-methylazobenzene could only be converted 
into 4'-6romo-4-9we^iyZazo6e?^2ie%e by the action of neat bromine, 
whereas 3-methylazobenzene was converted into A-brcmo-Z-rmthyh 
azobenzene by bromination in acetic acid solution. The product 
obtained by the action of bromine on 2-methylazobenzene is 
apparently not an azo-derivative and its constitution could not be 
elucidated. The nature of the substitution products of 2- and 4- 
methylazobenzenes indicates that the OgHg-NIN* group is more 
strongly directive than the methyl group ; but when in the 2- or 
3-position the methyl group makes it possible to effect substitution 
by less drastic methods than when it occurs in the 4-position and 
must thus have an activating effect. 

The presence of chlorine as a substituent in azobenzene causes 
further substitution to take place in the unsubstitut^ phenyl 
nucleus and, since the group is strongly p-dixective, the 

entering substituent odoupies the 4^-position* Thus on nitration, 
chlorination and bromination, 4-chloroazobenzene yielded 4'-m>o-, 
4'-chloro-, and 4^67w»o-4-c^^braazo6ew2567^e, respectively; similarly, 
3-chloroazobenzene yielded 4'-m>o- and 4:' -bromo-Z~chloroazobenzene, 
This behaviour of the halogen atom was to be expected from a con- 
sideration of the results obtained in the diphenyl and benzophenone 
series. 

The further substitution of 4-hydroxyazobenzene was first investi- 
gated by Noelting (Ber., 1887, 20, 2997), who showed that on 
nitration, in concentrated sulphuric acid solution, 4'-nitro-4-hydroxy- 
azobenzene was formed ; it has also been shown by Hewitt ( J., 1900, 
77, 99) that if this nitration is carried out in nitric acid (ca, 20%) 
solution the product is 3-mtro-4-hydroxyazobenzen6. This differ- 
ence in behaviour was ascribed to the formation of a salt between 
the concentrated sulphuric acid and the azophenol, acting in its 
tautomeric form as quinonephenylhydtazone. In later conlmuniOAf ^ 
tions Hewitt and Aston {ibid,, pp. 713, 811) have shown 'thfe fe^jj 
bromination, in the presence of fused sodium acetate, 
azobenzene yielded a product substituted in the 3 : 
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•whereas bromination in the absence of the sodimn acetate yielded 
3:5: 4'-tribromo4-hydroxyaaobenzene. It has been found that 
4-methoxyazobenzene on chlorination yielded 3 : 5-dicAZoro-4- 
methoxyazobenzene, and regulated bromination gave Z-bromo^ and 
3 ; 5 : On nitration, 3 ; 4'-d!imiro- 
4:-methoxyazobenzene was obtained. It is thus seen that the methoxyl 
group has a stronger directive effect than the group. 

Since two chlorine atoms enter the methosylated nuoleus success- 
ivelja and since bromine appears to enter the 4'- and 5-positicms 
simultaneously, it would seem that the group, though 

strongly p-directive, tends to lessen the reactivity of the nuclei to 
which it is attached; This view is supported by the parallel results 
which were, obtained with 4-methoxybenzophenone (Blainy, Jones, 
and Scarborough, J., 1927, 2865). 

The only substitution product of 4-aminoazobenzene or of its 
acetyl derivative whose structure is established is 4'-iiitro-4-acetam- 
idoazobenzene. This compound was formed on nitration in sulphuric 
acid solution (Friedlander, “ Fortsohritte in der Teerfarbenfabrik- 
ation,** IV, 1021). 

It has been found that 4-acetaraidoazobenzene on chlorination, in 
noetic Bicid8olntim^yieldedZ-ckioro-4t-^u^ Attempts 

to introduce other substituents into the molecule of 4-acetamidoazo- 
benzene failed. 

Chlorination of 4<'aminoazobenzene in carbon tetrachloride solu- 
tion yielded an inseparable mixture of di- and tri-ohloro-derivatives. 
In acetic acid solution, the base brominated smoothly and yielded 
3 : 6-dibromo-4-aminoazobenzene (compare Berju, Ber,, 1884, 17, 
1^3). lodination and nitraticxn were attempted under various 
ccHwbitions, but the product was always a tar. 

The difference in structure of the two substitTstion products of 
4-aoetamidoazobenzene is the same as that observed in the case of 
3-acetamidodiphenyl (Blakey and Scarborough, J., 1927, 3002) and 
must therefore be ascribed to the influence of a concentrated acid 
upon the acetamido-group and not to such.a change in the structure 
of the azo^Qup as occurs in the ease of 4-hyd2:oxy8>zobeQzene. The 
inactive nature of 4-aoetamidoazobenzehe was an unexpected factor 
in this section of the work. 

Vos the detemunation of the structure of the substituted azo- 
beiozenes, at least three methods were available : 

(a) The oxidation of a hydrazorcompound formed by the condens- 
ation of apprc^fariately substituted hydrazines and <h and p-halogeno- 
rntrobenzeioes^ 

(5) The oompleie reduction of the compoimd •to its constituent 
bases, Iheir seps^ion, and identification. 
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(c) TLe condensation of appropriately substituted nitrosobenzenes 
and anilines. 

Not one of the three methods is free from experimental difficul- 
ties, but since the third method leads to the most direct comparison 
it has been employed in nearly every case. This method, however, 
proves unsatisfactory or impossible when an o-nitro*group or an 
accumulation of nitro-groups is present in either the mtrosobenzene 
or the aniline molecule. 

Expebxmektal. 

4-Methylazobenzene was obtained when a glacial acetic acid 
solution of equimoleoular quantities of nitrosobenzene and p-tolu- 
idine was kept over-night. It separated from dilute alcohol in 
deep yellow plates, m. p. 72® (compare Mills, J., 1895, 67, 929). 

4:*~Nitro-4c-niethylawbmzme was prepared by keeping a solution of 
6 g. of 4-methylazobenzene in 100 c.c. of nitric acid {d 1*5) below 6® 
for 2 hours. The semi-solid mass which was precipitated when the 
mixture was poured into water yielded 3*5 g. of pure product. 
The same substance was obtained by condensing p-nitrosotoluene 
with p-nitroaniline. It crystallised from alcohol in deep red 
needles, m. p. 183® (Found : N, 17*36. requires 

N, 17*4%). 

— A solution of 6 g. of 4-methylazo- 
benzene in dry bromine (4 c.c.) was kept for some hours.. The 
residue after removal of the excess of bromine with sodiurh bisulphite 
solution was r^jeatedly crystallised from alcohol and gave orai^e 
needles, m. p. 162® (Found t Br, 28*96,^ -GigHYiNgBr requires Br, 
29*1%).. 

Z-NitroA^methylazobenzme was obtained whm 2-nitro-p-toluidin© 
was condensed with nitrosobenzene. It separated from alcohol in 
long, golden needles, m. p. 106® (Found : N, 17*35. 
requires N, 17*4%). 

was prepared by condensing 2-br6mo- 
p-toluidine with nitrosobenzene.' It crystallised from alcohol in 
yeliow needles, m. p. 84® (Found ; Br, 29*0. O^^gHuNgBr requires 
Br, 29*1%), 

co-J5ro9n<o-4-me&i/2aso5e72ze9ie.-^ Q. of 4-methylazobeiizen6 were 
dissolved in 80 c.c. of a 10% solution of bromine in acetic acid 
together with 4 g. of fused sodium acetate andtiie solution washeated 
on the water-bath for 8 hours. After some days it deposited abou^ 
1 g. of red needles, m. p. 116® after recrystallisation from 
(Found: N» 10*26; Br, 29d. CjgHjiNgBr requires N, 

Br, 29*1%). The substance remaimng in. the acetic acid:M^^^ 
liquor was unchanged 4-methylazobenzene. The 
6i>2 
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with dilute aqueous-alcoholic potash, the bromine being liberated 
as potassium bromide. 

3-Methylazobenzene was prepared by condensing nitrosobenzene 
with m-toluidine. The product was distiUed under diminished 
pressure and frozen. It is a light red oil, b. p. 165®/15 mm., and 
solidihes as red needles, m. p, 18®. 

4 : 4/-IHniti^-Z~7mthylazobenzem. — solution of 3-methylazo- 
benzene in nitric acid {d 1*5) was maintained below 5® for 90 minutes. 
The product crystallised from alcohol in bright red needles, m. p. 
183® (Found : N, 19*75. requires N, 19*6%). 

The compound was completely reduced with stannous chloride in 
alcoholic hydrochloric acid solution and the mixed bases were 
liberated and acetylated in pyridine solution. Diacetyl-^-phenylene- 
diamine, m. p. 310®, was isolated from the mixture by crystallisation 
from acetone ; the acetone mother-liquor was evaporated to dryness 
and the residue, repeatedly crystallised from glacial acetic acid, gave 
2-methyldiacetyl-p-phenylenediamine, m. p. 224°. 

4t-Br(mu>-S‘rn^hylazobmzene. — 5 G. of 3-methylazobenzene were 
dissolved in 40 c.c. of a 10% solution of bromine in acetic acid, and 
the mixture heated on the water-bath for 6 hours. The product 
separated from dilute alcohol in light yellow needles, m. p. 69® 
(Found: Br, 29-16, CjgH^jNgBr requires Br, 29-1%). It was 
also obtained when 6-bromo-w-toluidine was condensed with nitroso- 
benzene. 

2-Methylazobenzene was obtained when nitrosobenzene was con- 
densed with o-toluidine. The product, after distillation under 
diminished pressure, was a light red od, b, p. 180®/20 mm. 

4 : 4^ ~Dinitro-2-meihyla^benzene was prepared by keeping a solu- 
tion of 2-methylazobenzene in nitric acid (d 1*5) below 5®. It was 
crystallised from alcohol and from acetone, from which it separated 
in dark red needles, m. p. 220® (Found : N, 19*6. C 3 ^ 3 Hiq 04 N 4 
requires N, 19-6%). 

The compound was completely reduced with stannous chloride in 
alcoholic hydrochloric acid solution and the liberated bases were 
acetylated. Diacetyl-jp-phenylenediamine, m. p. 310°, and 2- 
methyldiacetyl-^-phenylenediamine, m. p. 224°, were isolated and 
identified by comparison with synthetic products. 

Action of Bromine on 2’Met&ylazobenzene. — solution of 6 g. of 
2-methylazobenzene in 120 c.c. of a 10% .solution of bromine in 
glacial acetic acid containing :5 g. of fused sodium acetate, after 
standing at room temperature for some hours, deposited white 
needles (4 g.), m. p. 210® after recrystallisation from much acetone 
(Found : 0, 36*0, 36-4 ; H, 1-76, 1*65; N, 6*6, 6*4; Br, 57*6, 67*3; 
Jf, in bromoform, 390, 403. O^^eNgBrg requires C, 36*0 ; H, 2*1 ; 
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N, 6-6; Br, 55-4%; Jtf, 433). This substance appeared to be 
unattacked by aqueous permanganate or by stannous chloride in 
alcoholic hydrochloric acid solution. 

4-CSbloroazobenzene was obtained when p-chloroaniline was con- 
densed with nitrosobenzene. It separated from alcohol in red plates, 
m. p. 92°. 

4:-Ckhro^4'~bromoazobenzem, — 5 G. of 4-ohloroazobenzene were 
intimately mixed with 0*5 g. of ferric chloride, and 4 g, of bromine 
added ; after the reaction had become less violent, 10 c.c. of water 
were added and the paste was heated on the water-bath for 1 hour. 
The product crystallised from acetone in bright yellow needles, 
m. p. 195° (Found : 0-1859 g. gave 0-2097 g. of silver halides. Theory 
requires 0*2095 g.). 

The same product was obtained when p-chloronitrosobenzene was 
condensed with ^-bromoaniline. 

4 : 4:* -Dichloroazobenzene , — 5 G. of 4-chloroazobenzene were 
intimately mixed with 0-5 g. of ferric chloride and chlorine in excess 
was passed into the molten mass at water-bath temperature. After 
the mass had solidified, it crystallised from acetone in light j^ellow 
needles, m. p. 188° (Found : Cl, 28-4. Calc, for Ci 2 HgN 2 Cl 2 : 01, 
28-3%). Busch and Hobein (Ber., 1907, 40, 2099) give m. p. 184°. 

p-Chloronitrosobenzene was condensed with jp-chloroaniline in 
acetic acid solution and the same product was obtained. 

4 ; 4*-DicMormzo3is^b€nzem. — 5 G. of 4 : 4'-diohloroazobenzene, 
dissolved in acetic acid, were treated with 8 g. of ** Hyperol,*’ added 
in small portions ; the temperature was that of the water-bath. 
The product separated on standing over-night and crystallised from 
alcohol in light straw-coloured needles, m. p, 157° (Found : 01, 26*7. 
CiaHgONada requires Cl, 26-6%). 

4-Ghlor(h4:'-nitroazobenzene was prepared by dissolving 4-chloro- 
azobenzene in nitric acid (d 1*5) and keeping this solution below 
10° for 30 minutes. It separated from alcohol in long red needles, 
m. p, 169° (Found : Cl, 13-45. CjgHgOgNgQ requires 01, 13-55%). 

The same compound was obtained when p-nitroaniline was con- 
densed with p-chloronitrosobenzene, in acetic acid solution, at the 
temperature of the water-bath. 

3-Chloroazobenzene was prepared by the condensation of nitroso- 
benzene with w-chloroaniline. It separated from alcohol in orange- 
red needles, m. p. 68° (compare Bamberger, Ber,, 1896, 29, 103). 

^•CM€rO''4/ -nitroaz<Aenzene » — 5 G. ' of - 3-chloroazobenzene were 
dissolved in 80 c.c. of nitric acid {d 1-16) and the temperature 
maintained at 0° for 20 minutes. T^e product separated from 
in red needles, m. p. 129° (Found : N, 16-16. C^tgHgOgNgOl^HI 
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The same cqmpotmd was obtain^ when m-o^ronitrosobenzene 
was condensed witih 2 >-nitroaniline. 

S-Ghl(m>4' -bromoazobemene. — 5. G. of S-ohloiroazobemene were 
^ound into a paste with 6 c.o. of a concentrated ferric chloride 
solniion, 5 o.c. of bromine were added, and the mixture was heated 
on the water-bath for 30 minutes. After repeated erystadisations 
from alcohol the product separated in deep yellow needles, m..p. 
128® <Found : 0*1736 g. gave 0*1947 g. of silver halides. Theory 
requires 0*1950 g.). The same product was obtained wh^ m-cMoro- 
nitrosobenzene was condensed with p-bromoaniline. 

4-Methoxyazobenz6ne was jarepared by condensing nitrosobenzene 
with p-anisidine. It separated from alcohol in bright yellow plates, 
m. p. 64®. 

3-Br<moA-met1wxyazobemene . — ^5 G. of - 4-methosyazobenz6ne, 
4 g. of fused sodium acetate, and 7*5 g. of bromine in 100 e.o. of 
acetic acid were heated on the water-bath for 4 hours. The product 
separated from alcohol in long yellow needles, m. p. .78® (Found : 
Br, 27*65. Oi^uONaBr requires Br, 27*5%). 

2-Bromo-4-nttroaniso2e was prepared by adding bromine (1 mol.) 
to 4-Ditxoanisole in the presence of a little pyridine ; the product 
separated from dilute alcohol in long needles, m. .p. 108® (Found : 
Br, 34*6. CjBieO^KIBr requires Br, 34*5%). The corresponding 
base, obtained by reduction with stannous chloride in alcoholic 
hydrochloric acid solution, was condensed with nitrosobenzene, and 
3-bromo-4-methoxyazobenzene resulted. 

3 : 4'-l)ibr<mo-4r-methoxyazob&nzme was obtained when p-bromo- 
nitrosobmizene was condensed with 2-bromo-4-anisidine. It 
separated £rom alcohol in light yellow nyeedles, m. p. 123° (Found : 
Br, 43*25. OigHioONgBrg requires Br, 43*3%). 

3:4': 5-Tr^n>I»<>-4-me^z^ai^c5enze?^e. — (a) A solution of 5 g. of 
drmethoxyazobenzene and 10 g. of fused sodium acetate in 100 c.c. 
cd a 30% solution of bromine in acetic acid was heated on the water- 
bath for 24 hours and finally refluxed for about 30 minutes. Crystals 
separated on cooling. (6) 3-Bromo- and 3 : 4'-dibromo-4-methoxy- 
azobenzenes were treated in the same manner. The ooTwpov^ 
crystallised from much alcohol in ydlow needles, m. p. 130° (Foimd ; 
Br, 53*6. OjgHgON' 2 Brg requires Br, 53*5%). 

3 : S-I)kM)ro-4:-me^oxyazobmzme was prepared by passing dry 
ehlotine into a mixture of 5 g. of 4-metho:^azobenzene and 5 g. of 
sodium acetate in 100 .c.o. of acetic acid until the solution was 
saturated. It crystallised, feom alcohol in long yellow ireedles, 
m. p. 98® (Found ; Cl, 25*^. reqmres Q, 25*3%), 

3 : 5-IH(MorO'irhjfiroi^as!obemew was obtained when (a) 3 : 5- 
dichl<nn-4-nmtho:syaz6benzene was refluxed with a mixture of 
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constant-boiling hydrobromio acid and acetic acid for 8 lionrs; 
and (b) nitrosobenzene was condensed with 2 : 6-diohloro-4:-ainind- 
phenol in acetic acid solution. It separated from alcohol in brownish 
needles, m. p. 116® (lound: Cl, 26-6. .CiaH^ONgClg requires Cl, 
26-6%). • 

• 3 : i'-lXmimA’-methox^aaobenzem , — solution of 6 g. of 4-meth- 
oxyazobenzene in 30 o.c. of sulphuric jacid was treated with 5 g.' of 
potassium nitrate and kept 24 hours. The product separated 
from acetone in bright red needles, ‘ m. p. 190® (Found : ,N, 18*6. 

3 Pequires N, 18*66%). The compound was completely 
reduced with sttonous chloride in alcoholic hydrochloric acid solution 
and the bases were liberated and acetylated in pyridine solution. 
Diacetyl-p-phenylenediamme, m. p. 310®, was isolated. 

, 4-Aininoazobenzene was prepared according to Staedel and Bauer 
(Ber., 1886, 19, 1953) and converted into Ir^cetamidoazobenzene 
with acetic anhydride ; this Separated from dilute alcohol in needles, 
m. p. 144®. 

3-OklorO’4-aceUmidoazabenzene, — 6 % solution of 4-acetamido- 
azobenzene in glacial acetic acid together with an excess of fused 
sodium acetate was treated, with dry chlorine at 10 ° until the solution 
was saturated. The product crystallised from alcohol in orange 
plates, m. p. 134° (Found : (S, 13*0- Ci 4 Hx 20 N 3 Cl requires Cl, 
13*0%). 

3-C%2b^o-4H09»«9<^ was obtadned whm> thc>aeetyl deiriv^ 

ative was reSilted.^th alcohdic hydoto^ acid* for 6 houra. 
The base, which wasr< liberated linth diMe ammoniaj mystsiQised 
from dilute alcohol in deep yellp^ needles^ p* 99*5® . (Foui;id ; 
CSi, 15*2. OJ 2 HX 0 N 3 GI requires d, 15-3%)., . The compound was 
diazotised in alcoholic solution and, after refluxing, S-chloroazo- 
benzene, m. p. 67-5°, was isolated. 

2-0/ilorobenzidme was obtained when 3-chloroazobenzene was 
refluxed with stannous chloride in alcoholic hydrochloric acid solu- 
tion for 2 hours; It separated from dilute alcohol in long needles, 
m. p. 113° (Found : d, 16*3. CjgHxxNad requires d, 16*2%). 

3 : 5-IXbromo-4:-aminoazobenzene . — 10 G. of 4-amiaoazobenzene, 
dissolved m 100 c.c. of acetic acid, together with 10 g. of fused sodium 
acetate, were treated with 180 o.c. of a 10 % solution of bromine in 
acetic acid at 15®. The base orystallised from much alcohol in light 
yellow needles, m. p. 168® (compare Hewitt, JBer., 1908, 41, 1986) 
(Foimd: Br, 44*9. Calc, for Oj^H^lfjBrg: Br, 46*06%). ftn 
reduction with stannous chloride in alcoholic hydrochloric 
solution a mixture of aniline and 2 -dibromo-p-phenylenedi|^|||| 
was obtained. The latter base cry^aSised from water m 
needles, m. p. 138® (Found: !lfo, 60*16. Calc, for 
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Br, 60'15%). Hewitt and Walker (J., 1907, 91, 1141) give m. p. 
137°. 

3 : S-Dibromoazobenzene was obtained when (a) 3 : 5-dibromo-4* 
aminoazobenzene was diazotised with amyl nitrite in alcoholic 
solution; or (6) nitrosobenzene was condensed with 3 ; 6-dibromo- 
aniline. It separated from alcohol in dark red needles, m. p. 104° 
(Found : Br, 46-9. CjaHgiyBrg requires Br, 47-0%). On bromin- 
ation in acetic acid solution at water-bath temperature, this com- 
pound gave 2:4: 6-tribromoaniline, m. p. 119°. 

3 : o-Dibromohydrazobenzene . — 5 G. of 3 : 5-dibromoazobenzene in 
260 c.c. of alcohol were refluxed for 2 hours with 8*5 g. of stannous 
chloride and 10 g. of sodium hydroxide, also dissolved in 250 c.c. of 
alcohol. The alcohol was partly removed, the residue poured into 
water, and the product extracted with ether. It separated from 
light petroleum (b. p. 60 — ^70°) in small plates, m. p. 114° (Found : 
Br, 46'7. CigHioNgBrg requires Br, 46*76%). 

2 : Q-Dibromobenzidirie was obtained when (a) 3 : 6-dibromoazo- 
benzene was reduced with stannous chloride in alcoholic hydrochloric 
acid solution ; and (6) 3 : 6-dibromohydrazobenzene was refluxed 
with an excess of concentrated hydrochloric acid for 30 minutes. 
It crystallised from dilute alcohol in needles, m. p. 186° (Found : 
Br, 46*8, requires Br, 46*76%). 

One of the authors (J. B.) wishes to express his thanks to the 
Executive Committee of the Carnegie Trust for a Research Fellow- 
ship which has enabled him to collaborate in this work. 
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CCCLXXXVI . — Determination of the Pressure and 
Density of Moists Saturated Ammonium Bromide 
Vapour. 

By Andeeas Smits and Ronald Puecell. 

This investigation originated in the intention to apply the densi- 
tensimetSr (this voL, p. 2409) to a study of the influence of intensive 
drying on the vapour pressure and density of ammonium bromide. 
The moist material was first reinvestigated in this apparatus, which 
enables the pressure and density to be determined simultaneously, 
and thus avoids a source of error occurring in experiments where tlte 
pressure is measured first and the density subsequently in a separate 
apparatus. For example, the method used by Smith and Lombard 
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Fig. 2. 


(./. Amer. Chem, 8oc., 1915, 37, 38) is open to criticism unless it is 
certain that the large bulb, B (Fig. 1), was never at a lower temper- 
ature than the small one, A, while the apparatus was attaining the 
temperature of the bath ; but since, in order to hold 
the apparatus firmly in the bath, the bulb was 
wired to an iron rod protected with asbestos paper, 
it is probable that when the capillary, D, was 
sealed some solid as well as vapour was in the bulb 
B. Any adsorption of vapour on the walls will 
introduce an error in the same direction, i,e., giving 
too high a vapour density. 

With the densi-tensimeter, it is possible to pre- 
vent solid being deposited on the surface of the 
baroscope by taking readings after the apparatus is cooled from a 
higher to a lower temperature. During the cooliog, the silica 

baroscope is a little warmer 
than the outer glass wall of the 
flask, and consequently all salt 
sublimes on to the latter. 
Moreover, the newest baro- 
scopes are so constructed that 
the error caused by adsorption 
is negligible. 

E X P E E I M E N T A L. 

Fig. 2 shows the bulb con- 
taining the baroscope sealed to 
the glass-spring indicator. The 
figure also shows, however, a 
bulb with phosphoric oxide, 
which was not present in these 
experiments with the moist 
substance — ^in this case tube 
P was sealed ofi at K. This 
apparatus was cleaned with 
boiling nitric-chromic acid mix- 
ture, washed, steamed, and 
dried. The baroscope was then 
calibrated at 100®, 306®, and 
394® by altering the pressure of 
the air in the instrument 
reading the position of the pointer of the baroscope. The de 
(g./c.c.) of the air was then calculated and plotted against i 
scope readings, thus giving a calibration curve (see Table I ; 
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Temp. 100®. 


Baroscope 

reading. 

d X 10« 

3-30 

845 

3-22 

737 

2-62 

596 

2-16 

527 

1-75 

447 

1-25 

330 

1-01 

280 

0*27 

108 


Table I. 


306* 


Baroscope 

reading. 

d X 10« 

3-72 

820 

2-71 

.624 

1-95 

476 

.1*28 

336 

1-04 

288 ' 

0-60 

184 

0-40 

142 

O'lO 

61 


394®. 


Baroscope 


reading. 

d X 10«, 

3*68 

819 

3-36 

756 

- 2-78 

642 

2-13 

617 

1-72 

439 

1-42 

372 

,0-88 

267 

0-28 

fl4 


Fia. 3. 



After calibration, the apparatus was heated to near the softening 
pbint of the glass in a stream of dry oxygen. The ammonium 
btomide was introduced into the bend of the tube N (Fig. 2), which 
was then reae€ded 5 and the apparatus connected to the high-vacuum 
pump throng tap T- After exhaustion, this tap was closed, and the 
thin tube, S (eajled the bridge), sealed ofif. The apparatus was 
placed vertioafiy, ^d the zero ^sdticui of the glass-spring indicator 
ascertained in the usual manner. 
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Uie apparatus was then placed in a bath of fused potassium and 
sodium nitrates contained in a 4-litre Pyrex-glass beaker. With 
suitable illumination, the position of the needle of the baroscope 
could be read with the aid of a small telescope. The beaker was 
placed over a large double-ring gas burner and surrounded by an 
asbestos hood, in which two holes were m^e to permit baroscope 
readings to be taken. Two large Bunsen burners, for regulation 
of the temperature, also passed through this hood. 

The top of the hood was covered with asbestos board, through 
which passed the mantle of the densi-tensimeter, a resistance 
theacmometer, and a stirrer. It was possible to detect a change of 
0'005° with the thermometer, and the bath could be readily kept 
constant to within 0*1® during a reading by means of a specially 
designed stirrer with ball bearings, which was driven at 800 r.p.m. 
A number of simultaneous readings of the vapour pressure (p in 
cm. Hg) and baroscope positions were then made at temperatures 
between 330® and 400®- The results of these are given in Table II. 
The densities, d, were read from the calibration curve, and the 
vapour densities, i)(= \M), calculated from this, on the assumption 
that the gas laws were obeyed : 

D = 224 xdxTx 760/(2 x 273 X p). 


Table II. 

Besults with damp ammonium bromide. 


S'©. 

1 




bogioP. 

1-1271 

Baroscope 



Temp* 

331-8® 

10« X l/T. 
1651 

P- 

13-4 

readings. 

d X 10®. 

D. 

2 

345-6 

1617 

19-9 

1*2987 

0-88 

250 

24-2 

4 

357*7 

1685 

27-8 

1-4442 

1-29 

340 

24-0 

5 

364-3 

1569 

33-1 

1-6196 

1-62 

394 

23-7 

6 

372*1 

1550 

41-1 

1-6137 

l-91(?) 

474 

23*2(t) 

7 

380-7 

1530 

60-6 

1*7021 

2-52 

590 

23-8 

8 

386-7 

1516 

59-7 

1-7769 

2-96 

680 

23-4 

9 

396-0 

1497 

72-7 

1-8613 

3-67 

820 

Average 

23-6 

23’7 


When log p is plotted against l/T (the reciprocal of the absolute 
temperature), the points on Fig. 4 are obtained. It will be seen 
that they Ke on a straight line, thus showing that the heat of 
evaporation is not a function of temperature within the range 
investigated. This result is in agreement with the values of the 
densities in the last column, which correspond closely with complete 
dissociation, the calculated value being 24-5. It will be notic^ll 
however, that the values found are even lower than this. 
in this direction will be introduced if -there is any adsorptiof^l^^IBB 
bulb of the baroscope, and, as shown later, there is 



2940 SMITS AND PURCELL : DETERMINATION OF PRESSURE AND 


tion to give such an error, but when this is eliminated, the result 
corresponds exactly with complete dissociation. 

The above results are represented graphically in Pig. 6, where the 
vapour pressures are plotted against the temperature, the determin- 
ations by Smith and Calvert (J. Amer, Chem, 8oc., 1914, 36, 1368) 

^ and by Johnson (Z. 

physikahChem,,\^%, 

56, 39) being inserted 
for reference. It will 
be noted that our 
values are slightly 
below' those of the 
earlier workers. The 
vapour densities have 
been determined by 
Deville and Troost and 
by Smith and Lom- 
bard (Zee. cit). The 
former found complete 
dissociation at 440° 
and 860°, whilst the 
latter found a change 
from 48% dissociation 
at 300° to 10% at 390°. 
The measurements of 
Smith and his co- 
workers would seem to 
be beyond criticism, 
but closer consider- 
ation shows that an 
error must have been 
introduced, for when 
the logarithms of their 

vapour pressures are 

1400 1600 1600 1700 plotted against 1/T a 

10« X ijT. straight line is ob- 

tained (see Pig. 4). This indicates that the heat of evaporation is 
That a temperature function, and hence that the degree of dissociation 
cannot change appreciably unless the heat of dissociation is very 
small ; but since this is known not to be the case, most probably the 
dissociation is complete. Hence it was thought that Smith and 
Lombard’s density determinations were incorrect, and an independent 
method of cheeking the results was sought. 

We therefore determined the vapour density in yet another 


vismmmmtm 
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way, namely, by what we called the ‘'extrapolation method/^ 
A vapour-pressure apparatus of known volume was filled with a 
known weight of ammonium bromide, highly evacuated, and the 
bridge sealed off. The vapour density could be determined by 
measuring first the pressure curve of the saturated vapour and then 
the Boyle-Gay-Lussae line or the curve of the unsaturated vapour, 
since, from the point of intersection of the lines obtained by plotting 

Fig. 5. 



Temperature. 

X Johnson. A Smith and GcAvert, Q Smits and Purcell. 


log p against 1/T, the vapour density of the just-saturated vapour 
is readily calculated. Table in gives the results obtained with a 
glass apparatus and two other experiments with glass and quartz 
apparatus gave similar results. These three experiments carried ott^ 
in this manner, with an apparatus of Diirobax glass and quartz, 
the results in Table IV, in which the pressure and temperatu^^^H 
to the points of intersection* These points had to be 
extending the two lines mentioned above, since 
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Tabm hi. , 


Vapour pressures and temperatures (Expt. 1 ; glass apparatus). 


Temp. 

P* 

10«/T. 

LogioP. Temp: 

P- 

10-/!P. LogioP. 

362-0® 

31-5 

1575 

1-4983 381-5“ 

48-7 

1626 1-6875 

367-8 

37-1 

1S60 

1-6691 383-3 

A9-0 

1524 1-6902 

373-2 

42-4 

1648 

1-6274 387-0 

49-1 

1616 1-6911 

376-7 

46-1 

1538 

1-6637 390-4 

49-3 

1608 1^6928 

S78-9 

47*6 

1534 

1-6767 399*6 

40-:d 

1486 1-6981 

379*9 

48*3 

1531 

1*6839 






Table TV. 



Apparatus. 


Glass, I. 

Glass, n. 

Quartz, III. 

Weislit of NHiBr, g 

0-3404 

0-2108 

0-1376 

Volume of bulb. 

G.C. ..... 

... 580-3 

303-9 

310-0 

Temp. .. 



... 379-0® 

385-0® 

369-0® 

Pressure, 

p .... 


48-7 

58*0 

36-5 

B 



24*6 

24-5 

24-4 




Fig. 6. 




1-7 


1-6 


1-6 

U76 1600 1625 1550 1576 

10« X IIT. 

Intersection point : log p « 1‘6875. 1/T = 0'001535. 

p =s 48’7 cm, Hg. t = 379®. 

did not iSnd an intersection but a continuous change of one line into 
the other (see Fig. 6). 

This remarkable fact proves that there is a perceptible adsorption, 
caused by the glass wall. So long as , there is an excess of solid 
substance, this adsorption does not exert any influence on the vapour 
pressure,but when the solidsubstance has apparently just disappeared 
theoce is still a small quantity adsorbed by the wall of the vessel, 
which is gradually Kberated at higher temperatures. The effect is 
that with rising temperature the curve of the saturated vapour 
pressures is left at too low a temperature and the Boyle-Gay-Lussac 
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line is reached at too hi g h a temperature. Between these two the 
pressure is abnormally low. Both glass and quartz behaved in the 
same way. This phenomenon, which has also been found with 
mercuric iodide (Rinse, this voL, p. 1442), interested us, since it 
explained the slightly low values of vapour densities determined 
with our baroscope. The adsorption per sq. cm. of silica surface of 
the apparatus can be calculated, and from this result we find that 
the weight of adsorbed material on the baroscope is just sufficient 
to account for the low values. Though the differences are rather 
small, Smits thought it advisable to change the construction of the 
bioscope once more, in order to eliminate the error, and this was 
effected by having equal silica surfaces on each side (this vol.,p. 2410). 

Finally, the value of the heat of evaporation can be calculated from 
our results. From the formula, d log^ p jdT = QIRT^^ it follows that 

dlogep/d^i^ = Now it has been shown that log^o p is a 

linear function of 1/2^, which proves that Q is not a temperature 
function. In agreement with this, the vapour-density determin- 
ations showed that the dissociation of ammonium bromide in the 
vapour state from 330 — 400° is complete. Consequently we can 
write 2-303 log^o i? = — QIBT + 0. From Fig. 4, using Briggsian 
logarithms, we read. 


for 1 jT^ == 0-001651, log^o = M271, 

and for 1 = 0-001497, log^o ^ 1-SU3, 


hence 


^ /p ^ 2-303(1-8613 ~ 1-1271) 

~ 1661 X 1(P - 1497 X 10”« 


== 10980 


or 6 = 22 X 10^ cals. This value refers to 1 g.-mol. of vapour, and 
since the salt is completely dissociated, it corresponds to 1/2 g.-mol. 
of ammonium bromide ; thus (C?sQ) 2 JH 4 Br == 44 X 10® cals. The value 
given by Johnson, viz,^ 45*4 X 10® cals., differs somewhat from this. 

The value of 0 follows from 


G 


2-303(^8 log - y, logff,) . 


so that 


log,i) = — 


10980 

T 


+ 20 - 8 . 


Summary. 

Using a new apparatus, the “ densi-tensimeter ” (see Smits, this , 
vol., p. 2409), we have measured simultaneously the vapour pres 
and vapour densiti^ of ammonium bromide. When lcg| 

{dotted against l/y, a straight line was obtained, , from ^ 
follows that the latent heat of evaporation between 300® 
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not a function of temperature. TMs result indicated that most 
probably the vapour would be completely dissociated, and the 
density determinations with the baroscope showed, in fact, a total 
dissociation. 

The cause of the discrepancy between this result and that of Smith 
and his co- workers is discussed, and a possible source of error in their 
work is indicated. 

In order to check the density determinations, the authors applied 
the “ extrapolation method/' measuring the pressure of the saturated 
and of the unsaturated vapour of a weighed quantity of salt in a 
known volume. The plot of log p against 1 /T gave two straight lines, 
and when these were produced, their point of intersection gave the 
pressure and temperature of the just-saturated vapour, from which 
it was calculated that the corresponding vapour density agreed with 
complete dissociation. 

The two straight lines did not actually intersect, however, but 
curved and merged into one another, thus indicating a perceptible 
adsorption on the wall of the apparatus. 

Calculation indicated that if , the baroscope reading was corrected 
for this adsorption the result agreed with that obtained by the second 
method. 

The heat of evaporation of ammonium bromide was calculated 
from the experimental data and found to be 44,000 cals. 

The University, Amsterdam. [Received, July IZth, 1928 .] 


CCCLXXXVII . — Determination of the Pressure and 
Density of Moists Saturated Ammonium Chloride 
Vapour. 

By Andreas Smits and Wilhelmus de Lange. 

In the course of our study of the influence of intensive drying on 
the pressure and density of saturated ammonium chloride vapour 
by means of the densi-tensimeter (this voL, p. 2409), we required, 
as in the case of ammonium bromide (Smits and Purcell, preceding 
paper), accurate data for the moist material, and as Braune and 
Knoke {Z. physikah Chem,, 1928, 135, 49) have recently described 
experiments on this subject, we thought it desirable to publish this 
part of our study at once. 

For the solution of the “ ammonium chloride problem,” it was 
necessary to determine the vapour pressure of the solid and the 
density of the saturated vapour simultaneously, and this is rendered 
possible by our densi-tensimeter. In previous determmations of 
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the density of the saturated vapour, the vapour pressure of the solid 
was measured first, and the density was subsequently found either 
by sealing off a bulb of the same apparatus (Johnson, ibid,, 1908, 
61, 457), or by use of a separate apparatus, care being taken that 
the apparatus was filled with the saturated vapour (Smith and 
Lombard, J. Amer, Chem, Soc,, 1916, 37, 38). As already explained 
(Smits and Purcell, he, cit), however, the possibilities of error 
in such determinations are considerable, for the density bulb which 
must be sealed off may never have been at a lower temperature 
than the bulb with the solid ammonium chloride. Johnson inten- 
tionally kept the density bulb at a slightly higher temperature than 
the solid substance. On the other hand, Smith and Lombard 
wished to determine the density of the completely saturated vapour, 
and therefore tried to keep the bulb containing solid ammonium 
chloride and the density bulb at exactly the same temperature; 
Smits and Purcell, however, adduced a reason why these authors 
did not succeed in the case of ammonium bromide, and it is now 
shown that their results for ammonium chloride also are incorrect, 
probably for a similar reason. Braune and Knoke tried to avoid 
the difficulty. They first determined the pressure of the saturated 
vapour in an apparatus of known volume, and after the solid 
substance had disappeared and the vapour had become unsaturated, 
they continued the pressure reading at different temperatures. 
Then all the salt was condensed m a bulb which was sealed off, 
and the quantity of salt was thus determined. They therefore 
found the density of almost saturated and of less saturated vapour. ♦ 

Our purpose was to find the density of the completely saturated 
vapour by the two different methods described by Smits and 
Purcell (Zoc. cii,). 

In the second method (the “ extrapolation method *'), it was 
shown that any error introduced by adsorption of vapour on the 
wall of the density bulb could be detected and an appropriate 
correction made in the density. 

ExperimerUs witK the Densi^teusmieter, 

We used two baroscopes, A and B, which correspond respective!/ 
to Figs. 2 and 3 given in the description of this apparatus (this 
vol., p. 2409), and the method by which they are sealed to the 

* Braune and Knoke did not use the glass-spring indicator, the zero 
position of which, as we stated long ago, is independent of temperature, bufe 
they used a glass spiral, of which the position is influenced by texhperat^^ 
so they were obliged to apply a correction. . , 

The vapour pressures indicated in their tables as “ Dissoziations^^i^^^H 
are much too low. ' 
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vapoiir-pressTire apparatus mth the glass-spring indicator is shown 
in the paper of Smits and Purcell (Kg. 2), where details of the 
method of using the apparatus are also to be found. 

The two baroscopes were calibrated at different temperatures as 
already described. The data for baroscope A are those already 
given; those for B are in Table I, and the two calibration curves 
are shown in Fig. 1. The vapour dexi^ities are calculated from 
the densities {d ; in g./c.c.) read from the calibration curves by the 
formula : 

D ^ JJf = 224 X 76d5P/2 X 273p = 31-18dT/p. 

. After the necessary preliminary operations, a number of simultaneous 
readings were made at temperatures between 264° and 353°. The 

densities were read from the 
calibration curve and the 
vapour densities calculated. 
A few of the results are 
shown in Table II, where p 
is given in cm. of mercury; 
the other points are included 
in Kgs. 2 and 3. Both baro- 
scopes give identical results, 
and since the theoretical 
value for complete dissoci- 
ation is J X 63*5 = 13*4, it 
follows that the saturated 
vapour in the temperature 
range 280 — 340° is completely 
dissociated. 

When logp is plotted against 1/T, the points marked © in 
Kg. 2 are obtained. These points lie on a straight line, which 
shows that is not a temperature function within the range 
investigated. This result is in complete agreement with the density 
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Table I. 
Baroscope B. 


Temp. 100^ 265°. 311° 


Baroscope 

reathng. 

d X 10* 

Bar<^cope 

reading. 

d X 10« 

Baroscope 

reading. 

d X 10« 

3«72 

702 

3-81 

732 

3-36 

651 

2-95 

581 

3-00 

597 

3*11 

608 

2-70 

533 

2-59 

620 

2-61 

524 

2-08 

415 

1-78 

335 

2-28 

450 

1-73 

335 

1-23 

196 

1-67 

321 

0-99 

135 

1-01- 

130 

M4 

173 

0»91 

116 

0-91 

113 

0-80 

S3 
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Table II. 

Vapour densities of damp ammonium chloride. 







Baroscope 

d X 108. 

Temp. 

T. 

10«/T. 

P- 

logioP. 

reading. 




Baroscope A. 



254-9° 

527-9 

1894 

6*87 

0-769 

— 

— 

303-4 

576-4 

1735 

27-95 

1-446 

— 

— 

311-5 

584-5 

1711 

35-84 

1-554 

0-91 

269 

320-2 

593-2 

1686 

47-10 

1*673 

1*29 

347 

328-5 

601-5 

1663 

58-00 

1-763 

1*62 

414 

335-4 

608-4 

1644 

70*18 

1-846 

2-04 

500 

341-0 

614-0 

1620 

80-43 

1-905 

2*38 

570 

352-€ 

625-6 

1598 

108-13 

2*034 

— 

— 




Baroscope B. 





1818 

12-02 

1-080 

— 

— 
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density was then used in order to find whether adsorption occurred, 
and if so, to what extent. A vapour-pressure apparatus of known 


Fig. 3. 



volume was therefore filled with a known weight of ammonium 
chloride, highly evacuated, and the bridge sealed off. The pressure 
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of the saturated vapour was measured first and then the Boyle- 
6ay-Lussao line, or the curve of the unsaturated vapour. The 
point of intersection of the lines obtained by plotting log p against 
1/y enables the vapour density of the just-saturated vapour to be 
calculated. 

Two series of experiments were carried out with a quartz-appar- 
atus with both rising and falling temperatures, and readings were 
recorded only after the vapour pressure at any one temperature had 
been constant for an hour. The results are in Table III, 






Table III. 





Temp. 

T. 

WjT, 

P- 

logioP. 

Temp. 

T. 

io»/r. 


logwl?* 

251*0® 

524*0 

1909 

5-20 

0-716 

280*2® 

553*2 

1808 

13*51 

1*131 

264*9 

537*9 

1859 

8-26 

0*917 

300*6 

573*6 

1743 

24*96 

1*397 

317*5 

590*5 

1693 

25*96 

1*414 

314*3 

587*3 

1703 

25*72 

1*410 

331*9 

604-9 

1653 

26*68 

1*426 

300*5 

573*5 

1746 

25*14 

1*400 

357*4 

630*4 

1586 

27*89 

1*445 

294*6 

267*6 

1762 

21*95 

1*341 

324*8 

597*8 

1673 

26*22 

1*419 

287*6 

660*6 

1784 

17*81 

1*236 

307*5 

380*5 

1723 

25*57 

1*408 

296*6 

569*6 

1766 

23*10 

1*364 






301*5 

574*5 

1741 

25*18 

1*401 






283*2 

556*2 

1798 

14*87 

1*172 






252*3 

525*3 

1904 

5*46 

0*787 


When log p is plotted against 1/T, two straight lines (Fig. 4) are 
obtained; these intersect in a point such that log p = 1*399 and 
1/T = 0*001746, i ,e., p = 25*06 
cm. and T == 672*7. Since 
the volume of the apparatus 
was 314*7 c.c. and the weight 
of ammonium chloride 69*6 
mg., the density is 15*4, which 
is just the theoretical value 
for complete dissociation, ^5, 
whereas the densi-tensimeter f 
gave J3‘4S. 

These determinations were 
also important in decidrog 
whether there was any per- 
ceptible adsorption by the 
quartz wall, as in the case of 
ammonium bromide. From 
Fig. 4, and also from Fig. 5, in which p is plotted against temper- 
ature, it is seen that if a continuous change of one line into the other 
exists at all it can only occur over an exceedingly small range of 
temperature, and hence, unlike the bromide, ammonium chlori^ 
is not perceptibly adsorbed by the quartz wall, and the same 
apply to glass. This explains why both forms of the 
(A and B) gave exactly the same results (Table II). ■, 


Fig. 4. 
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The points derived from other workers’ determinarions of the 
vapour pressure have been inserted in Kgs. 2 and 3. It will he 
noted that the values of Johnson are not very correct; those of 
Smith and Calvert (J. Amer. Ckem. Soc., 1914, 36, 1363) and of 
Braune and Knoke are much better. If Smith and Calvert had 
plotted a curve as in Kg. 2, they would have found that their 
points lie on a straight line, and hence that the heat of evaporation 
is not a temperature function and the degree of dissociatitm could 
not change appreciably, unless the heat of dissociation were v^y 
small, which is known not to be the case. Consequently, before we 

Fig. 5. 



Temperaiure. 


started our vapour-density determinations it was already almost 
certain that practically complete dissociation would be found. 
Smith and Lombard {he. eit.), however, found a dissociation varying 
from 56'5 to 63'6% in the temperature range 280 — 333®. 

Earlier workers, viz., DeyiUe and Troost {Ann. Ghim. Phys., 1860, 
68, 257 ; Con^f. rend., 1859, 49, 242), Bamsay and Young (PM. 
Trans., 1886, 177, 99), and Pullinger and Gardner (P., 1891, 7, 2), 
applying resp^^vdly the methods of Pumaa, Hofmann,, and Victor 
Metyer, found degrees of dissociation of 82 — 98% between 280® and 
400°, but Smith thoi^ht that the difierenoe between these values 
and his own was dbe to the fact that most of the earlier determin- 
aiiona related to unaaturated vapour and that, m consequence of 
the slow evapoxatkin, the Viotor Meymr method did not give ezapt 
results, owing to dyiiision' before the reading could be taken. 



DENSITY OF MOIST, SATUIRATED AMIVIONIITM CHL03RIDE VAPOUR. 2951 


Similarly, Smith contended that other high degrees of dissociation 
{e.gr. 100% and 91% at 360°, Baker, J., 1894, 65, 611 ; 95% at 380°, 
Gutmann, Annalen, 1898, 299, 282 ; 98% at 322°, Johnson, he. cit.) 
were due to the vapour being unsaturated in these cases also. 
Oim determinations, carried out in two different ways, prove, how- 
ever, that Smith and Lombard’s density determinations must have 
been incorrect for reasons already given (Smits and Purcell, he. cit.), 
and the measurements of Braune and Knoke, relating to vapours 
some of which were almost saturated, also indicated complete 
dissociation.* 

Finally, the heat of evaporation and the constant C in the vapour- 
pressure formula 2-303 logi^p =s=5 — QjBT + G can be calculated 
from our results by applying the methods used by Smits and 
Purcel? (he. cit.). From our graph we have 

for l/T^ ^ 0*001960, log = 0-735, 

and for l/y^ = 0-001600, log p^ = 2-025 ; 

hence QjR == 9903, or Qqq = 19*8 x 10® cals. This value refers to 
1 g,-mol. of vapour, and since we have found that the vapour is 
completely dissociated, it corresponds to 0*5 g.-moL of ammonium 
chloride, so the value for 1 g.-mol. is (Q 8 a)isrH 4 ca = 39-6 X 10® cals., 
whereas Johnson found 37*8 x 10^ cals, and Braune and Ejioke 
39f4 X 10® cals. 

Also, from the same data, C = 20*6, and hence the vapour- 
pressure formula is,>,- 

2^303 logi^p « 9903/2^ + 20*5 

whence the sublimation temperature (for’n=:76) is T 612*3° 
(336*3° C.). 

Summary. 

Using the latest form of the densi-tensimeter and also its im- 
medi^te predecessor, the authors determined the pressures and 
of moist, saturated ammonium chloride vapour, as a 
prehmiiiary to studying the influence of intensive drying on these 
properties. 

Vapour-pressure determinations showed that the heat of sublim- 
ation is not a temperature function within the range 254^363°; 
and the density determinations give the explanation of this be- 
haviour, for they show the dissociation of the saturated vapour to 
b^ practically complete over the same range of temperature. 
Si mi l a rly, complete dissociation was found by using the extra- 
polation method previously described. 

,The remarks of, Braune and Knoke about the explanation of the behaviour 
of intensely dried ammonium chloride are incorrect. Our results with the 
moist material do not affect thaii explanation at all. 
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The authors conclude that the results of Smith and his collabor- 
ators, giving dissociations of about 60%, must be incorrect — ^prob- 
ably for the same reason that their results for the vapour density 
of ammonium bromide are incorrect. The results of Braune and 
Knoke are in agreement with those of the authors. 

The molecular heat of sublimation for 1 g.-mol. of ammonium 
chloride is calculated to be 39'6 X 10® cals., and from the derived 
vapour-pressure formula the sublimation temperature is calculated 
as 339-3°. 

The U3srrvEE.siTY, Asistebdam. [Received, September *lth, 1928.] 


CCCLXXXVIII . — Adsorption of Vapour on a Quartz 
or a Glass Wall. 

By Anduisas Smits. 

Smits and Pukcbll (this vol., p. 2941) have shown that their “ extra- 
polation method ” enables one to find, not only the vapour density 
of the saturated vapour, but also the extent of adsorption by the 
walls of the apparatus. In the case of ammonium bromide, the 
change of the vapour-pressure curve of the saturated vapour into 
that of the unsaturated vapour (Boyle-Gay-Lussac curve) was not 
sharp, but took place over a temperature range of several degrees, 
1 . 6 . , the saturated vapour-pressure curve was left at too low a 
temperature, and the Boyle-Gay-Lussac line was reached at too 
high a temperature. This continuous curve was foimd with both 
rising and falling temperatures, so there is no doubt as to its reality. 
Both quartz and Jena glass apparatus were used, and in order to 
keep the wall as smooth as possible, the apparatus had not been 
allowed to come into contact with water or water vapour. 

These experiments were of great interest, since the results of 
McHaffie and Lenher (J., 1926, 127, 1659) and of Lenher (J., 1926, 
1786 ; 1927, 272) on the adsorption of water and benzene vapour on 
glass, silica, and platinum surfaces at temperatures near the satur- 
ation temperature had been criticised by Fraser, Patrick, and 
Smith (J- Physical Chem,, 1927, 31, 897) on the ground that the 
walls of the apparatus were not plane, but had been etched by acid- 
cleaning. These authors had observed that for water and toluene 
the smoothness of the surface was very important, and that no 
adsorption of toluene on a plane surface could be detected by 
vapour-pressure determinations. At the time of publication of 
Fraser, Patrick, and Smith’s paper,. Rinse was completing investig- 
ations (this vol., p. 1442) in the author’s laboratory which showed 
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that mercuric iodide was adsorbed in layers 500 molecules thick at 
300°, even though the glass walls had been kept as smooth as 
possible and had not been in contact with water or water vapour. 
Still more recently, J. W. Smith (this voL, p. 2045) has shown that 
a platinum vessel, of which the walls had been amalgamated in 
order to render them as plane as possible, adsorbs molecular layers, 
the number of which increases as the saturation temperature is 
approached : within the range of 30° the maximum number of 
adsorbed molecular layers was 40 in the case of water and 300 in 
the case of benzene. Further, de Boer {Physica, 1928, 8, 145) has 
found that even at room temperature 30 molecular layers of iodine 
are adsorbed on calcium fluoride, and if it had been possible to 
approach the saturation temperature more closely, this number 
would probably have been much higher. 

The author’s application of the extrapolation method to find the 
degree of adsorption by the glass wall has been mentioned (Smits 
and Purcell, this voL, p, 2943) but not yet described. In the paper 
quoted, Kg. 6 shows the continuous change of the saturated into 
the unsaturated vapour-pressure curve, and on extrapolation the 
two lines intersect at a point corresponding to 379° and 49 cm. Hg. 
The vapour pressure measured at this temperature was, however, 
48 cm. Hg, i.e,, 1 cm. too low. The bulb of the apparatus had a 
radius of 6*26 cm., so the surface was 346'36 cm.^, or say 350 cm.®. 
The bulb contained 0-3404 g. of ammonium bromide, so the decrease 
of 1 cm. in the vapour pressure corresponded with 0-0068 g., i.e., 
the number of adsorbed molecules is 4-23 X lO^®. From Z-ray 
investigations on ammonium bromide it follows that in a crystal 
layer a molecule has a cross section of 25 X 10“^® cm.®. On a surface 
of 360 cm.®, therefore, 14 x 10^® molecules can be arranged in one 
layer, but since 4-23 x 10^® molecules were adsorbed, the number 
of adsorbed molecular layers would be 300. This result is very 
remarkable and of the same order as that obtained by Rinse and 
by Smith. 

Although this phenomenon is being further investigated in this 
laboratory with various surfaces and substances, the following 
points may already be emphasised. Suppose we have a bulb con- 
taining a liquid or a solid volatile substance, and adsorption occurs 
on the wall of the vessel, which is a general phenomenon; the 
system wall + adsorption layer will then be a part of the whole 
equihbrium system. Equihbrium cannot be established before the 
glass wall has adsorbed so many molecular layers that the vapjOjijf^ 
pressure of the “ wall-phase ” (as we may call it) is the 
that of the solid or liquid phase in the bulb. Now, 
experiments seem to show that, depending of course on 
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of the substance, the waE-phase can consist of a large number of 
molecular layers, and if we accept this conclusion, the following 
considerations arise. 

On increasing the temperature to the stage at which the last part 
of the solid or liquid phase has just disappeared, the wall-phase 
will still have a pressure equal to that of the saturated vapour 
at that temperature. Further increase of temperature causes the 
number of adsorbed molecular layers to become smaller and smaller. 
If the solid or liquid phase had still been present, the number of 
adsorbed molecular layers would have increased, so that now, the 
solid (or liquid) phase having disappeared, the number of adsorbed 
molecular layers is too small to give a pressure equal to that of 
the saturated vapour at the same temperature. The wall-phase 
will consequently give a lower vapour pressure, and the deficiency 
will increase continuously with rising temperature. 

Finally, the wall-phase disappears, leaving behind probably a 
unimolecular layer, and the Boyle-6ay-Lussac line is practically 
reached. 

Summary. 

It is shown that experiments of other investigators and also of 
the author indicate that the adsorption films on a mercury surface 
and on glass or quartz surfaces, as plane as possible, formed in 
almost saturated vapour, can consist of a large number of molecular 
layers. 

Tbtb UjavEBSiTV, Amstbbdam. [Received, Se^ptember I4ih, 1928 .] 


CCCLXXXIX . — A Phase Mule iTWestigaMon of Gwpric 
Bromide in Aqueom and Hydrolromio Add 
Sohtiions. 

By STDNEr BrATmioirD Carteb and SToeman Joseph Lane 

Megsoh. 


Apaht firom the desirability' of acquiring accurate data for the 
solubility of copper bromide, a number of interesting problems 
ai^ ' concerning its hydrates and hydrobromides, as well as the 
renuirkable colour effects which are observed in hydrobromio acid 
solutLcms containing cnpiio salts. IVom its heat of formation, 
Bodlinder {Z. jpkysiixil. Chem., 1898, 27, 61) has calculated the 
soIuWlity of eupric bromide in water as 1*3 equivs. per litre, hut 
this value, 'which presumably refers to ordinary tempCTatures, is 
necessarily' cmly approximate and has not yet been venffed. ' 

The salt is teown in the anhydrous form and as a tetrahydrate. 
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the former being obtained by evaporation of solutions on the 
water-bath, and the latter crystallising as green needles from 
solutions at about 0°; Kurnakow and Sementschenko {Z, anorg, 
Ghem.^ 1899, 19, 337} give 29*0 — 30*6® as the transition temperature 
of the system. The tetrahydrate has no analogue in cupric chloride, 
the stable variety of which is CuCl2,2H20. Lowig (“ Das Brom 
und seine chemischen Verhaltnisse,’’ 1829) is said to have obtained 
CuBr 2 , 2 H 20 by evaporation of solutions of cupric bromide, but 
Berthemot (Ann, Chim, Phys., 1830, 44, 386), although usually 
credited with preparing greenish-yellow needles of the same salt, 
gives no analyses. 

Cupric bromide gives a deep violet coloration with hydrogen 
bromide, which is attributed by Sabatier (Gompt, rend,, 1894, 118, 
1260) to a hydrated hydrobromide ; he prepared this salt in an un- 
stable condition by passing hydrogen bromide into saturated cupric 
bromide solution, and although analysis gave 3CuBr2,2HBr,6H20, 
he considered that, owing to instability, it was really represented 
by CuBr2,HBr,2H20. Dilution tended to destroy the colour, but 
if the dilution had not been carried too far heating restored it. 

Other bromides (e.g,, those of potassium, sodium, calcium, and 
especially lithium) also give this colour with cupric bromide, and 
Kurnakow and Sementschenko (loc, cit.) have isolated a compound 
CuBr2,2LiBr,6H20. Moreover, cupric chloride and sulphate give a 
similar colour reaction with hydrpbromio acid. 

Weinland and Kndll (Z. anorg, Ghem,, 1905, 44, 116) prepared 
black, hygroscopic needles, to which they assigned the formula 
CuBr2,HBr,10H2O, by leaving a solution of cupric bromide in 40% 
hydrobromic acid in contact with the product of the action of 
hydrogen bromide on molybdenum trioxide; if the molybdenum 
compound was omitted, cupric bromide was the sole product. 

Since Foote (J. Amer. Chem, Soc,, 1923, 45, 663), from a study of 
the system cupric chloride-hydrogen chloride-water, had found 
CuCl 2 , 2 H 20 to be the only stable solid phase at 25®, whereas at 
0®, in high concentrations of acid, the compound CuGl2,HCl,3H20 
existed in addition, we undertook a similar study of the bromine 
analogues in order to gain information on the various points raised 
in the foregoing discussion. 

Expeeimental. 

Materials, — Cupric bromide was used in the anhydrous form, but 
since it was liable to contain a small percentage of cuprous bromide, 
it was purified by oxidation with hydrogen peroxide, or by recrystal- 
lisation. 

The hydrobromic acid for the weaker solutions was approximately 
5e 
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6N ; frequently, however, higher concentrations were required, in 
which case the gas was prepared by the action of bromine on a 
solution of naphthalene in xylene (Kastle and Bullock, Amer, 
Ghem. J,, 1896, 18, 105) and purified by red phosphorus suspended 
in concentrated hydrobromic acid. The purity of the gas was 
tested by repetition with it of several solubility determinations 
already obtained by the use of the aqueous hydrobromic acid, and 
in all oases identical results* were obtained. 

Analytical Methods , — Copper was estimated volumetiioally by 
titanous chloride, standard ferric alinn and a large excess of 10% 
potassium thiocyanate being used as indicator. The latter con- 
tained hydrochloric acid (about IN) to stabilise the cupric and 
ferric thiocyanates formed, as recommended by Emmett (J., 1927, 
2059), Bromide was estimated by Volhard’s method. Estimations 
of the radicals in trustworthy specimens of cupric bromide were 
quite concordant, and showed that these methods were accurate 
to within 1 part in 300 or 400 parts. 

Solubility Apparatus , — ^In view of the high solubility of cupric 
bromide in water, it was desirable to use fairly small quantities of 
solution. Accordingly, a solubility vessel was devised in which 
the lower portion was narrow (2*6 cm. diameter ; capacity 40 o.c.), 
whilst the neck was wide enough to take a rubber bung carrying 
a mercury-sealed stirrer and a sliding glass stopper. A small glass 
cup was sealed on to the shaft of the stirrer to prevent ground 
glass and vaseline lubricant falling into the mixtures. 

The sliding stopper was used for inserting a tube for the removal 
of the liquid-phase samples through small sintered-glass filters, 
into either a pipette or a weighing bottle. The collecting apparatus 
was suitably water-jacketed at the appropriate temperature when 
necessary. An approximate density determination of the liquid 
was obtained at this stage by collecting a further sample in a small 
pyknometer having a capacity of about 1*0 c.c. The solid phase 
was finally examined by draining away the remaining liquid and 
removing a specimen of the moist solid by a flattened glass spatula. 
The solubility mixtures were usually stirred for 7 — 8 hours, and 
this period was shown to be ample for the attainment of equilibrium. 

The System CuBra-HgO. 

Solubility determinations (Table I) were made at a series of 
temperatures ranging from to 50^, the solid phase being examined 
in each experiinent. The results are stated as g, of anhydrous 
CuBrg per 100 g. of solution, and are shown graphically in Fig. 1. 

Examination of these figures in conjunction with the graph 
shows two features of interest. (1) First, the solubility of cupric 
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Table I. 


Temp. 

O-O" 

5-75 

9-9 

lo-O 


Appearance of 
CuBi’a, %* solid phase, 

Ko'e 1 Green needles in 

, j- deep brown 

To 


Temp. 

20*0" 

25-0 

30*1 

34*8 

60-0 


CuBi’a, < 
65-9 
55*8 
56-1 
56-0 
56*8 


{Metastable staie) 
0*0 * 55*7 


Appearance of 
solid phase. 


Black rhomboids 
in deep brown 
liquid* 


* This value was obtained by stirring only a slight excess of cupric bromide 
with water for 5J hours at 0°, a supersaturated solution being produced. 

bromide is considerably greater than the value given by Bodlander 
{loc. cli,) : the saturated solution has df 1*84 (see below), giving 
the solubility of the 
anhydrous salt as 
1030 g. or 9*2 g.- 
equivs. per litre. 

(2) Secondly, there is 
a distinct break in 
the curve between 
16® and 20°, indi- 
cating some change 
in the solid phase 
present, and corre- 
sponding with the 
difference in ciystal- 
line form noticed 
under the microscope 
(see Table I), 

It was considered 
that the greenneedles 
represented the tetra- 
hydrate described by 
several workers 
Sabatier, BriU. Soc. 
cftiw., 1894,11,677). 

This was oon&med 

mg a - sample as 

rapidly aa possible at S'- 

a low temperature. It was a bright olive-green solid (Found : 
(3uBrg, 75-85. Calc, for CaBr2,4H20 : 76*63%), darkening on keeping 
for a few days at room temperature. , . f ^ 

On drying a sample of the black ihomboidal crystals on m } 
tile and filter paper at room temperature, a solid was 
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apparently identical with the anhydrous cupric bromide (Found : 
CuBrg, 99*9%). The lower portion of the curve therefore repre- 
sents the solubility of CuBr2,4H20 in water, whilst the upper portion 
gives the solubility of anhydrous CuBrg. The latter is peculiar in 
.that it has little or no temperature coefiScient over the ranges 
0 — 18 — ^26®, and only a slight positive one from 35® to 50®. 

The break in the curve at 18*0® obviously corresponds to the 
transition temperature of the hydrated salt; since this value is 
about 12® below that given by Kurnakow and Sementsohenko 
[loc. ciL), various methods were adopted to substantiate it. 

The Transition Temperature of CuBr2,4H20 CuBrg + 4HaO. 

Experiments with the dilatometer indicated that the transition 
temperature lay between 21® and 14®, but owing to considerable 
supercooling, the method was unsuitable for more exact values. 

A thermometrio method gave more information, since the heating 
and cooling curves exhibited breaks at 19*8® and 16*2®, respectivdy, 
indicating a transition temperature of approximately 18®. Several 
difficulties prevented this determination from being completely 
successful, however, the chief being the consistency of the solid, 
which rendered efficient stirring almost impossible, 

A more accurate value was obtained by using a modification of 
the thermometric method, due to Richards (Z. physikal. Chem,, 
1898, 26, 690). A specimen of the tetrahydrate was prepared by 
intimately mixing 12 g. of the recrystallised salt with the theoretical 
amount of water (4 g.) and cooling the mass in ice with continuous 
stirring until it became nearly solid. The mixture was drained on 
porous plate, and allowed to dry in a closed vessel below 10°. The 
hard green cake so produced showed the characteristic green needles 
of the tetrahydrate under the microscope, and since analysis 
indicated almost 100% of that salt, it was used without further 
purification. 

About 12 g. of this salt were introduced into a test-tube fitted 
with thermometer and glass stirrer, and contamed in a wider tube, 
leaving an annular air space of about 3 mm. The whole was 
placed in a water-bath at 19-6®, and the inner tube removed and 
dipped in the warm water until partial melting of the contents 
occurred; it was then wiped dry, replaced in the jacket, and 
allowed to stand in the bath. On stirring, the temperature of the 
mixture fell from 18‘5® to 17*97®, where it remained constant for 
46 minutes. It then rose slowly to 18-08® after falling to 17*90®, 
and finally fell with the temperature of the outer bath. The value 
17*97® was therefore taken as the transition temperature of the 
system* 
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No evidence was found to support the existence of OuBr2,2H0O 
either microscopically or from an examination of the solubility 
curve. The published analyses of this substance by previous 
authors were possibly carried out on samples of CuBr2,4H20 which 
had effloresced. 


The System CuBrg-HBr-HaO at 25®. 

This system was investigated in the hope of elucidating the 
constitution of the compound prepared by Sabatier {Compt. rend., 
1894, 118, 1260), and also of obtaining some evidence as to the 
cause of the violet colour produced by strong hydrobromic acid 
solutions and copper salts. 

Various mixtures of hydrogen bromide in water were stirred with 
cupric bromide for 7 — 8 hours in the solubility bottle at 26°, and 
samples of the liquid phase and of the moist solid were then collected 
and analysed, the results being given in Table II and plotted 


Table II. 


Mixture. 


Liquid phase. 

Moist solid phase. 

CuBra, %, 

HBr, %. 

CuBra, %. 

HBr, %. 

1 

1-84 

55*8 



100 


2 

1*82 

52*3 

2*9 

80*8 

1*4' 

3 

1*78 

48*3 

6*3 

— 

— 

4 

1*73 

43*2 

10*6 

81*8 

3*8 

5 

1*69 

37*6 

15*4 


«... 

da 

1*68 

37*0 

15*8 

81*5 

5*0 

6 

1*65 

32*9 

19*4 

82*2 

6*1 

6a 

— 

32*8 

19*7 

— 

— 

7 

1*63 

26*9 

26*0 

69*1 

10*9' 

8 

1*64 

25*9 

26*9 

76*7 

8*4 1 

9 

1*65 

23*1 

31*9 

73*6 

11*3 

10 

1*68 

22*2 

34*6 

— 

— 

10a 

1*68 

21*8 

36*0 

75*1 

11*6 

11 

1*72 

20*4 

39*1 

78*4 

10*6 

12 

1-74 

19*2 

42*1 

75*4 

12*6 

13 

— 

18*6 

43*6 

62*3 

19*8 

14 

1*79 

15*8 

48*0 

79*4 

IM 

15 

— 

15*1 

48*8 

— 

— 

16 

— 

11*8 

53*5 

58*9 

25-1 

17 

— 

10*8 

54*7 

— 



18 

1*83 

7*7 

69*3 

51*4 

30-7 , 


Mixtures 1 — 7 have a-CtiBrg as the stable solid phase. 
Mixtures 8 — 18 have as the stable solid phase. 


* Under the microscope the solid phase appeared as black rhomboids, 
t Under the microscope the solid phase appeared as rhomboids mixed with 
much amorphotis solid. 

% Under the microscope the solid phase appeared as small, black, non- 
crystalline particles. 

graphically m Mg. 2. Mom the compositions of the moist 
those of the pure solid phases were deduced by Schre|f»;pi{| ^3 ^i fa fs 
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method {Z. physikaL C%em,, 1893, 11, 76), and the experimental 
values all pointed consistently to anhydrous cupric bromide as the 
solid in equflibrium throughout the whole range of acid solutions. 

In order to obtain solubilities in high concentrations of acid, a 
saturated solution of hydrogen bromide at 26° was prepared by the 
method previously described. Attempts were made to move still 
further along the curve by passing hydrogen bromide into various 


Fio. 2. 
HBr 



solutions of aqueous cupric bromide, but these were only successful 
in special circumstances. When these high concentrations of acid 
were being dealt with, much fuming took place, and as a precaution, 
water was initially placed in both weighing bottles to prevent loss 
of the gas from the samples of phases extracted. 

The solubility of the cupric bromide is seen to diminish with 
increasing concentrations oi hydrobromic acid, falling from 65’8% 
to 7*7% with increase of acid from 0% to 59’3%. The solubility 
curve shows only one break (at Mixture 7), and the solid phase in 
equilibrium with the solution is in every case pure cupric bromide. 
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The latter fact had already been foreshadowed for low concen- 
trations of acid by the results from the two-component system. 

The density of the solution shows no marked break, but on the 
other hand has a definite minimum. It descends smoothly from 
1-84 to 1*63, then rises regularly again to 1-83. Mixture 7, where 
the break in the curve occurs, in addition to possessing the minimum 
density of 1-63, has other important features of interest, first, in 
relation to the colour of the solution, and, secondly, in connexion 
with the form of the solid phase. 

(1) When hydrogen bromide was introduced in small quantities 
into the deep brown saturated solution of the copper salt, a violet 
tinge was imparted to the solution, gradually increasing in intensity 
with rise in concentration and masking the brown colour. When 
the concentration of the acid indicated by Mixture 7 was reached, 
all traces of brown disappeared, and the solution assumed a bright 
violet colour, which persisted in an intensified degree with increase 
of acid. In thick layers, these solutions were almost opaque. 

(2) Microscopic examination of the solid phase at low concen- 
trations of hydrogen bromide showed black, rhomboidal crystals in 
a brown or violet-brown solution. These persisted in concen- 
trations of acid up to 26% (Mixture 7) and to a small extent to 
Mixture 8, after which no definite crystalline form for the solid 
could be obtained, in spite of many attempts. 

Since, throughout the curve, the stable solid phase is anhydrous 
cupric bromide, it seems probable that the break at Mixture 7 
must correspond to a change in the form of that salt. For con- 
venience, these two forms may be designated a-CuBrg and P-GuBrg, 
the former being crystalline, and the latter existing in a non- 
crystalline form in high concentrations of hydrobromio acid. 

The Different Forma of Cupric Bromide and fhe Colours of their 
Solutions , — ^It will be noted that the ranges of existence of the 
brown and of the violet-coloured solutions coincide approximately 
with the ranges of existence of the a- and P-salts respectively, ^d 
it might be thought that the violet coloration is associated in some 
way with the p-form. The coinoidence may be merely accidental, 
but, on the other hand, it is well known that a change in the solid 
phase leads to a distinct change in the physical properties of the 
saturated solution in equilibrium with it. There are very few 
data in other systems to test whether this principle holds in the 
case of modifications of the same substance with regard to tl:^ , 
colour of their solutions, but it may be mentioned that the vsg;^^| 
acid ferric phosphates are associated with solutions baviug 
colours (J., 1923, 123, 2231). 

The changes in colour which salt solutions undergo 
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Pig. 3. 
CuBrg 


of alteration of temperature or the addition of acids or other salts 
have been extensively studied by Donnan, Sidgmck, Ostwald, and 
others (for references, see J., 1910, 97, 967), and they can usually 
be explained by considerations of hydration, ionisation, or complex 
formation. 

The Possibility of Complexes of Cupric Bromide and Hydrogen 
Bromide. — Since one of our main objects was the investigation of 
the possible solid phases, we thought it of 
interest to seek evidence of complex acid salts 
which might exist in the solid state. Examin- 
ation of the solubility curve shows no indication 
of a stable solid phase having either of the 
formulae put forward by Sabatier to represent 
the composition of the compound prepared 
by him (see points A and B, Pig. 2). An 
attempt was made to repeat his experiment 
of passing hydrogen bromide into a saturated 
solution of cupric bromide, and the mixture 
,was allowed to cool before being stirred in the 
thermostat. A modification was also intro- 
duced by cooling the solution during the actual 
passage of the gas. In each case, after stirring 
for 7 — 8 hours, the points obtained lay on the 
solubility curves (14, 16, and 17) and had 
anhydrous cupric bromide as their stable solid 



Attempts were also made to obtain analyses 
before stirring, by draining samples of the 
solid immediately after preparation by the 
HBr H 0— > a,bove method, in a closed vessel, until appar- 
® ently dry. Very inconsistent results were 
obtained, varying from practically pure ChiBrg to a compound 
having the formula CuBrgjHBrjSHEgO. The substance seemed, there- 
fore, both from its appearance while draining (during which it 
apparently lost water) and from the analysis, to be extremely 
unstable. 

Metadable Portion of System CuBr^-HBr-HgO at 25°. — Some 
determinations were carried out by stirring mixtures obtained as 
above for short periods of from 1 — 4 hours at 25° in the hope of 
gaining evidence of a complex solid phase before the latter had 
time to break up. Table IH and Pig. 3 illustrate the results 
obtained in these circumstances, the solid phase appearing under 
the microscope as very irregular particles having slight and indefinite 
ctystaUine form. 
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Table III. 


IVIixture. 

4“ • 

Liquid phase. 

Moist solid phase. 



CuBi'a, %. 

HBr, %. 

CuBrg, %. 

HBr, 0 /^. 

A. 

1-81 

15*3 

49*5 

52*6 

27-9 

B. 

1*83 

14-1 

5M 

52-0 

28-8 

C. 

1-83 

13*0 

52-4 

— 

— 

D. 

1-83 

11-9 

54*3 

41- 1 

36*0 

E. 

1-83 

11*5 

55-3 

46*7 

32*9 

F. 

1-87 

10-4 

56-7 

58-5 

26-6 


It vtU be seen from the figure that the tie-lines through the 
moist solid phases focus probably on the compound 
3CuBr2,2HBr,6H20. 

The complex is certainly not CuBrgjHBr^HgO, as suggested by 
Sabatier, although it is possibly CuBrgjHBrjSHgO ; if this were so, 
it would correspond to the analogous compound, CuCl 2 ,HCl, 3 H 20 , 
described by Foote (Zoc. cit.). Evidence that one of the above 
formulae really represents the composition of the solid phase is 
afforded by the fact that the moist solid phase gives points much 
farther from the apex of the triangle than do moist specimens of 
cupric bromide alone. 

The mixtures themselves lie on a smooth curve, of which the 
relationship to the main curve (Fig. 2) will be seen from Fig. 4, 
where a portion of the triangular diagram is drawn to a larger 
scale; being on the right of the main curve, i.e,, nearer the solid 
phase, this curve must represent the more unstable form. In 
addition, from the position of the curve subsequently obtained at 
0® (shown in Fig. 4), increase of temperature would appear to favour 
the stability of the compound, which was always destroyed after 
continued stirring for 7 — S hours at 25°, even in concentrated 
hydrobromic acid solution. 

In this connexion it is of interest to notice that combination 
between cupric bromide and soluble bromides is already suspected 
to occur in solution, and the existence of the resulting complex 
ions has been detected by Denham by migration experiments 
(Z. physihd. Chem,, 1909, 65, 641; J., 1919, 115, 1269). The 
presence of such complex compounds or their resulting ions may 
be advanced as an alternative explanation of the violet coloration 
of cupric bromide in hydrobromic acid solutions. If this were the 
case it would be in agreement with an observation of Sabatier 
{he, cil), viz.y that the violet colour of a solution which h^ 
been just destroyed by dilution may be restored by gen^; 
warming. . . ^ ^ 4 ^ 

The actual causes of the colour changes in acid solutions 
bromide, however, caimot be decided simply by a 
5 E 2 
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of solid phases in equilibrium with them : a study of the solutions 
themselves would be necessary for a complete explanation. 

The System CuBrg-HBr-HgO at 0®. 

The system at 0® was investigated in a very similar way to that 
used at 25®, although some of the experimental details were slightly 
modified. The temperature of the thermostat was maintained 
constant by a mixture of water and crushed ice. The liquid phase 


Fig. 4. 



was extracted by means of the apparatus previously employed, 
but it was necessary to jacket the filter with ice-cold water. The 
solid phase was removed precisely as before, but it was found 
impracticable to carry out density determinations at 0°, partly bj^ 
reason of the viscous nature of the solutions. Tor low concen- 
trations of acid, it was deemed advisable to inoculate mixtures 
with a crystal of CuBr2,4H20 after 2—3 hours in the solubility 
vessel, for otherwise, even after 7 — 8 hours there was considerable 
risk of supersaturation occurring, and of anhydrous bromide being 
left as the stable solid phase. Table IV and Fig. 6 summarise the 
results obtained for this system. 
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Table IV. 


Mix- 

Liquid phase. 

CuBr®. HBr, 

Moist 

soUd phase. 

CuBra, HBr, 

Mix- 

Liquid phase. 

CuBro, HBr, 

Moist 

solid phase. 

CuBro, HBr, 

ture. 

%. 

%• 

%. 

%• 

ture. 

%. 

%• 

%• 

%• 

10 

51-8 



75-85 

— 

26 

21-3 

36-2 

69-8 

13-5 

20 

45-6 

5*1 

49-4 

4-8 

27 

18-8 

41-2 

64-5 

17*8 

21 

38-1 

10-9 

49-3 

7-3 

28 

18-2 

42-0 

— 

— 

22 

31-3 

17*5 

43-9 

12*9 

29 

13-8 

49-0 

76*4 

13-8 

23 

29*4 

20*3 

43-1 

14*5 

30 

13-2 

49-7 

68-0 

24-0 

24 

28*0 

25-1 

45-9 

17-4 

31 

10-1 

55-4 

73-6 

15-5 

25 

23*6 

30*4 



— 

32 

8-4 

56*9 

53-5 

29-3 

25a 

23-2 

30-7 

71*9 

11-2 

33 

7-7 

58-8 

71-1 

18*3 


Fiu. 5. 
HBr 



As with the curve at 25°, this system at 0° shows a sharp dis- 
continuity, but in this case it is due to the solid phase changing 
from the tetrahydfate to the anhydrous salt. Mixture 24 is at the 
break and all points before that have the hydrated salt as thfeh 
stable solid phase. It has already been determined for 
that CuBr24H30 is the stable phase at 0°. Addition 
bromic acid causes a lowering of the melting point of 
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Le., it lowers the transition temperature. Hence, when sufficient 
acid has been added, the transition temperature falls to below 0°, 
and anhydrous cupric bromide becomes the only stable form. 

Microscopic examination of the solid phase for Mixtures 19 — ^22 
showed green needles in a violet-brown or brown solution. Mix- 
ture 23 showed very few needles, for these decomposed with the 
heat of the room, their transition temperature probably being 
3 — 4:° in the prevailing concentration of acid : they could actually 
be seen decomposing and producing the characteristic black rhom- 
boids of anhydrous bromide. Mixture 24 is peculiar, in that 
microscopic examination revealed only rhomboidal crystals, whilst 
the tie-line through its moist solid phase falls between CuBrg and 
CuBr2,4H20, indicating that this point is at the junction of the 
two curves. Both solids are capable of existence here, but owing 
to temperature difficulties, the hydrate was not sufficiently stable 
to be seen. From Mixture 25 onwards, the only stable solid phase 
present was anhydrous cupric bromide; from its appearance under 
the microscope, it must have been the non-crystalline ^-variety. 

When the hydrobromic acid concentrations are increased, the 
cupric bromide solutions at 0® exhibit a sequence of colour changes 
from brown to violet which are similar to those observed at 25®. 
It is noteworthy that at high concentrations of acid (i.a., in the 
region of the violet solutions) the same solid phase (P-CuBrg) per- 
sists at both temperatures, whilst in the low acid concentrations 
(brown solutions) the solid phases at 25® and 0® are a-CuBrg and 
CuBr2,4H20, respectively. No evidence of the formation of any 
ternary complex compound at 0® was obtained from the curve. 

The general temperature relationships of the curves at 0® and 
25® may be judged by an examination of Kg. 4. Over the greater 
part of the system, cupric bromide evidently possesses a positive 
temperature coefficient of solubility, and this is still more marked 
when CuBr2,4H20 becomes the stable phase at 0®. In the neigh- 
bourhood of Mixture 24, however, on the curve at 0®, the curves 
cross, indicating that in this region the solubility of the salt in 
hydrobromic acid decreases with rise of temperature. There can 
be little doubt of the accuracy of the observation, since Mixtures 28, 
27, 26, and 25 aH tend towards the curve at 25®, but the region has 
not been investigated experimentally in greater detail. 


Summary, 

1, The solubility curve of the system CuBr2-H20 has been 
investigated over the range 0 — 60®, one of two solid phases, 
OuBr2,4H20 and GaBr 2 ,, being found according to the temperature 
of the solution. 
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2. The transition temperature has been determined as 18*00° ± 
0*05°. 

3. The solubility curve of the system CuBra-HBr-HgO at 26° 
shows only a solid phase of anhydrous OuBig. There are two 
forms — a-CuBrg, which has well-dejSned rhomboidal crystals, and 
jB-CuBrg, which is non-crystalline. The break between the two 
forms occurs at 26% of HBr. 

4. A metastable portion of the system at 25° has been investigated 
and found to possess as its solid phase a complex compound of the 
probable formida 3CuBr2,2HBr,6H20, the stability of which is 
probably favoured by increase of temperature, 

6. The system CuBig-HBr-HgO has been investigated at 0°, and 
the aolubflity curve found to exhibit a break corresponding to the 
two stable phases CuBr2,4H20 and P-CuBrg. 

6. The characteristic colour changes of cupric bromide in hydrogen 
bromide solutions have been discussed in the light of this in- 
vestigation. 

7. No evidence has been obtained of the existence of CuBx*2,2H20 
in any of the systems studied. 

XJotvebsity of Birmingham, 

Edgbaston. [Received, April Bth, 1928.] 


GCCXC - — Studies in the Gomfosition of Goal. The 
Rational Ancdysis of Goal. 

By WiLFEED !Eranois and Eiohabd Vebnon Wheeler. 


A rational analysis of any coal can be given in terms of the pro- 
portions of free hydrocarbons, resinous compounds, organised plant 
entities, and uhnin compounds that it contains (see, e.gr., Cockram 
and Wheeler, J., 1927, 700), for these are the principal ingredients 
of the coal substance and they have characteristic properties. 
Such an analysis is not sufficient, however, to specify completelji^ 
the quality of the coal, for the ulmin compounds, of which it is 
mainly composed, are not identical in character in all coals. We 
have, in fact, shown (J., 1925, 127, 2236) that the properties of 
the uhnin compounds, which exist in all coals, from lignites to 


anthracites, are modified by progressive changes, in molecular 
arrangement. When first formed by the decay of vegetable tissues, 


the ulmins are readily soluble in alkaline solutions, but the furtjrp * 
the " ooalification ’’ of the material proceeds the less is its na ^j^ g 
content of soluble ulmins and the less easily can such 
“ regenerated ” by oxidation processes (see Safety in Mim 
Boards Paper No. 28, 1926). 
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Coals can differ from each other in respect of (1) the proportions 
and (2) the properties of their ingredients. There is sufficient 
evidence, which cannot be detailed here, that the chemical com- 
positions of the free hydrocarbons, resinous compounds, and organ- 
ised plant entities (e.g., spore exines and cuticular tissues) do not 
vary much whether those bodies form part of a lignite, a bituminous 
coal, or a semi-anthracite. Certainly they do not vary sufficiently 
to account for the wide differences in properties of such coals. On 
the other hand, the composition of the ulmin compounds does vary 
widely, dependent upon the coals from which they are obtained, 
by reason of differences both in the external groupings of the 
large and complicated molecule and in its internal, or nuclear, 
structure. 

A preliminary study of a series of coals suggested that a measure 
of the difference in character as between the ulmin compounds of 
two coals could be obtained by determining their reactivity ; for 
example, as regards oxidation, from the proportion rendered soluble 
in alkalis after their subjection to limited oxidation under standard 
conditions. Such a measure, a “ reactivity index for the ulmins, 
should be sufficient, in addition to a rational analysis, to specify a 
coal so that its general properties would be discernible. 

We have tested this suggestion by the examination of a series of 
coals from the same seam, the Httsburgh seam of the United 
States of America. Some of the samples were obtained through 
the courtesy of Dr. David White, of the U.S. Geological Survey, 
who himself collected them ; others were collected by one of us in 
person. The advantage of canying out a study of this kind on 
coals from the same seam Hes in the elimination of a possible com- 
plication due to wide differences in character of the vegetation 
from which the coals were formed. 

The Pittsburgh seam extends conformably over wide areas in 
Pennsylvania, Ohio, W'est Virginia, and Maryland, and the coal 
varies in carbon content from 78% at its westernmost limit, where 
it is a sub-bituminous coal (Seyler^s ortho-per-lignitous) to 90% in 
the Georges Creek region of Maryland, where it is a semi-anthracite 
(Seyler’s sub-meta-bituminous). When the coal measures of the 
Allegheny formation were deposited, there existed over these areas 
a vast coastal plan, or an area of subsidence, upon which a series 
of almost continuous stretches of vegetation accumulated, each in 
turn to be gradually covered by detrital matter canded by the 
encroachment of water (see White, Bull. 38, U.8. Bureau of Mines, 
1913). The Kttsburgh seam, wWcli lies above the coals of the 
Allegheny formation, was formed under similar conditions. The 
variations in composition of the seam would thus appear to be due 
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mainly to changes in temperature and pressure caused by earth 
movements during the coalification process. 

In addition to the Pittsburgh seam, coals were collected from 
the lignite fields of Montana, North Dakota, and Wyoming, from 
the bituminous fields near Price, in Utah, and from the Yampa 
Valley in Colorado, where local earth movements have transformed 
coals of comparatively recent formations into semi*anthracites. 
With the coals of the Pittsburgh seam, the earth movements re- 
sponsible for their regional metamorphism were thpse resulting 
in the Allegheny mountains, the greatest upheavals being in the 
George’s Ci’eek district of Maryland (e.^., the Ocean coal) and the 
least in Ohio (e.gr., the Bailey’s Mills coal). In Montana and North 
Dakota, the earth movements which caused the change of rank of 
the coals were those which formed the Rocky Mountains, In 
places where the uplift of the mountains was not felt, as in North 
Dakota, the coal is a lignite. There is a general tendency for the 
rank of the coal to increase in a westerly direction (toward the 
Rocky Mountains), whilst it is highest in the neighbourhood of 
local upheavals. 

The method of examination, in addition to the usual forms of 
analysis and the determination of the proportions of the principal 
ingredients, has been to measure the reactivity with oxygen of the 
ulmin constituents. This has been done both directly, from the 
amount of oxygen combining with them in a given time, and 
indirectly from the rate of production of alkali-soluble ulmins 
under standard treatment with an oxidising agent. It has been 
found that the order of reactivity of the ulmins as measured by 
each method is substantially the same. In Table I the rational 
analyses of the coals examined are recorded, together with their 
carbon contents. A “reactivity index ” for the ulmins (obtained 
as described in the experimental part of this paper) is also included, 
and the coals are arranged (those of the Pittsburgh seam being 
grouped together) in two groups of decreasing reactivity. 

In the rational analyses, the hydrocarbons and resins have been 
grouped together. These ai-e oil-yielding constituents of high 
hydrogen content, and their presence in the coal in suitable amount 
affects (but is not wholly responsible for) its coking power. There 
is no general relationship between the quantity of hydrocarbons 
and resins extractable from a coal and its age or degree of coalific- 
ation; nor is this to be expected, since the concentration, in the 
original coal-forming materials, of the substances that yiehjeil 
them must have been to a certain extent accidental. Their qt^ty 
also (e,gF., in the Pittsburgh seam) is but little altered 
changes of conditions as have had a marked effect on 
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Table I. 

Baiioml Analyses of Coals. 

Baiional analysis, %. 





Hydro- 




Carbon, 




carbons 

Organised 


Reactivity 

%. oa 




and 

plant 


index of 

ash-free, 

]Same of coal. 

resins. 

entities. 

Ulmins. 

nlmins. 

dry coal. 

. 

•'Bailey’s Mills* ... 

5-4 

8-7 

85*9 

61-5 

78-9 


Skillcross 

3*1 

9-7 

87-2 

58-8 

81-1 

1 

Elm Grrove 

6-4 

7-8 

86-0 

56-7 

81-1 


Monongaht 

5-0 

10-3 

84-7 

47-0 

83-3 

•a 

Irwin 

3-9 

8-0 

88-1 

45-0 

84-5 

s 

Revere* 

3^5 

9-2 

87-3 

42-5 

86-1 

3 

Greensburg 

4-5 

15-3 

80-2 

41-5 

86-7 

P. 

I Trotter 

37 

15-1 

81-2 

39-6 

87-6 


Reveref 

7*8 

10-4 

87-3 

31-2 

85-2 

1 

MarbixL 

74 

13-0 

70-6 

30-2 

84-8 

OQ 

Scotch Hill 

44 

8-7 

86-9 

29-2 

85-2 


Berkley 

1*0 

13-8 

85-2 

20-0 

87*6 


Jamison 

3*2 

8-8 

88-0 

16-0 

86-5 

^ 1 


bgelef 

2-3 

13-3 

84-4 

14-0 

86-6 



"ogele* 

1*6 

2-7 

95*7 

12-0 

87*4 


S 

ealt 

2-7 

12-5 

84-8 

10-0 

89-1 

w 

V Ocean* 

<1 

9-5 

89-5 

5-0 

89-0 



♦ Bottom part of seam. 


t Top part of seam. 




^Wyodak 

3'8 

5-1 

9M 

80-0 

71-9 

I 


Wadge 

4-9 

14-4 

80-7 

71*2 

784 

i 


Hotchkiss ... 

34 

1-3 

95-4 

70-0 

73-4 


. 

Milk River ... 

3-8 

3-8 

92-4 

68-5 

73*4 

1 

3 

Pinnacle 

44 

12-4 

83-5 

5o-3 

79-1 

\ 

Owl Creek ... 

3-7 

6-3 

91-0 

54-3 

77-D 

s 

I 

\ King 

5-7 

7-0 

87-3 

53-2 

80-7 

I 


Gkuitar 

4-0 

9-2 

86-8 

52-1 

78-4 

1 


Colsttip 

2-2 

11-5 

86-3 

50-5 

74-6 



Castiegate ... 

5-8 

11*6 

82-6 

49-0 

81*5 



^Smmyaide ... 

5-7 

4-0 

90-3 

48-0 

82-5 


They remain soluble in organic solvents, for example, except in 
that part of the seam that has been subjected to extreme tectonic 
disturbance, as in the Westmoreland and Somerset Counties of 
Pennsylvania and the George’s Creek region of Maryland. In the 
samples obtained from these regions (the Vogele, Berkley, and 
Ocean Mines, Table I), the proportions of chloroform-soluble 
material have greatly diminished, and it can be assumed that the 
effects of the violent earth movements have been either to remove 
I«rt of the hydrocarbons and resins (by distillation) or to render 
them insoluble. 

' Simikriy, th«re is no connexion between the degree of coalific- 
ation of the seam and the proportion of organised plant entities 
that it may contain. In the Pittsburgh seam the proportions of 
these bodies (which -other researches have shown to be extremely 
resistant to decay and to the processes of coalification) vary at 
haphazard between 3 and 16%, dependent no doubt, as with the 
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resins, on their original, accidental, concentration in the coal- 
forming materials. The spore exines and cuticnlar tissues, which 
form the bulk of the morphologically organised plant entities, are 
of high hydrogen content and are oil-yielding constituents of the 
coal, the oils consisting mainly of paraffins and unsaturated 
hydrocarbons. 

Regarding these non-uhuic organic constituents as impurities, it 
is desired to trace a relationship between the “ reactivities ’’ of 
the nlmin constituents and the chemical compositions of the coals 
as determined by ultimate analysis. It will be understood that, 
since the proportions of the non-ulmic constituents, of higher 
hydrogen content than the bulk of the coal, vary between rather 
wide limits (4-6 — ^23*2% in the Pittsburgh seam), any such relation- 
ship can only be partial. The percentage of carbon, being high 
throughout the series of coals, should be least affected by the 
presence of varying quantities of materials of high hydrogen con- 
tent. Table I shows that there is, in fact, a general relationship 
between the carbon content of the coal as a whole and the re- 
activity of the ulmins it contains, a relationship which is remark- 
ably close when, in addition to the fact that the ultimate analysis 
shows no more than the mean carbon content of all the organic 
constituents of the coal, it is remembered that the accuracy of coal 
analyses, calculated, as is usual, on an ash-free, dry basis, suffers 
from the fact that the inorganic impurities differ in composition 
and amount from the ash they yield on incineration. Por these 
reasons we consider the reactivity index ” of the ulmins to be 
a better measure of the degree of coalification than the carbon 
content of the coal as a whole can be, though the latter may often 
be a sufficiently close measure. For example, it care be taken to 
choose only the vitrain portion of a seam, the fact that this portion 
can readily be freed from all but a small percentage of mineral 
matter and is essentially free from spore exines and cuticles, causes 
the analysis to be nearly representative of the ulmin constituents 
alone. Thus, in Table II a comparison is made between the carbon 
contents of four coals and those of the vitrains separated from 
them. It will be seen that the ** reactivity index ” of the nlinin R 
corresponds with the carbon content of the vitrain from the coal 
rather than with that of the coal as a whole. 

What we have termed the ‘‘ degree of coalification ” of a coal is 
sometimes (following David White, e.gr., U£. Bureau of 
Bull. No. 38, 1913) termed its rank,” a coal of lowest rank 
one in which the processes of coalification (in whatever way 
i.6., whether by time, temperature, or pressure) have- 
result, and a coal of highest rank one in which such 
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Table II. 


Carbon contents, %, on ash-free, dry coal. 


✓ 

Name of coal. Coal as a whole. Vitrain portion only. 

Trotter 87*6 85*4 

Eevere (bottom) ... 86*1 85*9 

Eevere (top) 83*2 86*5 

Jaznison 86*5 87*2 


Reaeti\nty 
index of 
ulmins. 
39*6 
42*5 
31*2 
16-0 


been the most efiFective. We have shown elsewhere (foe. cit,) that 
the external groupings of the ulmin molecules are modified with 
increasing rank of the coal. The present work ajfiords additional 
evidence of this. Erom the results in Table III, which records the 
amounts of oxygen that combined with the coals at 150^ (one 
method of determining the reactivity of the ulmins), it will be seen 
that the ratio between the, oxygen that remained combined with 
the coal and the total consumed increases as the rank of the coal 
increases. In order that a given quantity of oxygen shall com- 
bine with an ulmin of low rank (forming acidic groupings), a greater 
total quantity must be consumed than with a high-rank ulmin, 
presumably because the nuclear groupings of the ulmin molecule 
of low rank are of smaller mass in comparison with that of the 
external groupings. These external groupings are the first points 
of attack by the oxygen (yielding water and oxides of carbon), 
and they confer hi gh reactivity on the low-rank ulmins. 

As the rank of the ulmins increases, the amount of oxygen that 
must combine with them, forming acidic groupings which confer 
on them solubility in alkaline solutions, also increases, whilst the 
ratio 0 : 0 in the soluble iihnins produced becomes greater (see 
Table III). This suggests that the nuclear structure of the ulmin 
molecules increases in magnitude with their rank, and that polymer- 
isation or condensation takes place during the coalification process. 

An important inference to be drawn from the examination of 
the Pittsburgh seam is that all coal ulmins which have the same 
“ reactivity index are alike m constitution and properties. Excep- 
tions are apparent amongst coals of younger formations, explicable 
by reason of the widely distant geological periods during which the 
cemi-forming materials accumulated, but there seems no reason 
why coals from the upper (and, perhaps, the middle) carboniferous 
period should differ materially in character from those of the 
Pittsburgh seam. For any such coal, a determination of the 

reaotivity^ hadesi ” of the ulmins, together with an estimation of 
the principal ingredients, should give more valuable information 
as to its properties than other forms of analysis. We are accumula- 
ting such data with r^iord to a number of British coals, using the 
methods nowiio be desdribed. 
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ExPEBI MENTAL. 


For convenience, the coals are identified by the name of the 
mine at which the seam is worked. The positions of the mines 
are recorded in Table VI. The Pittsburgh seam varied in thick- 
ness from 4 to 10 ft., the others from 6 to 80 ft. With few excep- 
tions (recorded in Table I), the samples, of about 10 lb. weight, 
were taken from the middle of the seam at a newly-exposed face. 
The blocks of coal were immediately wrapped in sheets of lead 
foil to prevent exposure to the air. In the laboratory, the coarsely 
ground samples were dried in a vacuum oven and extracted mtb 
pyridine in large Soxhlet apparatus in an atmosphere of nitrogen, 
and the yi- and Y 2 -fr^ctions separated by treatment with chloro- 
form. The a- and ^-compounds were then dried in a vacuum at 
105®, ground, and sieved. All the oxidation experiments were 
made on samples so treated. 

JSaie of Oxidation , — To determine the rates of oxidation of the 
samples, 10 g. of each, sieved so as to pass a 100- and remain on a 
200-mesh sieve (Tyler U.S. standard), were placed in glass tubes in 
a constant-temperature oven at 150®, and pure dry air was dravm 
through them for several weeks. The time taken for complete 
conversion of the coal ulmins into alkali-soluble compounds varied 
with the character of the coals, being as long as 40 weeks for those 
of highest carbon content. The quantities of water and oxides. of 
carbon formed during the reaction were measured, as well as the 
changes in weights of the coals. The amounts of oxygen that 
remained combined with the residues, and the total oxygen con- 
sumed, could thus be estimated. The results for the first two 
weeks are recorded in Table III, the amounts of oxygen being 
expressed in c.c. per g. of ulmins free from unoxidisable plant 
entities and mineral matter. 

So far as the coals of the Httsbiurgh seam are concerned, their 
carbon contents follow closely the rates of oxidation of the ulmins, 
but amongst the other coals there are notable exceptions. For 
example, the ulmins of Colstrip coal react with less oxygen in a 
given time than do those from Wadge coal, though the carbon 
content of the former coal is the lower by. 4%. There are possi- 
bilities of experimental error with such low-rank coals, both in the 
analyses, because of their high moisture contents, and in the measure- 


ments of rates of oxidation, because their avidity for oxygen might 
cause them to absorb appreciable quantities during their preliminary . 


treatment. From superficial examination of these coals, howeyjgl^ 
one would judge the Colstrip to be of lower rank than the 
the former having the dark brown, streaky appearance che^fN^raHH 
of sub-bituminous coals, and the latter being a brilliant 
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Table in. 

Atmospheric Oxidation, 


Voltanes of 03 :ygen cozisuxned (e.c. per g. of coal ulmins). Temp., 150^. 



After 1 

week. 

After 2 

weeks. 





Com- 

r 

Com- 

Analysis of 


Total 

bined 

Total 

bined 

soluble 

ulmins. 


con- 

with 

con- 

with 



Name of coal. 

sinned. 

coal. 

sinned. 

coal. 

C, %. 

H. %. 

Bailey’s Mills ... 

273 

89 

352 

109 

63-2 

3*1 

Skillcross 

243 

T25 

319 

95-5 

— 

— 

Elm Grove 

236 

89 

310 

109 

63-1 

3-5 

Monongah 

228 

83-0 

305 

104 

63-6 

3-3 

Belmont 

228 

67 

298 

88 

— 

— 

Greensburg 

... 202 

68 

266 

88 

68-1 

3-0 

Martin 

... 198 


258 

88-5 

69-5 

3-0 

Bevere (bottom) 

... 196 


264 

90 

68*6 

3*0 

Scotch HiU 

... 194 


261 

86*5 

66-3 

3-3 

Bevere (top) 

... 193 

58 

— 

— 

67*7 

3-3 

Trotter 

... 193 

58 

256 

78 

68-9 

2-8 

Jamison 

... 190 

67 

246 

86 

70-2 

3*4 

Vogele (top) 

Berkley 

... 152 

72 

222 

106 

69-6 

2-9 

... 146 

49 

203 

69 

71-9 

2-9 

Seal 

... 137 

50 

196 

74*5 

72-1 

2-9 

Vogele (bottom) 

... 136 

59 

193 

78*5 

72-6 

— 

Ocean 

79 

36 

120 

45-5 

2*9 

Wyodak 

... 331 

69-5 

411 

71*5 

60-8 

2-9 

Knife Biver 

... 320 

54 

390 

68 

63-6 

3-0 

Milk Biver 

... 308 

65 

372 

67*5 

69-7 

2-9 

Wadge 

... 285 

71 

391 

97-5 

62-7 

3-0 

Hotchkiss 

... 274 

52-5 

327 

55 

61-5 

3-1 

King 

... 264 

70 

344 

80-5 

63-4 

3-0 

Pinnacle 

... 262 

65 

388 

97 

— 

— 

Colstrip 

... 269 

64 

356 

88-5 

62-0 - 

3-0 

Gantar 

... 259 

78*5 

335 

93'5 

62-1 

3-0 

Cckstlegate 

... 259 

84 

347 

109 

65-2 

2-0 

Simnyside 

... 254 

60 

327 

75 

65-6 

3-1 

Owl Creek 

... 245 

66 

327 

73 

61-2 

2-9 


Sate of Formation of Soluble TJhnins, — (a) By atmospheric oxid- 
ation. Samples were exposed in thin layers in an air-oven at 160° 
for several weeks. At the end of each week 1 g. of each was with- 
drawn and extracted during |-hour with 150 c.c. of a boiling 1% 
potassium hydroxide solution. The solutions were filtered while 
hot, and the ulmins precipitated by hydrochloric acid, filtered 
through tared papers, washed, dried, and weighed. 

The results are recorded in Table IV. In order to compare the 
reactivities of the coals, it is convenient to calculate the times 
taken for 50% production of soluble ulmins, figures readily obtain- 
able from the data recorded with an accuracy within 1%. The 
coals are arranged on this basis in Table IV in order of decreasing 
activity. The order is substantially the same as that given by 
their rates of oxidation (Table m), and it will be noticed that 
those coals, of the younger formations (Colstrip, Owl Creek, and 
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Gantar), which were there placed low in order of reactivity (for 
their carbon contents) are again so placed. 

One marked discrepancy between Tables III and IV is caused 
by the Knife Eiver coal, which was one of the yoxmgest studied. 
In appearance it resembled dark brown wood, the seam containing 
complete tree trunks. When mined, its content of soluble ulmi ns 
was 24%, but on drying at 104** this was reduced to 4% (despite 
the fact that about 35% of moisture was driven off). Even this 
moderate temperature, therefore, caused either dehydration or 
condensation of the uhnin molecules, an effect which heating in 
air at 150° would no doubt intensify, despite the fact that soluble 
ulmins were simultaneously formed by oiddation. With such coals 
the rate of formation of soluble ulmins during atmospheric oxidation 
cannot be used as a measure of their rank. 
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(b) chemical oxidants. After a niimber of chemical oxidising 
agents had been tried, the most suitable was considered to be a 
mixture of hydrochloric acid and potassium chlorate (HofEmeister’s 
reagent). With this reagent a measure of the reactivity of the 
ulmins can be obtained fairly rapidly. The coals, freed from 
hydrocarbons and resins as previously described, were ground so 
as Just to pass through a IdO-mesh (Tyler U.S. standard) sieve, 
care being taken to avoid the production of fine dust. Several 
0‘5-g. samples of each of the treated coals were heated with 60 c.o. 
of iV-hydrochloric acid and different weighed amounts of potassium 
chlorate in stoppered pressure bottles (370 c.c. capacity) in a bath 
of boiling water, during 6 hours. The bottles were allowed to cool 
over-night before being opened, and their contents were then 
filtered and the proportions of insoluble material determined. In 
recent work, this method has been modified in minor details. 

A convenient measure of the reactivity of the coal ulmins, as 
determined by chemical oxidation, is given by the calculated per- 
centage production of soluble products caused by 0*5 g. of potassium 
chlorate, such as is recorded in Table I as the ‘‘ reactivity index.” 
Such determinations may not be as accurate as those given by 
atmospheric oxidation, but they are more readily obtained, and 
for that reason we have chosen them for use in our table of " rational 
analyses.” They are sufficiently accurate for practical purposes. 
This method of measuring the reactivity of the coal ulmins (see 
Table V) arranges the coals in nearly the same order as do the 
methods employing atmospheric oxidation, the younger coals, 
Golstrip, Owl Creek, and Gantar, again proving exceptions to the 
general relationship between reactivity and carbon content. 

Determination of Hydrocarbons and' Resins, — ^For some of the 
determinations, -the usual method of separating the and y^- 
compounds (see Cockram and Wheeler, loc, ciL) was simplified. 
The coals were extracted with pyridine in Soxhlet apparatus, ni 
an atmosphere of nitrogen, during 16 hours. The pyridine solution 
was concentrated to small bulk, excess of chloroform added, and 
the pyridine neutralised with dilute hydrochloric acid, thus causing 
precipitation of the insoluble p-compounds and the dispersed yg- 
and y 4 -compounds. The y^- and yg-componnds, in solution, were 
estimated by evaporating off the chloroform and weighing. 

Determinjo^ion of Organised Plant Entities, — ^When the production 
of soluble ulmins is effected by atmospheric oxidation of the coals 
(freed from hydrocarbons and resins) at 150°, the determination 
of the proportion of organised plant entities is straightforward, for 
they, together with any mineral matter, constitute the residue 
remaining insoluble in alkaline solutions when the oxidation has 
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Table V. 

Chemical Oxidation, 

Percentage formation of soluble ulmins. 

Weight of KCIO3 used. 


Name of coal. 0-25. 0-50. 0*75. 1*00. 1*25. 2-50. 

Bailey’s IVIills 31*5 61*5 — — — — 

Skilicross 30*0 58*8 — — — — 

Elm Grove 29*0 56*7 — — — — 

Monongah — 47*0 65*7 — — — 

Delmont — • 45*0 67*1 — — — 

Revere (bottom) — 42*5 57*9 — — — 

Greensburg — 41*5 57*7 — — — 

Trotter — 39*6 54*9 — — — 

Revere (top) — — 51*0 61*5 — — 

Martin — 30*2 50*0 _ — — 

Scotch Hill — — 49*0 60*5 — — 

Berkley — — — — 56*5 — 

Jamison — — — 46*1 — — 

Vogele (top) — — — — 49*0 — 

Vogele (bottom) — — — — 44*3 — 

Seal _ ^ ^ ^ 41*5 — 

Ocean — — — — — 66*0 

Wyodak 48*1 80*0 — — — — 

Wadge 39*5 71*2 — — — 

Hotchkiss 44*6 70*0 — — — — 

Knife River 33*5 70*0 — — — . ^ 

Milk River 42*7 68*5 — ^ ^ ^ 

Pinnacle 30*0 55*3 — — — — 

Owl Creek 30*0 54*3 

King 30*0 53*2 64*6 — — — * ' 

Gantar 25*0 52*1 ^ . 

Colstrip — 50*5 — — — — 

Castlegate — 49*0 63*8 — — — 

Sunnyside — 48*0 60*7 — ■— — 


been carried to completion. This takes several weeks, however, 
and some more convenient method of estimation is essential. As 
the result of extensive tests in comparison with the results obtained 
by atmospheric oxidation, the following procedure, which gives 
reasonably accurate estimations, was adopted. 

A sample (0-5 g.) of the coal (freed from hydrocarbons and resins) 
was boiled during 7 hours under a reflux condenser with one or 
other of the solutions specified in the accompaii 3 dng table, according 
to its carbon content. 
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With all the coals tested, the estimations showed fair agreement 
with those obtained by atmospheric oxidation of the coals. 

This work has been carried out for the Safety in Mines Research 
Board in co-operation with the United States Bureau of Mines. 
We wish gratefully to acknowledge, in particular, the help given us 
by Dr. David White, by the staff of the U.S. Gteological Survey, 
and by the analytical staff of the Bureau of Mines Experiment 
Station at Pittsburgh. 

Safety m JMines Research Laboratories, 

Sheffield. [Eeceived, August 21«i, 1928.] 

APPENDIX. 

Table VI. 

Coal Analyses. 

Per cent, on 

Moist- diy coal. Ultimate analysis, %, on 
ure, %, ^ ^ s ash-free, dry coal. 


as re- Volatile ^ - , 

Coal. eeived. matter. Ash. C. H. N. S. 

Bailey’s MBlfl* 2*0 43-8 13*5 78*9 5*9 1*3 4*4 

[Bamesville, Ohio] 

Elm Grove 2*2 41*4 4*5 81*1 6*3 1*6 3*2 

[Wheeling, W. Virg.] 

SkUlcross, No, 2 3*0 42*4 7*8 8M 5*6 1*4 4*4 

[Wheeling, VT. Virg.] 

Monongah,No.63t 1-6 38*0 4*6 83*3 6*6 1*9 0*6 

[Fairmont, Pa.] 

Irwin Strip 1*0 38*5 5*4 84*5 6*0 1*8 2*4 

[Delmont, Pa.] 

Martin 0*4 39*1 5*6 84*8 5-6 co.l*6 0-9 

[Fairchance, Pa.] 

Reveret 3*5 31-6 8*7 85*2 5*5 1*9 0-8 

[Uniontown, Pa.] 

Scotch HiU 1*2 34*2 3-6 85*2 5*2 1*3 1*0 

fNewbuxg, W. Virg,] 

Revere* 3*6 30*6 5-9 86*1 5*4 1*8 0*7 

[Uniontown, Pa.] 

Jamison, No. 20 0*5 31*8 5-6 86*5 5*6 ca.1‘5 0*8 

[Pleasant Unity, Pa.] 

Vo^elet 2*9 24-5 12*7 86*6 5*2 1*9 2*5 

[lagonier. Pa.] 

Greensbnrg, No. 2 0*8 33*7 3*0 86*7 5*5 ca.l*5 0-9 

rGreensbursf. Pa.l 

Vo^e* 3*6 24*8 14*3 87*4 5*4 1*9 1-8 

[Ligonier, Pa.] 

Trotter 0*6 30-9 6*0 87*6 6-7 ca.l*5 0*8 

[Connellsville, Pa.] 

Berkley 3*7 20*6 10*3 87*6 5*0 1*9 1-7 

[Meyersdale, Pa,] 

Oceant 0*8 17-5 6*3 89*0 4*7 1-9 0-9 

[Midland, Maryland] 

Sealf 2-7 21*6 7*8 89*1 5*1 2-1 1*0 

[Meyersdale, Pa.] 


* Bottom part of seam. 


f Top part of seam. 
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Per cent, on 

Moist- dry coal. Ultimate analysis, %, on 
ure, %, , ash-free, dry coal, 

as re- Volatile ^ ^ 

Coal. oeived. matter. Ash. C. H. N. S. 

Wyodak 3M 43-7 7-7 71-9 6*4 1*2 0-6 

[Gillette, Wyoming] 

iHoife River 35*0 41*9 .7*0 72*9 4*9 1*1 1*^ 

[Beniah, N. Dakota] 

Milk River 26*4 38*2 9*6 73*4 5*4 1*7 0*7 

[Chinook, Montana] 

Hotchkiss 22*2 42*7 6*6 73*4 6*0 1*3 0*6 

[Sheridan, Wyoming] 

Colstrip 25-8 39*8 8*0 74*6 5*3 1*2 0*9 

rOolsi/ino^ 

Owl Creek 12-9 39-6 e-e 77-0 6-7 1-7 0-6 

[Gebo, Wyoming] 

Wadge 9*9 40*4 5*2 78*4 5*1 1*9 1*2 

[Routt Co., Colorado] 

Gantar 15*0 36*3 5*4 78*4 5*3 1*4 0*5 

[Roundup, Montana] 

Pinnacle 9*2 39*5 2*9 79*1 5*7 1*8 0*6 

[Routt Co., Colorado] 

King, No, 1 5*7 43*9 4*9 80*7 5*8 1*5 0*9 

[HTawatha, Utah] 

Castlegate, No. 2 3-7 40*9 5-6 81*5 5*5 1*3 0*3 

[Castlegate, Utali] 

Sunnyside, No. 1 3*8 40*3 2*8 82*5 5*8 1*8 1*0 

[Sunnyside, Utah] 


CCCXCI . — The Addition of Halogens to Unsaturaied 
Acids and JEstera. PartIL The Addition of 
Bromine Ghloride^^ to Phenylpropiolic Acid. 

By Norman William Hanson and Thobias Campbell James. 


It has been shown in Part I (this voL, p. 1956) that an equimoleotilar 
mixture of bromine and chlorine, dissolved in carbon tetrachloride 
(“ bromine chloride ” solution), reacts additively with cinnamic 
acid to form the two externally compensated stereoisomerides 
corresponding to the formula OgHg'CHChCHBr-COaH. 

Similar experiments with phenylpropiolic acid in the place of 
cinnamic acid have now given a mixture from which, by fractional 
crystallisation from light petroleum, two, and only two acids have 
been isolated. These are the geometrical isomerides which theory 


demands from the structural formula CgH 5 *CCKCBr* 002 H. 

By exposure of a chloroform solution of the higher-melting i 
(129°), mixed with a little bromine, to direct sunlight, thiiay 
was almost entirely converted into its lower-melting i scIH 
(112°). The latter acid was unajGfected by such treatmen^^H 
This transformation is parallel to that of the other 
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cLonamic acids, since, under similar conditions, the higher-melting 
(m. p. 139°) ap-dibromocinnamic acid is partly transformed into its 
lower-melting (m. p» 100°) isomeride (Itoser and Haselhoff, Annalen, 
1888, 247, 140), and the lower-melting (m. p. 101°) ap-dichloro- 
cinnamic acid undergoes isomerisation into the higher-melting 
(m. p, 121°) acid (Stoermer and Heymann, -Ber., 1913, 46, 1349). 
The stable transformation products in both of these cases possessed 
the C 2 s-configuration, as will be shown. 

The interconvertibility of the p-chloro-a-bromocinnamic acids is 
indicative of their geometrically, and not structurally isomeric 
relationship ; thus the addition of “ bromine chloride ** corresponds 
to that of bromine to phenylpropiolic acid in non-hydrosylic 
solvents, since in this case also a mixture of the two geometrically 
isomeric ap-dibromocinnamic acids is formed (Roser and Haselhoff, 
Zoc. cit). 

The corresponding addition of chlorine, however, gives rise to 
only one product, namely, cta-ap-dichlorochmamic acid (m. p. 121°) 
(Nissen, JBer,, 1892, 25, 2665), but this apparent anomaly can 
probably be explained by the extremely labile nature of the lower- 
melting (100°) fraiw-isomeride (Stoermer and Heymann, loc. 

The positions occupied by the respective halogen atoms in the 
chlorobromocinnamic acids have been determined by a study of 
the chlorobromoindone which is produced when the lower-melting 
(112°) isomeride is treated with cold concentrated sulphuric acid; 
this reaction, moreover, establishes the cis-configuration of this 
acid. The higher-melting acid is therefore the irans-isomeride, and 
this conclusion is borne out by the fact that it is not affected by 
treatment with sulphuric acid. 

Indeed, it has been found most convenient to prepare the ohloro- 
bromoindone directly from the product of the interaction of phenyl- 
propiolic acid and bromine chloride,’’ since the iudone was readily 
separable from the residual traTis^acid by solution in hot light 
petroleum. 

Although this indone has the same melting point (105°) as that 
of the compound shown by Roser and Haselhoff (Annalen, 1888, 
247, 148) to be 2-chloro-3-bromo-l-i;etoindene, yet an examination 
of its reactions has led to the conclusion that it is isomeric with 
the latter, and possesses the structure designated by S-cAloro- 
2'‘bro7no-‘l-&eioi7iden€- The evidence adduced for such a structure 
is based on the fact, definitely established by Schlossberg (£er., 
1900, 33, 2425), that the halogen atom which occupies the a-position 
to the phenylen© group (Le., the 3-position) is the more readily 
replaceable by univalent atoms or radicals. 

The chlorobromoindone obtained from m-chlorobromocinnamie 
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acid condensed readily with aniline, to form an anilido-derivative 
identical with that obtained by Roser and HaselhofE (Zoc. cit,) from 
2 : 3-dibromoindone, which was therefore 2-bromo-3-anilidoindone. 

The fact that as a result of this condensation hydrogen chloride 
is eliminated (as a quantitative experiment proved) establishes the 
structure of the substance as 3-chloro-2-bromoindone. Additional 
evidence favouring such a structure is afforded by the fact that the 
analogous piperidyl derivative was identical with that prepared by 
Roser and Haselhoff from 2 : 3-dibromoindone and piperidine. 

Furthermore, an authentic specimen of 2-chloro-3-bromoindone, 
prepared by boiling 2 : 3-diohloroindone with alcoholic potassium 
bromide (Roser and Haselhoff) proved to be non-identical with the 
new chlorobromoindone, as was evinced by a mixed melting point, 
and by the non-identity of their oximes. 

Consequently, the new indone must be formed by the elimination 
of water from m-P-chloro-«-bromo-p-phenylacrylio acid, m. p. H2°, 
and since this is directly obtainable from its isomeride, m. p. 129®, 
the latter must possess the fraris-configuration. The following 
table summarises the physical properties of these new chlorobromo- 
cinnamic acids and the already known ap-dihalogenocinnamic 
acids : 


Ohmamic acid. 


M. p. 

Crystalline 

form. 

Solubility. 

Stability. 

)S-Chloro-a-bromo- | 

cis 

112® 

Needles 

More sol. 

Stable 

trans 

129 

Plates 

Less „ 

Labile 

ajS-Dibromo- 

cis 

100 

Needles 

More 

Stable 

trans 

139 

Plates 

Less „ 

Labile 

aj5-Dichloro- | 

cis 

121 

Plates 

Less „ 

Stable 

trans 

100 

Rhombic • 

More „ 

Labile 



tablets 




The new chlorobromooiimamic acids are seen to possess physical 
properties analogous in every respect with those of their dibromo- 
congeners. 

The positions taken up by the constituent atoms of the bromine 
chloride molecule when this unites with phenylpropiolic acid — 
the more negative atom uniting with the p-oarbon atom — are the 
same as in the case where cinnamic is substituted for phenylpropiolic 
acid. 

By a series of experiments conducted as described in Part I, 
“ bromine chloride ” has been found to react with phenylpropiolic 
acid at a much more rapid rate than either bromine or chlorine 
alone, the reaction being of the bimoleoular type, without an 
inhibition period. Thus in yet another way is the reaction 
to that for cinnamic acid and bromine chloride.” . 

The action of bromine and chlorine dissolved in 
chloride on the m-isomerides of the three pairs of 
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eiimamic acids above described (the fm?i 5 -isomerides were not 
employed owing to their ready transformation into the cis-aoids) is 
interesting. 

The nature and extent of these reactions were determined by a 
series of eagperiments conducted as already described by Williams 
and James (this voL, p. 344). The mixed solutions of acid and 
halogen were sealed up in colourless glass bulbs and exposed to 
dull light, the residual halogen after definite time-intervals being 
determined by breaking the bulbs under potassium iodide and 
titrating the liberated iodine with standard thiosulphate. 

The results obtained with bromine showed that in aU three cases 
the amount of this halogen which disappeared was extremely small 
even after several weeks, and may even then have been due to 
substitution in the phenyl radical, so that no bromine addition 
products could be prepared. 

a^-Dichlorocinnamic acid formed an addition product with 
chlorine, oLx^^4dracMoro-^-phenylpropionic acid, m. p. 130®. 
This is the one product expected on theoretical grounds ; it contains 
7U> asymmetric carbon atoms and is therefore not potentially 
optically active. 

The results for aj3-dibromociimamio acid and chlorine indicated 
that some replacement of the bromine in the acid by chlorine 
occurred, but no recognisable product could be isolated and there 
was no further reaction when the concentration of the total halogen 
was approximately half its initial value. This attainment of an 
approximate " equilibrium ” may be ascribed either to the form- 
ation of an actual equilibrium between original acid, replaced acid, 
chlorine and bromine, or to the total disappearance of the chlorine 
by its substitutive and additive reactions, in which case the residual 
halogen would-be the bromine liberated by replacement, which 
would be practically inert towards these acids. 

A similar partial replacement of bromine by chlorine, and attain- 
ment of an approximate “ equilibrium,’’ occurred in the reaction 
between p-chloro-a-bromocinnamic acid and chlorine, but in this 
case about five-sixths of the halogen had disappeared at that stage. 
The main product of this reaction was the diohloride of the chloro- 
bromo-acid, a^^4ricMoro-oL-brmno-^-phenylpropi<mic acid, m. p. 
127®, but a small quantity of aa§p-tetracIiloro-P-phenylpropionic 
acid was also formed. 

The former of these products is the. only addition compound 
expected on theoretical grounds : it contains only one asymmetric 
carbon atom, and may therefore be resolvable. 

Corresponding experiments with “ bromine chloride ” in place of 
the pure halogens indicated that it did not react as a molecule of 
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such in these cases, the chlorine portion only appearing to he 
reactive. 

The properties of the dichloro- and chlorobromo-cinnamic acids 
of forming addition products with chlorine but not with bromine, 
and of the replacement of part of the bromine by chlorine in the 
case of the latter acid, are not unique. For instance, tetraphenyl- 
ethylene forms no addition product with bromine (Behr, Ber., 
1870, 3, 753) but yields with chlorine a dichloride (Norris, Thomas, 
and Brown, Ber., 1910, 43, 2940). Further it has recently been 
shown by Meisenheimer {Annalen, 1927, 456, 142) that triphenyl- 
bromoethylene, although it does not unite with bromine, reacts 
with excess of chlorine with replacement of the bromine atom and 
formation of a dichloride of the resulting product, triphenyltrichloro- 
ethane. 


Experimental. 

When a suspension of phenylpropiolic acid in carbon tetrachloride 
was treated at 0° and in the dark with “ bromine chloride ” (1 mol.) 
dissolved in the same solvent, the acid gradually went into solution. 
After a few hours the solvent was removed by evaporation in a 
vacuum, and the resulting crystalline mass dissolved in hot chloro- 
form. On adding light petroleum to this solution until cloudy and 
allowing it to cool, colourless crystalline plates and clusters of 
straw-coloured needles were deposited. The mother-liquid was 
decanted, and the mixture of crystals warmed with light petroleum ; 
the needles alone went into solution. The plates, after being 
washed with more hot light petroleum, melted at 129° (Found : 
Br, 30*0; Cl, 13*8. C9H^0201Br requires Br, 30-6; Cl, 13*6%). 
The hot petroleum from the first extraction deposited, on cooling, 
clusters of long, straw-coloured needles, m. p. 112° (Found : Br, 
30*0; Cl, 13-7%). The proportion of the higher- to the lower- 
melting , (Mtyrcbrcmocinnamic add was approximately 1:4. A 
successful separation of the two acids could not be accomplished by 
any of the other methods commonly employed in similar cases. 

When the mixed chlorobromooinnamic acids obtained by addition 
of “ bromine chloride ” to phenylpropiolic acid were rubbed with 
excess of cold concentrated sulphuric acid, a dark brown solution 
was formed, which, when poured iuto a large volume of cold water, 
yielded a quantity of golden-yellow flocks. Hot light petroleum 
dissolved the coloured constituent of the dried product, leaving 
undissolved a small proportion (about one-fifth of the origini^ 
mixture) of small colourless plates of the higher-melting 
bromocinnamio acid (m. p. 129°). The petroleum extract 
Z<Moro-2~bromo^\-hetoii(idem in clusters of golden-y^op^^^^^P 
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m. p. 105° (Found : Br, 32-7 ; Cl, 10*9. CgH^OaBr requires Br, 
32*9; a, 10-8%). 

The indone, when warmed ii’ith excess of aniline in alcoholic 
solution, yielded bright scarlet needles of 2-bromo-3-anilidoindone, 
m. p. 170°, as described by Roser and Haselhoff (foe. cit). That 
hydrogen chloride was eliminated by this condensation is proved 
by the following results : 

0*204 G. of the indone was treated with alcoholic aniline, and the 
anilido-compound removed. The filtrate gave 0-1220 g. of silver 
halide, which was not reduced in weight when warmed in a stream 
of chlorine, and was hence silver chloride (Calc, for 100% evolution 
of hydrogen chloride : AgOl, 0*1200 gO* 

The chlorobromoindone, when treated with piperidine as for 
aniline, gave bright red tables of 3-piperidyl-2-bromo-l-ketoindene, 
m. p. 117° (decomp.) (Roser and Haselhoff, he. cit). 

By boiling the indone in alcoholic solution with hydroxylamine 
hydrochloride, pouring the mixture into water, and crystallising the 
precipitated yellow powder from alcohol, ^-(Moro-^-bromo-l-lceto- 
indem oxime was obtained as silky yellow needles, m. p. 194° 
(decomp.) (Found: Br, 30*1*, Cl, 14-L OgHgONClBr requires 
Br,30-9; a, 13-7%). 

2.Cailoro-3-bromo-i-ketoindene, prepared as described by Roser 
and Haselhoff, melted at 105° ; a mixture of this and the above- 
described 3-chloro-2-bromo-l-ketoindene melted indefinitdy at 
65 — 100°, The oxime of the former cmnpound, prepared as described 
for the latter, melted at 184° (decomp.) (Found : Br, 30*3 *, d, 13-6%). 

The results of kinetic experiments with phenylpropiolic acid and 
“ bromine chloride,” bromine, and chlorine, respectively, are sum- 
marised in the table. The corresponding figures for cinnamic acid 
and these reagents are given for comparison purposes. Experiments 
were conducted at 0°, in the dark, and in carbon tetrachloride 
solution. The bhnolecular velocity coefficient k^ljt . xla{a — a:), 
is calculated on the basis of ^ in hours and concentrations (a and x) 
in g.-mols. per litre. 

Aeid. Reagent. Limits of k. Mean 1*. 

[ Bromine chloride 4-43 — 3*76 4-11 

Phenylpropiolic i Bromine 0-0733—0*0680 0*0700 

1 Chlorine 0-0540—0-0344 0-0420 

/Bromine chloride 133 — 96-3 104 

Cinnamic 4 Bromine 0-173 — 0*041 0-146 

iChlorine 0-265— 0-153 -0-200 

Although phenylpropiolic acid is more unsaturated than ciimamic 
acid, the halogens react with the former at a slower rate than with 
the latter. The hydrogen atoms -in the cinnamic ac4d ride chain 
probably play an important part in this connexion. 
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ci§-6tp-Dichlorooinnamic acid, treated with chlorine (1 mol.) in 
carbon tetrachloride solution, and exposed to diffused light for 
5 weeks, yielded a product which -crystallised from carbon tetra- 
chloride in colourless prisms, m. p. 130° (Found : Gl, 48*8. 
C9Hg02Cl4 requires Q, 49-2%). The product is therefore 
chloro-^-phenylpropionic acid, 

cis-j3-Chloro-a-bromocinnamio acid reacted with chlorine, with 
partial replacement of bromine by ohloidne, and formation of the 
corresponding addition product, cscapp-tetrachloro-p-phenylpropionic 
acid in small amount, the main product being the dichloride of the 
original chlorobromo-acid, viz,, aL^^4ricliloro-cL-bromo-^-phenylpTO- 
pionic acid, m. p. 127° (Found : Br, 24-0; Cl, 31'7. C2He02Gl3Br 
requires Br, 24*0 ; Cl, 32’0%). The products were separated by 
fractional crystallisation from carbon tetrachloride. 

One of us (N. W. H.) desires to record his indebtedness to the 
Department of Scientific and Industrial Research for a maintenance 
grant. 

Tee Edwaed Davies Chemical Laboeatobibs, 

UiirtVBBsiTr College op Wales, 

Abebystwyth. [Eeceived, August 24ih, 1928.] 


CCCXCII . — Studies in Complex SaUs. Pa/rt L The 
Preparation and Properties of Some Sdenitopent- 
amminecobaU Salts. 


By Habby Lisibb Bilby. 


Although oarbouatopentemmine compounds have been described 
(Werner and Goslings, Ber., 1903, 36, 2378), the carbonate ion 
appears to have a greater tendency to occupy two positions in the 
complex, as judged from a consideration of methods of preparation 
and relative yields. Complex salts have been described containiiig 
sulphato-, sulphito- (Eiesenfeld, Z. anorg. Chem., 1924, 132, 99), 
ohromato- (Bri^, J., 1919, IIS, 67), and selenato- (Meyer, Z. amrg. 
Chem., 1921, 118, 1) groups, and in the case of the :tot three groups 
both pentammine and tetrammine compounds have been prepared. 
Biesenfeld pointed out (Zoc. (M.) that the sulphito-group almost 
invariably occupies only one posttion in the co-ordination complex, 
and advanced experimental evidmce In favour of a tetrahedrai 


as ocoupyii^ two positions in the complex. The 
sulphato- and chromato-compounds tvero prepared fean 
spending earbenato- or diaiq[uo.tetremmine cmnpound, 
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no record of these compounds having been prepared in a manner 
similar to that employed in the case of the carbonatotetrammine 
compound (Jorgensen, Z, anorg. CJiem., 1892, 2, 282). 

The reason for this difference in the properties of these ions 
becomes apparent on the basis of modern electronic theory. The 
tendency of a molecule or ion to enter the co-ordinated complex 
depends on its possession of a lone pair ’’ of electrons and upon 
the distribution of the charges within the molecule or ion. A 
comparison of the structure of the various ions under consideration 
at once suggests an explanation of their differences in behaviour. 


0 = 




Carboaato-. Stilphato-. _ Sulphite-. 

Co-ordmate valency Co-ordinate valencies 

usually 2. usually 1. 


The effect of the positive charges on the sulphur atom is to cause 
the electrons roimd the oxygen atoms to be held much more firmly 
and to reduce their tendency to form a co-ordinate link. When 
one link is formed, the tendency to form a second will be less still. 
In the carbonato-ion the carbon atom is electrically neutral, so the 
negative oxygen atoms will possess a greater tendency to form a 
co-ordinate link than if the carbon atom were positively charged. 
The formation of one co-ordinate link will reduce the tendency 
to form a second. 

In order to test the above ideas, it was decided to attempt the 
preparation of some selenito-complex salts (which have not pre- 
viously been described) by a method similar to that employed in the 
preparation of carbonato-tetrammine and -pentammine compounds, 
examining the product of oxidation for both pentammine and 
tetrammine compounds. 


Expbeimbntal. 

Preparc^ion of SelenitoperUammiTi^cc^ Chloride . — ^To 18 g. of 
freshly precipitated cohaltous hydroxide were added 22 g. of 
selenium dioxide (prepared from metallic selenium by oxidation 
with nitric acid and subsequent sublimation), and II g. of ammonium 
chloride, followed by a little water and a large excess of ammonia 
(d 0-8^). The whole was well stirred until everything soluble had 
dissolved. ' A rapid current of air was passed through the filtered 
solution until it no longer contained free ammonia (about 12 hrs.), 
its colour changing from brownish-red to a deep ruby-red. The 
solution (about 400 o.c,) was evaporated to 100 c.c. in a vacuum over 
ocmcentmted sifiirihuric acid. As no crystallisation had occurred 
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at this stage, 2 d 0 c.c. of alcohol were slowly added with continuous 
stirring. A deep red, oily liquid separated which slowly solidified 
to a crystalline mass. The clear supernatant liquid was decanted, 
and on being tested with barium chloride showed the presence of 
selenite ions. The solid mass was dissolved in 100 c.c. of water and 
again precipitated with 250 c.c. of alcohol. The supernatant 
liquid, which was again decanted, gave no precipitate with barium 
chloride. The solid was dissolved in 80 c.c. of water, 150 c.c. of 
alcohol were added, and the mixture was kept for 2 days, a few c.c. 
of alcohol being added from time to time. It was thus possible to 
grow quite large crystals, some of them about 2 cm. long, which 
on examination under the microscope, proved to be not single 
crystals but aggregates of small crystals belonging to either the 
rhombic or the tetragonal system. The large crystals were deep 
brownish-red, whereas the small, rapidly precipitated crystals were 
much lighter in colour. A yield of over 80% of seUnitojpentammine- 
cobaltic chloride (of above 98% purity) was obtained (Found : 
Co, 19-36; SeOg, 40-81 ;im 3 , 27-34; 0,11-72; Co:Se 03 :NH 3 :Cl = 
1-02 : 1-00 : 5-01 : 1-03. [Co(Se 03 )(NH 3 ) 5 ]Cl requires Co, 19-22; 
SeOg, 41-49 ; NH 3 , 27-72 ; Cl, 11-67%). Some of the crystals, after 
being air-dried, were placed in a vacuum desiccator over sulphmio 
acid for 2 days, STo loss in weight occurred. 

Amlym , — ^The following method was adopted for the analysis of 
the crystals. Selenium. About 0-3 g. of the substance dis- 
solved in 100 c.c. of water, 2—3 c.c. of concentrated hydrochloric 
acid were added, and, then 30 c.c. of saturated sulphurous acid 
solution, and the whole was boiled for 6 hours, with the addition of 
more sulphurous acid from time to time. The precipitated selenium 
was washed, dried at 90 — 95®, and weighed. 

Cobalt. The filtrate from the selenium was evaporated to dryness 
with the addition of a slight excess of sulphuric acid. The cobalt 
sulphate formed was heated at 400 — 450® and weighed. Ammonia 
and chlorine were estimated by the usual methods. 

The reactions of the compound proved conclusively that it 
possessed the assigned constitution. Its solution in water, in which 
it is extremely soluble, gives no precipitate with barium chloride 
in the cold, showing the absence of selenite ions. On boiling, a 
precipitate containing barium, cobalt, and selenium is thrown down. 
Sulphur dioxide precipitates sdenium from a hot soluticm containing 
hydrochloric acid, but the precipitation is complete only afte^ 
prolonged boiling (see analysis, above). A concentrated solution 
the salt containing a little sulphuric acid gives a precipitate 
ferrous sulphate solution only after afewnunutes’ boUing, Hf 
sulphide gives an immediate precipitate of sulphur and ; 

5f 
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Silver nitrate precipitates the chlorine completely from a cold 
solution. Sodium hydroxide only precipitates the cobalt on boiling, 
ammonia being evolved. When a solution of the compound is 
boiled with dilute hydrocliloric acid {1 : 3), a ruby-red, crystalline 
substance is precipitated ; this was shown to be chloropentammine- 
cobaltic chloride : [Co(Se03)(NH3)5]Cl + 2HC1 = [CoQ{NH3)5]Cl2 + 
H^e03. Molecular-weight determinations (cryoscopic in water) 
indicated that the compound is a binary electrolyte of the above 
formula, dissociating to the extent of 80% in 0’23^-solution and 
97% in O-ljK'-solution. 

Another series of experiments was made in which various fractions, 
obtained by precipitating the original oxidised solution with alcohol, 
were analysed : in no case was the ratio NHg.: SeOg less than 5:1. 
The high solubility of these .selenito-compounds makes it impossible 
to be sure that no tetrammine compound is formed, but the above 
experiments prove that, if it is formed at all, it can only be present 
in very small amounts. 

Sdenik^erdammiwe^ Sdenite. — ^An attempt to prepare this 

compoimd was made by the following method : To 18 g. of freshly 
precipitated cobaltous selenite were added 6 g. of selenium dioxide, 
a little water, and a large excess of ammonia {d 0*880). The result- 
ing clear solution was oxidised by a rapid current of air until free 
from excess of ammonia (12 hrs.). The solution was evaporated in 
a vacuum over concentrated sulphuric acid. ITo crystallisation 
occurred, but a thick, oily s3?Tup resulted. This was dissolved in a 
Httle water, and the filtered solution precipitated with alcohol, the 
parpcess being carried out five times. The resulting syrup was 
evaporated in a vacuum over concentrated sulphuric acid for 
several days, and then solidified to a dark red, crystalline mass 
[Found : Co, 16*51 ; SeOg, 52*75 ; NHg, 23*28 ; H^O (by diff.), 7*46. 
[Ck>{Se03){]SH3)5]2Se03,3H20 requires Co, 16*29; SeOj, 62*74; 
NH3, 23*60; H3O, 7*46%], which w^as extremely deliquescent, 
rapidly changmg to a viscous liquid on exposure to the atmosphere. 
The aqueous solution rapidly became turbid. Barium chtoiide 
precipitated barium selenite along with some cobalt selenite from the 
cold solution. On removing this precipitate and reducing the 
aci^ed filtrate with hydroxylamine hydrochloride, selenium was 
precipitated, thus indicating the presence of both ionised and 
co-ordinated selenite groups. Water was shown to be present in 
the compound qualitatively ; it was not removed by long exposure 
to acid in a vacuum. The compound analysed was 

probaldy appreciably decomposed* 

Am at^npt ^ estimate ionised and co-ordinated seleniiun 
separately 1^ to inconclusive results. Hydrolysis always occurred 
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during attempts to dissolve the substance even in ice-cold water. 
The analysis showed, however, that the substance does contain the 
selenito-group in the complex and that the ratio NH3 : Se03 is 5 : 1*5, 
which is in agreement with the proposed formula. The high 
solubility and rather unstable nature of the substance make it 
impossible to obtain it pure. 


Summary, 

Ions which possess an electrovalency of two show varying co- 
ordination valencies.. The carbonate ion usually occupies two 
positions, but sometimes only one. Ions of the sulphate and 
sulphite types possess a greater tendency to occupy one position m 
the complex. An explanation of this behaviour is advanced, and 
evidence in agreement with this explanation is obtained from a 
study of the properties of two selenitopentamminecobaltic salts 
which were specially prepared for this purpose. 

TmFKBIAL CoiiliEGE OF SCIENCE AND TECHNOLOGY, 

South Kensington. [Eeceived, Jvly IWi, 1928.] 


CCCXCIII . — Synthesis of Oxydehydrocorydaline. 


By Joseph Blake Koepfli and William Henry Perkin, jun. 


Corydaline, C22H27O4N, the principal alkaloid occurring in. Gory* 
dalis cava and Gorydalis tuberosa^ was first isolated by Wackenrbder 
{Berz, Jahr,, 1826, 7, 220) ; it melts at 133® and has -f 300® 
(in chloroform). Our knowledge of the constitution of this alkaloid 
is very largely due to the researches of Bobbie and Lauder (J,, 1902, 
81, 148), who, mainly as the result of the study of the substances 
obtained on oxidation and the comparison of these with the corre- 
sponding substances derived from berberine under like conditions, 
concluded that the constitution (I) must be assigned to corydaline. 

OMe OMe 



This formula represents corydaline as the methyl derivativj 
tetrahydropalmatine containing the methyl group in the p 
This view of the constitution of the alkaloid held tl^, 
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several years and was also adopted by Gadamer {Arch* Pliarm., 
1910, 248, 205) after the careful consideration of several alternative 
expressions. Perhaps the most characteristic property of corydaline 
is its conversion by mild oxidising agents with loss of four atoms of 
h 3 rdrogen into the yellow base dehydrooorydaline, O 22 H 25 O 5 N, 
which closely resembles berberine in appearance and in several of 
its properties and was therefore assumed to be the methylpalmatine 
(II) containing the methyl group again in position 1 . Confirmation 
of this view was thought to be disclosed by the fact that, for a long 
time, it was not found possible to convert dehydrocorydalme 
chloride into derivatives corresponding with oxyberberine and 
dihydroberberine, and the failure to undergo this characteristic 
reaction was assumed to be due to the presence of the methyl group 
in the position 1 . 

However, in 1922, Gadamer and von Bruchhausen {Arch* Pharm*, 
259, 249) succeeded in bringing about this change by treating 
dehydrocorydaline acetate with sodium hydroxide, and this im- 
portant result was the first clear indication that the methyl group 
in corydaline could not be situated in position 1. Further evidence 
on this point was also furnished by Spath and Lang (Ber., 1921, 
54, 3074), who converted palmatine iodide, by the action of magne- 
sium methyl iodide and subsequent reduction, into two isomeric 
methyltetrahydropalmatmes, neither of which was identical with 
dZ-corydaline. Since, however, the researches of Freund and Beck 
{£er,^ 1904, 37, 4674) have shown that, when the Grignard reagent 
reacts with salts of berberine, it is the hydrogen atom ( 1 ) which 
becomes replaced, and it may be assumed that the salts of palmatine 
win behave in a similar manner, the methyltetrahydropahnatines 
obtained by Spath and Lang should both contain the methyl group 
in position 1 and one of them should be identical with cZZ-corydaline 
(I), which, however, is not the case. More conclusive evidence in 
support of this view and indicating that position 4 must be assigned 
to the methyl group was subsequently brought forward by von 
Bruchhausen {Arch, Pharm,, 1923, 261, 31). 

This author achieved a partial synthesis of d-corydalin© by 
methylating palmatine acetone with methyl iodide and reducing 
the methylated product with zinc and sulphuric acid. Since the 
researches of Freund and Speyer {Anmlen, 1913, 397, 1) and 
Freund and Fleischer {ibid,^ 1916, 409, 194) have shown that, when 
substances of the dibydroberberine type, to which palmatine acetone 
is supposed to belong, interact with methyl iodide, it is the hydrogen 
atom in position 4 wMch is reactive and becomes rqilaced by methyl, 
von Bruchhausen maiatains that his s^thesis is strong evidence 
that, in coaydaline, the methyl group must occupy the position 4 . 
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More recently still, von Bruchhansen and Stippler {Arch. Phirm,^ 
1927, 265, 152) converted corydaline methocliloride into the 
anhydro-base (III) [compare anhydromethyltetrahydropahnatine 
(A), J., 1927, 2262], reduced the methosulphate of this with sodium 
amalgam to (IV), and showed that this substance on oxidation with 
permanganate yields methylacetoveratrone and, with ozone, 
4 : 5-dimethoxy-2-dimethylaminoethylbenzoic acid. Not only is 
this interesting series of decompositions (compare J., 1916, 109, 
821), which may be represented by the partial formulae 


Me I 

\/%A/ 

(HI.) II 

H,CMeCH. 

yv ^OMe 

MeO 



and 


CO, 


CHa 

OMe 


MeaN-CHa-CHg 


valuable general evidence of the constitution of corydaline, but, in 
particular, the formation of methylacetoveratrone may be taken as 
supporting the view that the methyl group in.corydaline occupies the 
position 4. 

This brief sketch shows that the evidence which gradually accu- 
mulated had become strongly in favour of the view that the consti- 
tution of corydaline must be represented by (V) and not by the 



OMe 



formida (I) of Dobbie and louder but, in order definitely to settle 
this matter, it seemed to us that it would be of interest to attempt 
to carry out a complete synthesis either of corydaline itself or of 
somehighly characteristic derivative of the alkaloid. Thederivatin 
selected in the first place was oxydehydrocorydahne (VI), 
experience gained in the course of previous synthetical wor!^i 
group of alkaloids suggested that the best starting pc ^ 
synthesis would be p-veratrylbutyric acid (VIII), This . } 
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to obtain by reducing the corresponding ^-verairyhrotonie acid 
But the acid (VII) proved difficult to prepare : among the unsuccess- 
ful attempts to obtain it may be mentioned the condensation of 


/NcHMe-CHa-COssH 
Med J — > Med J 


(Vn.) MeO 


(vm.) 


acetoveratrone with malonic acid and acetic anhydride (Massot, 
Ber,, 1894, 27, 1225) or acetic anhydride and sulphuric acid 
(Meldrum, J., 1908, 93, 598), and various processes involving the 
Claisen condensation. 

TJltmiately, acetoveratrone was found to interact readily with 
ethyl bromoacetate in the presence of zinc (Lindenbaum, Ber., 
1917, 50, 1270) : 



the crude ethyl p-veratryl-p-hydroxybutyrate, when distilled under 
reduced pressure, decomposed with the loss of water and formation 
of ethyl ^-veratrylcrotomte. The free acid (VII), readily obtained 
from the ester by hydrolysis, was reduced by sodium amalgam to 
^‘Veratryttutyric acid (VllI) and this, on treatment with sulphuric 
acid, yielded 5 : Q-dimethoxy-Z-methyhl-hydrindone (IX)^ a substance 



which was carefully characterised by conversion into the mime and 
isoMitro50-derivative. 

The formation of the hydrindone (IX) as the sole product of the 
dehydration is due to the well-known tendency to ring closure in 
the 6-p(»ition, para to one of the methoxy-groups. As it was 
necessary for the purpose of the synthesis of oxydehydrocorydaiine 
that this should not occur but that the hydrindone formation should 
take place in the position 2, the 6-position was protected by the 
introduction of a bromine atom (Haworth, Perkin, and Stevens, 
J., 1926, 1764; Haworth, Koepffi, and Perkin, J., 1927, 648). 

ocfd (X), obtained by treating the acid 
(Vm) in glacial acetic acid solution with bromine, readily suffered 
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ring closure when warmed with sulphuric acid and yielded 4i-bromo- 
6 ; l~dimethoxy-Z-methyl-\-hydri7idom (XI). 


Br Br CHlVIe 



When the isont^roso-derivative (XII) of this hydritidone, dis- 
solved in sodium hydroxide, was treated with toluene-jD-sulphonyl 
chloride, it underwent the Beckmann transformation and a good 
yield of 6-bromo-2-oarboxy-3 : 4-dimethoxy-a-phenylpropionitrile 
(XIII) was obtained. 


Br CHMe 



MeO 


Br 

I^CHMe-CN 

MeOl^COaH 

MeO 


(XIII.) 


This was converted, on hydrolysis, into 6-hromo-3 : 4-diinethoxy- 
a-methylhomophthalic acid (XIV), a gmn from which the crystalline 
anhydride (XV) was obtained by the action of acetyl chloride. 


(XW.) 


Br 

|^CHMe-CO,H 

MeC^JcOgH 

MeO 


Br CHMe 



MeO CO 


(XV.) 


The anhydride was hydrolysed in alkaline solution and debrominated 
with sodium amalgam, and the crude 3 : 4-dimethoxy-a-methyl- 
homophthalic acid (XYI) converted into the anhydride (XVII) by 
the action of acetyl chloride. 



OMe 



The anhydride (XVII) was now combined with p-veratrylethylamud 
(Haworth, Per^, and Pink, J., 1925, 127, 1709) by boiling th®J ^ 
substances together in benzene solution, the Jff-p-verat 
3 : 4-dimethoxy-a-methylhomophthalamic acid (XVin)i | 
was converted into the methyl ester, and this treatech«!^i¥b«5S- 
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phorus oxychloride in the expectation that methyl alcohol as well 
as water would be eliminated with the formation of oxydehydro- 
corydaline just as, for example, the methyl ester of ^-P-veratryl- 
ethyl-3 : 4-dimetlioxyhomophthalamic acid passes so easily under 
the same conditions directly into oxypalmatine (Haworth, Koepfli, 
and Perkin, J., 1927, 549). 

However, in the present instance, the methyl ester lost only water 
on treatment with phosphorus oxychloride and yielded a substance, 
CgsHgvOfiN, which was clearly 6:7:3': 4:' -MrametJioxy-^-methyl^ 
2'-mrb(methooc ^-^ : i-dihydroprotopapaverine (XIX),* because when 
heated at 160 — ^170° it yielded oxydehydrocorydaline (XX) with 
elimination of methyl alcohol. 

OMe OMe 




It has already been pointed out (p. 2990) that oxydehydrocoryd- 
aline was first prepared by Gadamer and von Bruchhausen from de- 
hydrocorydaline acetate by the action of sodium hydroxide, and 
these investigators describe it as crystallising from acetic acid in pale 
yellow, four-sided tablets, m. p. 228 — 228*5°. The substance which 
we obtained S3mthetica31y, after repeated crystallisation from 
alcohol, was nearly colourless and melted at 235 — 236*^, We are 
much indebted to Dr, von Bruchhausen for Mndly sending us a 
specimen of the oxydehydrocorydaline obtained from dehydro- 
corydaline acetate. After two crystallisations from alcohol, this 
was stOl pale yellow but the m. p. had risen to 234 — ^236®, and a 
mixture wi^ the synthetical substance showed no depression in 
melting point. There can therefore be no doubt that the two 
specimens are identical and that the substance obtained synthetically 
is in fact oxydehydroeorydalme. This synthesis of the substance 
clearly demonstrates that the constitution of corydaline must be 
that represented by formula (V). 

Preliminary experiments made with the object of converting 
oxydehydrocorydaline into dZ-corydaline by electrolytic reduction 
seem to indicate that this process does not take place so readily as 
the convearsiaa of . oxyberberine into tetmhydroberberme (Perkin, 
J., 1918, 113, 737), Wh^ lai^er amounts of material are available 
}t will be possible to decide whether the change can be brought about 

* Eor nomendature, see Buck, Perkin, and Stevens (J., 1925, 127, 1462). 
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in this way or whether some other process of reduction must be 
employed. 

Expekimental. 

Acetoveratrone, CgH 3 (OMe) 2 *COMe. — ^Veratrole (290 g.), prepared 
by the action of methyl sulphate on guaiacol (Perkin and Weizmann, 
J., 1906, 89, 1649), was dissolved in carbon disulphide (760 c.c.) and 
mixed with acetyl chloride (197 g.). Aluminium chloride (290 g.) 
was added to the ice-cold mixture in smaU portions with constant 
shaking, and the reaction completed by warming at 60® for a short 
time. The magenta-coloured crystalline mass was separated from 
the carbon disulphide and decomposed with ice, the whole extracted 
with chloroform, and the chloroform solution washed with dilute 
sodium hydroxide solution and with water and dried over calcium 
chloride. After removal of the solvent on the steam-bath, the 
residue was distilled under reduced pressure, acetoveratrone being 
obtained as a colourless oil (297 g.), b. p. 160 — 162®/10 mm., which 
crystallised on standing. 

Ethyl p- V eratrylcrotonate (formula as VII) . — ^Acetoveratrone (46 g. ) 
and ethyl bromoacetate (60 g.) in dry benzene (280 c.c.) were placed 
in a l*5-litre flask together with zinc turnings (20 g.) and heat was 
applied until the reaction commenced. After this had subsided, 
the liquid was boiled under reflux for f hour, cooled, decanted from 
undissolved zinc, and shaken with dilute sulphuric acid. The 
yellow benzene solution was dried over anhydrous sodium sulphate, 
the solvent removed on the steam-bath, and the residual light 
yellow oil, consisting of crude ethyl p-veratryl-p-hydroxybutyrate 
(p. 2992), distilled twice under diminished pressure ; the resulting 
ethyl ^‘Veratrylcrotomte (60 g,), b. p. 196 — 196® /lO mm., crystallised 
from ligroin in large colourless prisms, m. p. 51 — 52® (Found : 
C, 67d ; H, 7-1. requires 0, 67-2 ; H, 7-2%). 

In another experiment, ethyl p-veratryl-p-hydroxybutyrate 
(50 g.) was refluxed in dry benzene (200 c.c.) with phosphorus 
oxychloride (15 c.c.) for 30 minutes. The benzene solution, which 
turned dark red, was washed with water and dried over sodium 
sulphate, and the solvent removed on the steam-bath. The 
dark red oil, distilled under diminished pressure, gave ethyl 
P-veratrylcrotonate (30 g.), and a residue which could not be 
distilled without decomposition. This was hydrolysed with 
alcoholic potassium hydroxide and the solution was diluted with 
water, concentrated under diminished pressure on the steam-bath, 
and acidified ; an amorphous mass then separated which, aftdr 
solution in bicarbonate, extraction with ether and chloroform# 
reprecipitation, could ultimately be bbtamed crystalline from 
alcohol, separating in colourless prisms, m. p. 225 — ^226^ ' 

5f2 





KOlSFJflii: AJSl^ FMKiUJU Z 


C, 64-8 ; H, 6*5 : M, in camphor by East’s method, 482. C 24 H 28 O 8 
requires C, 64*8 ; H, 6-3% ; Jf, 444). This substarice, which does 
not appear to be reduced by sodium amalgam, is evidently produced 
from two molecules of veratrylhydroxybutyric acid by the 
elimination of two molecules of water { 2 Ci 2 Hie 05 — 2 H 2 O = 
Cg 4 B[ 2808 ). The amount of available material was, however, so 
small that no further experiments were made with the substance. 

^•Veratrylcrotonic acid (VII) was prepared by refluxing the ester 
(155 g.) with alcohol (500 c.c,), water (40 c.c.), and potassium 
hydroxide (42 g.) for 2 hours. The solution was diluted with twice 
its bulk of water, concentrated under diminished pressure on the 
steam-bath, and acidified with hydrochloric acid ; the crude brown 
acid (120 g.) obtained crystallised from benzene in pointed prisms, 
m. p. 138—140° (Found : C, 64-7 ; H, 6*3. C 12 H 14 O 4 requires 
C, 64-8; H, 6-3%). It is sparingly soluble in water but readily 
soluble in the usual organic solvents with the exception of petroleum. 
The solution in concentrated sulphuric acid is yellow and exhibits 
a greenish fluorescence on standing. 

The aqueous and the benzene mother-liquor (above) contain 
considerable quantities of a second acid which has not yet been 
carefully examined ; it melts at 90 — ^95° and is probably a stereo- 
isomeride (compare Johnson and Kon, J., 1926, 2749). 

^•Veratrylbutyric i4cid.(VIII). — p-Veratrylorotonic acid (90 g.), 
dissolved in water (2*6 1.) and sodium hydroxide (17 g.), was treated 
with sodium amalgam (4 kg. of 4%) at 85 — 90° with mechanical 
stirring. After 12 hours, the cooled and filtered solution was nearly 
neutralised with hydrochloric acid, and a cold aqueous solution of 
permanganate (100 c.c. of 1%) added. After a few minutes, sulphur 
dioxide in excess was passed in and the white precipitate of the acid 
was collected, washed well, dried in a vacuum desiccator, and crystal- 
lised from benzene, separating in pointed prisms (Found : C, 64*2 ; 
H, 7*1. CjL 2 Hift 04 requires C, 64*3 ; H, 7*1%). 

^^Veratrylbudyric acid melts at 84 — 86° and is very soluble in 
methyl alcohol but sparingly soluble in water or petroleum. It 
separates from dilute acetic acid in slender elongated prisms con- 
taining IH 2 O these melt at about 60 — 61° and lose water at 100 ° ; 
the solid remaining melts at 84 — 85° (Found : loss at 100 °, 8*3. 
requires HgO, 7*5%), 

6 ; 6 -Z)ilW«tib 2 ;y- 3 -me^AyZ-l-%dri?^^^o?le (IX), — p-Veratrylbutyric 
{7 g,) was mixed with concentrated sulphuric acid (30 c.c.) at 
60°. The temperature rose to 73° and was maintained at that for 3 
minutes ; the deep red solution was then poured onice and extracted 
with chlorctform. After being washed with sodium carbonate 
solution, the extract was dried over anhydrous potassium carbonate 
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and the solvent removed ; the colourless gum obtained soon crystal- 
lised and separated from very dilute methyl alcohol, on long stand- 
ing, in almost colourless prisms, m. p. 90 — 91® (Found : C, 69*6 ; 
H, 6’8. 0 i 2 Hi 403 requires C, 69-9 ; H, 6*8%). 

This hyd/ri7i^7ie is very soluble in organic solvents with the 
exception of petroleum. The oxime ^ prepared by the action of 
hydroxylamine hydrochloride and potassium acetate on an alcoholic 
solution of the hydrindone, is readily soluble in methyl alcohol and 
separates, on the addition of water, as a felted mass of colourless 
elongated prisms, m. p. 128 — 129® with previous softening (Found : 
N, 6-4. O12H3L5O3N requiresN,6*3%). The isomfroso-derivative was 
prepared by the action of methyl nitrite on an alcoholic solution 
of the hydrindone containing a little hydrochloric acid. It separated 
from methyl alcohol, in which it was rather sparingly soluble, in 
faintly lemon-coloured prisms, m. p. 225 — ^226® (decomp.) (Found : 
N, 5-6. requires N, 6*0%). 

^‘Bromo-^-veratrylhutyric Acid (X). — P-Veratrylbutyric acid (7'6 
g.) was dissolved in glacial acetic acid (150 c.c.) and acetic anhydride 
(50 c.c.) at 0® and mechanically stirred while bromine (55 g.) in 
glacial acetic acid (50 c.c.) was slowly added. The product was 
poured into water containing a little sulphurous acid. The almost 
colourless oil (100 g.) obtained gradually solidified; after being 
washed, it was dried in a desiccator and a portion was crystallised 
from acetic acid and a little water, separating in colourless stout 
prisms, m. p. 1067—107° (Found: C, 47*6; H, 5-0. 
requires 0, 47*5; H, 5-0%). This bromo-acid is very soluble in 
organic solvents with the exception, of petroleum and may be 
crystallised from a mixture of this and benzene. 

4-jBr(w»c-6 : l-dimethxyxy-Z-methyhl-hydrirtdom (XI). — 6-Bromo- 
p-veratrylbutyric acid (10 g.) was treated with concentrated sul- 
phuric acid (50 c.c.) at 76® for 5 minutes and the orange-red solution 
was then poured on ice and extracted with chloroform. After 
being washed with sodium carbonate solution, the extract was dried 
over anhydrous potassium carbonate, and the solvent removed. 
The light green gum obtained partly crystallised when rubbed with 
a glass rod. After draining on porous porcelain and several crystal- 
lisations from dilute methyl alcohol, the bromohydriridoiie was 
obtamed in lemon-coloured, ^t prisms (2 g.), m. p. 82—83® (Found : 
C, 50*6; H, 4*6. 0i2Hj8O3Br requires C, 60*6; H,. 4*6%). The 
oxime separated from methyl alcohol in stout prisms, m. p. 187-— 
188° (Found : Nj 4*5. Ci^Hj^OsNBr requires N, 4*7%). 

4-jBr(wwa-2.isomiroad-6 : (X 8^i^ 
— ^A solution of the bromohyfirindone (5 g.) in methyl 
(30 c.c.) and concentrate hydrocddoric acid (2 c.c.) wf^ 



2998 


KOEPSlil Aim PERKIN : 


mth methyl nitrite, the temperature being maintained at 35°. The 
yellow solution obtained slowly deposited crystals of the iBoniiroso- 
derivative, which separated from alcohol, in which it was but 
slightly soluble, in small, pale yellow, elongated prisms (3-5 g.), 
m. p. 217° (decomp.) (Found: N, 4*3. requires 

N, 4‘4%). The acid mother-liquor, on being concentrated in a 
vacuum, deposited a crystalline substance (1 g.), which separated 
irmn methyl alcohol in colourless prisms, m. p. 155 — 156°, but was 
not further examined, 

6-j5romo-3 : Anhydride (XV). 
— ^The taonitroso-derivative (3*7 g.) was dissolved in water (26 c.c.) 
and sodium hydroxide (1*7 g.), toluene-p-sulphonyl chloride (2*7 g.) 
added to the deep red solution, and the mixture well shaken. On 
raising the temperature gradually to 50°, all went into solution, and 
at 60° the liquid became colourless. It was cooled, filtered, and 
acidified and the colourless syrupy 6-bromo-2-carboxy-3 : 4-di- 
rdethoxy-a-phenylpropionitrile (XIII), which did not crystallise, 
was extracted with ether. After removal of the solvent, the gummy 
nitrile was gently boiled with aqueous sodiiun hydroxide (50 c.c. of 
8%) for 3 hours or until evolution of ammonia could no longer 
be detected. The filtered and weU-cooled solution deposited, on 
addition of hydrochloric acid, crude 6-brom9-3 : 4-dimethoxy- 
a-methylhomophthalic acid (XIV) as a sticky mass; this was 
exti^t^ with ether, and the ethereal solution dried over anhydrous 
sodium sulphate and evaporated, T5ie colourless gummy acid was 
refluxed on the steam-bath with excess of acetyl chloride for | hour, 
the excess of acetyl chloride removed under diminished pressure, 
and the pale yellow anhydride (XV) crystallised from dry benzene, 
separating in minute, colourless, flat prisms (2*8 g.), m. p, 128 — 129° 
(Found : C, 46*7 ; H, 3*5, CjgH^iOsBr requires 0, 45*7 ; H, 3*5%). 

3 : Anhydride (XVII). — ^The 
bromo-anhydride just described (2 g.) was dissolved in a little dilute 
aqueous sodium hydroxide, and the yellow solution warmed for a 
few minutes on the steam-bath until colourless. It was then 
diluted with water (100 c.c.) and heated on the steam-bath with 
sodium amalgam (IQQ g, of 4%) for 6 hours until a small filtered 
test portion showed only a faint cloudiness on treatment with hydro- 
chloric acid. ' The whole was then acidified, extracted several times 
with ether, saturated with ammonium sulphate, and again repeatedly 
extraksted, and the combined extracts were carefully dried over 
anhydrous sodium sulphate. The colourless gummy 3 : i-dimethosgr- 
a-methylhomophthaiic add remaining after evaporation of the 
ether was refluXed with excess of acetyl chloride for J hour. After 
vSemoval of the excess of acetyl chloride under diminished pressure, 
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tlie pale brown 3 : 4:^dirri^hoxy-a~methylhomophth^^ a7ihydnde 
(XVII) was dissolved in boiling dry benzene and the solution was 
decolorised with norite and concentrated; the anhydride then 
separated in colourless prisms ( 1*2 g.), m. p. 131 — 133® (Found : 
C, 60*8 ; H, 5-1. C 12 H 12 O 5 requires 0, 61-0 ; H, 5-1%). 

6:7:3': 4/-Tetramethoxy-Q-7Mthyh2^*mTbo^nethoxy~Z : 4i^dihydro- 
protopapaverine (XIX). — 3 : 4-Dimethoxy-a-methyUiomophthalic 
anhydride (1-5 g.) and P-veratrylethylamine (1*3 g.) were refluxed 
together in dry benzene (30 c.o.) for 2 hours. The well-cooled, pale 
yellow solution was extracted with aqueous sodium hydroxide 
(25 c.c. of 5%) and the orange-yellow alkaline liquid was extracted 
with ether and then made acid with hydrochloric acid. The 
precipitated, colourless, gummy ^-p-veratrylethyl -3 : 4-dimethoxy- 
a-methylhomophthalamio acid (XVIII) was dried in a desiccator, 
and the brittle amorphous solid obtained, which could not be 
crystallised, was dissolved in a solution of sodium bicarbonate 
(0*7 g.) in water (10 c.c.). Addition of silver nitrate (3 g. in 10 c.c. 
of water) to the filtered solution precipitated the silver salt, which 
was washed once with water, dried in a vacuum over phosphoric 
oxide, and refluxed with methyl iodide (3 c.c.) in dry ether (50 c.c.) 
for 12 hours. The filtered ethereal solution was evaporated to 
dryness and the crude gummy methyl ester (2 g.) was gently boiled 
with freshly distilled phosphorus oxychloride (20 c.c.) for 10 minutes. 
The excess of oxychloride was removed by distillation under reduced 
pressure, the residue warmed with water (60 c.c,), and the clear 
solution made alkaline with sodium hydroxide ; the orange amor- 
phous precipitate which then separated crystallised from methyl 
alcohol in colourless prisms (1-1 g.),- m. p, 136 — 137° with previous 
softening (Found : 0, €6-7 ; H, 6-5. requires C, 66 ^ 8 ; 

H, 6-5%). This substance, the properties of which show that it has 
the constitution (XIX), is soluble in dilute acids and precipitated 
unchanged by alkalis. It does not appear to be readily hydrolysed 
by methyl-alcoholic sodium hydroxide. 

Oxydehydrocorydaline (XX). — ^When the methyl ester (XIX) just 
described (1 g.) was heated ina test-tube at 160 — 170° for 10 minutes, 
the colourless substance, after melting, turned yellow, evolution of 
methyl alcohol could be detected, and the residue became quite dry 
and apparently crystalline, The substance was dissolved in much 
boiling alcohol, in which it was very sparingly soluble; almost 
colourless, cube-like prisms separated on slow cooHng, and a furthijc 
quantity was obtained by concentrating the mother-liquor, 
recrystallisation, the, substance {0*5 g.) mdted at 236 — 236°j| |^^ 
micro-analysis gave C, 69-0; H, 6*0, whereas 
C, 69-2; H, 6-0%. This substance is insoluble in 
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alkalis, but dissolves readily ia warm glacial acetic acid, and crystal- 
lises unclianged on the addition of water. It is soluble in sulphuric 
acid (50%), on warming, and the addition of a drop of concentrated 
nitric acid produces an almost black coloration, which changes to 
deep wine-red in a few minutes and then very slowly fades to yellow. 
There could be no doubt that this substance, which has properties 
so very similar to those of oxyberberine, is oxydehydrocorydaline 
(XX), and this view was confirmed, as has already been explained 
in the introduction (p. 2994), by direct comparison with a specimen 
of oxydehydrocorydaline from corydaline for which we are indebted 
to Dr. von Bruchhausen. 

The Dyson Peebins Laboratory, 

Oxford. [Meceived^ October 17/7 j , 1928.] 

CCCXCrV. — The Dependence of Boixdory Power on 
Chemical Constitution. Part XXXIII. The 
Besdlution of dl-m-Carhoxyphenyl Ethyl Sidphoxide 
and of dl-m-Ca/rioxyphenylethylsulphiTte-p-tohiene- 
svlphonyliimne. 

By Joseph HoiiiOWay, Joseph KBSToiir, and Hbney PHUitPS. 

The resolution of the sniphozide (I) and the sulphilimine (II) 
derived from wj-oarboxyphenyl ethyl sulphide substantiates the 

(I) 0— CgHjMe-SOa-N— (II) 

results previously recorded (Harrison, Kenyon, and Phillips, J., 
1926, 2079; Clarke, Kenyon, and Phillips, J., '1927, 188), which 
provided independent experimental evidence for the existence of 
semipolar double bonds. 

The brucine salt of m-carboxyphenyl ethyl mlphoxide, after re- 
crystallisation from ethyl alcohol until no further increase in rotatory 
power occurred, had [a]^i +70® in chloroform solution. It gave on 
decomposition with aqueous sodium hydroxide d-w-carboxyphenyl 
ethyl sulphoxide the specific rotatory powers of which are recorded 
in Table I. 

The quinidine salt of the <H-sulphoxide, after recrystallisation from 
benzene, containing a little ethyl alcohol, until constancy of rotatory 
power— {a^ +102° — ^was reached, gave on decomposition i-jw- 
«»bo3yphenyl ethyl sulphoxide with [a^ggi —232® in chloroform 
solution^ The satisfactory agreement between the specific rotatory 
of the two enantiomorpbs is good evidence that both were 
obtained optically pure. 
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Table I. 

Specific rotatory powers of rf-m-carboxyphenyl ethyl sulphoxide 
in solvents at 26°. 

c = g. of sulphoxide in 100 c.c. of solution ; Z = 2. 


Solvent. c. 6708. 5893. 5790. 5461. 4358. 

Methyl alcohol 2-7600 +126° +165° +171*^ +202° +418° 

Chloroform 4-2260 150 202 211 236 445 

Ethyl alcohol 4-0985 217 255 260 287 465 

Pyridine 1-6750 167 238 251 282 460 

Specific rotatory power of the potassium salt of rZ-wi-carboxy- 
phenyl ethyl sulphoxide. 

Water* 1-2650 113 163 160 180 355 


* This solution was prepared by diluting to the required volume a solution 
of a known weight of the ^Z-sulphoxide in the calculated quantity of standard 
potassium hydroxide. 

The specific rotatory powers of d-m-carboxyphenyl ethyl sulph- 
oxide under the experimental conditions employed are all greater 
than those of d-w-carboxyphenyl methyl sulphoxide (Hari’ison, 
Kenyon, and Phillips, Zoc. cit), but in common vdth the optically 
active sulphoxide previously described it exhibits complex rotatory 
dispersion and gives solutions which show no sign of mutarotation 
even after standing for several months. It can be concluded that 
the iZ-sulphoxide is a racemic compound, since its m. p. and its 
solubilities in various solvents differ widely from those of the 
optically active enantiomorphs. The 5-sulphoxide on oxidation 
yields optically inactive m-carboxyphenyUthylBulphone. 

Under experimental conditions which lead to the replacement 
of the oxygen atom of the d-sulphoxide, racemisation occurs. For 
example, when the sulphoxide is treated in chloroform solution 
with hydrogen bromide, the resulting m-carboxyphenyl ethyl mlphide 
dihromide is optically inactive. Further, the rotatory power of a 
solution of the d-s^phoxide in l-lA’’-hydrpbromic acid remains 
Xiractically unchanged during 1588 hours, but in the same time, 
owing presumably to more complete reversible replacement of the 
oxygen atom by bromine, a similar solution in 3'3A'-hydrobromic 
acid loses its optical activity as shown in Table II. 


Table II. . . , 

Specific rotatory powers of d- 7 w-carboxyphenyl ethyl sulphoxide^, 
in 3'3iV'-hydrobromic acid solution at 25°. . 


[“] 67«0 



c = 

1-4400 g.; 1 

1! 

= time in hours. 

0 

48 

72 

144 

312 

480 

646 

816 

144° 

121° 

116° 

06°, 

71° 

45° 

27° 

22°. 

160 

135 

128 

107 

80 

51 

31 

26 
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m - CarboxijplienylethyU^dpMne - p - toluenesulphonylwiine, — The 
brucine salt of «ZZ-wi-carbox37phenylethylsiilphine-p-toluenesulphonyl- 
imine on recrystallisation from acetone changed rapidly in rotatory 
power and when optically pure had [«]^ —167® in ethyl-alcoholic 
solution. On decomposition of this salt with dilute hydrochloric 
acid was ob- 

tained, the specific rotatory powers of which are recorded in 
Table III. 

Table III. 

Specific rotatory powers of I-m-carboxyphenylethylsulphine-p- 
toluenesulphonylimine in solvents at 25®. 

Z =: 2; c = g. of Z-sulphilimine in 100 c.c. of solution. 

A 

Solvent. c. 

Ethyl alcohol 2*7725 

Ethyl acetate 0*8980 

Chloroform 1*2315 

„ 0*6380 

„ 0*5600 

Glacial acetic acid ... 1*9185 

pyridine 2-5695 

Specific rotatory power of the sodium salt of Z-m-carboxyphenyl- 
ethylsulphine-jp-toluenesulphonylimine. 

Wetter * 1*7950 — — 318 363 662 

* This solution ivas prepared by diluting to the required volume a solution 
of a khoTm weight of the Z-sulphilimine in the calculated quantity of standard 
sodium hydroxide. 

The more soluble portions of the brucine salt on decomposition 
gave a sulphilimine with [al-jia +270®. This sulphfiimine was 
combined with strychnine, and . the strychnine salt crystallised 
repeatedly from ethyl alcohol until its rotatory power remained 
unchanged. It then had [ajgji +162® and on decomposition gave 
iZ-m-carboxjTphenyiethylsulphine-^-toluenesulphonyliinine with [a^j 
+373® in ethyl-alcoholic solution. 

The physical properties of both optically active and the inactive 
sulpfa iKmin es are s imila r, in marked contrast to the wide divergence 
between the physical properties of the optically active and inactive 
sulphoxides. Hence the d7-sifiphiiimine is probably a mixture of 
the two enantiomorphs and not a racemic compound. The specific 
rotatory power of the optically active sulphilimine is but sightly 
influenced by solvents and remains unchanged when the solutions 
are kept for several months. The rotatory dispersion is less complex 
than that exhibited in corresponding solvents by the sulphoxide : 
ha ethybalcoholic solution the sulphilimine exhibits simple rotatory 


6708. 

5893. 

5790. 

5461. 

4359. 

—226® 

-308® 

-324® 

-373° 

-690® 

213 

286 

307 

343 

640 

243 

300 

322 

365 

678 

— 

— 

305 

345 

642 

204 

272 

286 

330 

621 

233 

280 

306 

334 

643 

200 

290 

307' 

344 

670 
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dispersion, since a straight line is obtained when l/« is plotted 
against X®, 

d + dZ-m-Carboxyphenylethylsulphine - p - toluenesulphonylimine 
was converted by the action of dilute hydrochloric acid into a 
mixture of p-toluenesulphonamide, «i-carboxyphenyl ethyl sulphide, 
and dl-m-oarboxyphenyl ethyl sulphoxide, and with hydrogen 
peroxide the d2-sulphilimine gave as sole products p-toluenesulphon- 
nmide and OT-carboxyphenylethylsulphone. 

Expbbimbntal. 

Preparation and SesoluMon of dl-m-Carbom^Mnyl Ethyl Svlphoxide. 

m-EthyUhioV>emoic Acid. — m-Thiolbenzoic acid (78 g.), prepared 
by the reduction of m-chlorosulphonylbenzoic acid (Snules and 
Stewart, J., 1921, 119, 1792), was dissolved in sodium hydroxide 
solution (1000 c.c. of 10%) and added to a solution of ethyl p-toluene- 
sulphonate (200 g.) in ethyl alcohol (600 c.c.). The mixture was 
heated under reflux on a s^m-bath until a sample remained clear 
on dilution with water (6—8 hrs.). m-EthyUhiolbemoic acid, pre- 
cipitated from the cold reaction mixture by hydrochloric acid, was 
recr 3 rstallised twice from aqueous alcohol, from which it (73 g.) 
separated as shining leaflets, m. p. 99 — 100° (Found : equiv., by 
titration, 181. CgH^oOgS requires equiv., 182). 

dl-m-Carbossyphenyl Ethyl Sulphoxide. — m-Ethylthiolb«azoio acid 
(78 g.) and 2i7-nitric acid (780 o.g.) were heated on a steam-bath 
until solution was almost complete and the evolution of nitrous 
fumes had ceased. The cold filtered solution was extracted several 
times with chloroform. The dl-m-earboxyphenyl eBtyl sulphoxide 
obtained on evaporation of the dried chloroform extract was cr 3 ^tal« 
lised from either benzene or a mixture of chloroform and hgroin ; 
it (52 g.) then had m. p. 104 — 106° (Found ; C, 54-6 ; H, 5-1 ; S, 
16-2; equiv., by titration, 199. CjHi^OjS requires 0, 64*6 ; H, 
6-0; S, 16-1%; equiv., 198). It is moderately easily soluble in 
hot water, more easily soluble in warm alcohol, acetone, or chloro- 
form, and fairly readily soluble in warm benzene, cold chloroform, 
or cold alcohol. 

d-m-Carhoxyphervyl Ethffi Sulphoxide. — ^When a solution of the 
dl-sulphoxide. (27'6. g.) and brucine (65 g.) in hot ethyl alcohol 
(50 c.c. of 99%) was allowed to cool, the bruome salt, m. p. 98— 
101°, separated as rosettes of needles. After five reerystallisationi 
from alcohol, subsequent recrystallisation produced no fuc^M 
change in the rotatory power of the salt, which then had 
125 — ^126° (after desiccation for 3 days) and [«]!„« -f69° (c 
1 = 2) in chloroform solution. 

The brucine salt was decomposed with dilute sodium 



3004 HOLtiOWAY, KENYOK, ANB PHILTJPS *. THE DEPENDENCE OF 


solution, the liberated brucine removed by filtration, and the filtrate 
acidified and extracted three times with chloroform. d-w-Carboxy- 
phenyl ethyl sulphoxide, obtained from the dried chloroform 
extract, set to a hard mass of crystalline needles, m. p, 71^, and 
[a]Si +236® (Z = 2, c = 2-230) in chloroform solution. 

hm-Carboxy^henyl Ethyl 8%dphozide , — ^The dZ-sulphoxide (15 g.) 
and quinidine (25 g.) were dissolved in hot benzene (150 c.c.) con- 
taining a few drops of ethyl alcohol. The quinidine salt (10 g.), 
which separated on standing, had m. p. 189°, +130° {I = 2, 

c = 1-25) in chloroform solution. After five further recrystallis- 
ations, the optically piire salt was obtained with m. p. 198 — 199° 
and [a]« 6 i +102° {1 = 2, c = 1*25) in chloroform solution. 
Z-m-Carboxyphenyl ethyl sulphoxide, obtained by the decomposition 
of this quinidine salt, had [a^ —232°, [a]|5^ —207°, [a]^ —440° 
(Z = 2, c =? 1-25) in chloroform solution. 

m-Carbooi^phenyleihyls^phom. — ^The calculated quantity of per- 
hydrol was added to a solution of w-ethylthiolbenzoic acid in 
aqueous potassium carbonate. When reaction was complete, the 
solution was cooled, filtered, and acidified with concentrated hydro- 
chloric acid. The precipitated m-mrboxyphenyUtkylsylphone, after 
ciystaliisation from hot water, had m. p, 162 — 164° (Found : 
equiv,, by titration, 210. C 9 HJ 0 O 4 S requires equiv., 214), and was 
identical with the inactive sulphone, prepared in a similar manner 
from d-w-carboxyphenyl ethyl sulphoxide. 

m~Garboxyphenyl eSiyl sulphide dibroniide separated as clusters 
of yellowish-red needles, m. p. 102 °, when bromine (13 g.) was 
added to m-ethylthiolbenzoic acid (9 g.) in carbon disulphide 
(100 c.c.) (Found: Br, 45-3. CgHioOgSBrg requires Br, 46*8%). 
Its brojnine content decreases on exposure to air. 

Preparation and Besolution of dl-m-CarboxyphenyletJiyJmlphiTie'-p- 
Muenesulphonylimine. 

^l-m’Carboxyp7lmyhihyU^dphine>>p4olue7lesulph(mylimine . — ^To a 
solution of m-ethylthiolbenzoic acid (110 g.) in warm alcohol 
(550 C.C.), made just alkaline to phenolphthalein by the addition of 
3^-sodium hydroxide, ohloramihe-T (197 g. ; M mols.) in warm 
water (650 e.c.) was added, and the mixture heated under reflux on 
a steam-bath for 2 hours. Dilute hydrochloric acid was added to the 
resulting solution when cold; dl-m-car6ofl:^pAe»yfeZ%ZsitZ'pAi92e-p- 
t(duem8viphcnyUmine (100 g.) separated, and was obtained as small 
ifeeedles, m. p. 149°, hy crystallisation from aqueous alcohol (Found : 
C, 64*8; H, 4-8; ST, 3*9; S, 18?0; equiv., by titration, 349. 
C 10 H 17 O 4 NSO requires C, 54-7; H, 4-8; N, 4-0; S, 18-2%; equiv., 
351). 
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l-m-CarboaiypJi£nylethyUulphine~j^4olvenesiiJpJi^ — ^To the 

(ZZ-sulphonylimine (45 g.) in acetone (150 c.c.) containing a little 
ethyl alcohol, brucine (56 g.) was added, and the mixture warmed 
until solution was complete. The brucine salt, which crystallised 
in rosettes of fine needles, m. p. 160 — 161°, on cooling, was recrystal- 
lised from four successive quantities (about 160 c.c. in each case) 
of acetone containing a Ktfcle alcohol. Subsequent recrystallisation 
produced no further alteration in the rotatory power of this salt, 
which then had m. p. 161°, and -167° and -287° 

(Z == 2, c =*= IdOO) in ethyl-alcoholic solution. 

The brucine salt, dissolved in warm alcohol, was added to dilute 
hydrochloric acid, and a current of air drawn through the resulting 
clear solution. The l-m-car6oa;ypAew2^Zei%Zs2£ZpAme-p-foZwe9ie5wZpA- 
onylimine which separated crystallisied from alcohol in small 
prismatic needles, m. p. 149 — 150°, and had —368° (Z = 2, 
c = 2-543) in ethyl-alcoholic solution (Found : C, 54-8; H, 4-8%). 

Isolation of d-m-Carboosyphenylethylsulphme-p-tolv^enesiilphonyl- 
imine, — (a) By means ofcinchonidine. The d -f- dZ-m-carboxyphenyl- 
ethylsulphine-p-toluenesulphonylimine recovered from the alcohol- 
acetone mother-liquor from the first crystallisation of the brucine 
salt described above had [a]g 4 Qi +243°. That obtained from a second 
preparation of the brucine salt had [a] 54 ei +279°. These two lots 
(17-8 g.) of highly dextrorotatory sulphilimine, together with 
cinchonidine (14*9 g,), were dissolved in hot alcohol (500 c.c.). On 
cooling, the cinchonidine salt separated in bulky clusters of prismatic 
needles. It was recrystallised eight times from alcohol, but puri- 
fication was rather slow and, towards the end, somewhat erratic. 
The almost optically pure Z-cinchonidine d-m-carboxyphenylethyl- 
sulphine-p-toluenesulphonylimine obtained had m. p. 198 — 199° 
and [a]^x +60° (Z = 2, c = 1*050) in chloroform solution. On 
decomposition, as previously described, it gave d + dZ-m-carboxy- 
phenylethylsulphine-p-toluenesulphonylimine, m. p. 149 — 150°, 
[«]eSi +364° {1 = 2, c = 2-070) in ethyl-alcoholic solution. 

(b) By meaThs of strychnine. On cooling a solution of the d + dZ- 
sulphilimine (5*3 g. ; Ca] 546 i +270°) and strychnine (5-0 g.) in alcohol 
(20 c.c,), the strychnine d-salt, m. p. 165°, separated. It was re- 
crystallised ten times from alcohol (90 — ^50 c.c.), its rotatory power 
then being constant, and was thus obtained as glistening prismatic 
needles, m. p. 174° (decomp.), +152° (Z ~ 2, c = 0'9666) in 
ethyl-alcoholic solution. On decomposition, with dilute sulfjita^fe 
acid it gave d-m-carbosyphenylethylsulphine-p-toluenesulpJ?^^H 
Huine, m. p. 150-151°,' W|;o +323°, +373°, 

(Z = 2, c = 2-3426) in ethyl-alcoholic solution. 

It is somewhat curious that, although strychnine 
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fully erystalline salt — ^hard rosettes of fine needles — p. 162 — 164°, 
vith the dZ-sulphiliinme, yet crystallisation of this salt from methyl 
alcohol efiects no separation of the diastereoisomeiic forms. 

The Interaction o/ 1 + 6i-m~CaTboxyphenykthykulpM'n£-^''tdluene- 
sulphonylimine and Hydrochloric Acid, — The clear, deep red solu- 
tion obtained by heating I + dZ-sulphilimine (6 g.) with concentrated 
hydrochloric acid (18 c.c.) on a steam-bath for 6 minutes was 
neutralised with sodium carbonate solution, and the precipitated 
j?-toluenesulphonamide (2-5 g., m. p. 138°) removed. The filtrate 
was acidified and the ^n-ethylthiolbenzoio acid liberated (1 g.), 
after crystallisation from aqueous alcohol, had m. p. 99°. By 
extraction five times with chloroform, the w-carboxyphenyl ethyl 
sulphoxide (1-0 g., m. p. 102 — 104°) remaining in the filtrate was 
isolated : 0-5 g. made up to 20 c.c. with chloroform gave a solution 
which was optically inactive when examined in a 2-dcm. tube in 
light of X5461. The total yield of hydrolytic products was 75% 
of the calculated quantity. 

The Interaction of dl-m-OarboxyphenyUthyUulphbie-p-ioluene’^ 
ndphonylimine and Hydrogen Peroxide. — mixture of the dZ-sulph- 
ilimine (4 g.) and perhydrol (35 c.c.), heated on a steam-bath with 
occasional leaking, gave a clear solution in 15 minutes. The 
crystalline material (3 g., m. p. indefinite) which separated on cooling 
was recrystallised from a small bulk of ethyl alcohol, glistening 
leaflets (1*5 g., m. p, 162 — 164°) of w-carboxyphenylethylsulphone 
being obtained. After dilution, the filtrate yielded a second crop 
of crystals (0*5 g.) which proved to be p-toluenesulphonamide, m. p. 
138°. 

The authors desire to express their thanks to the Grovemment 
Grant Committee of the Royal Society for a grant which has helped 
to defray the cost of this investigation, 

Battersea PolttechNic, S.W. il, September 1928.] 

CCCXCV . — The Influence of Solvents on the Rotation of 
OfUcally Active Compounds. Part XXVI. The 
Optical Activity of Malic Add in the Presence of 
Sodium Molybdate. 

By 'Ebomas Soxwabt Pattebsok and Chables Bucbakak. 

In connexion witib earlier trork by one of ns on the general problem 
of tbe rotation of optically active compounds, in wbich the IMuence 
(^ .inactive scdvents upon tbe rotation of active compounds was 
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studied, we thought it worth while to investigate some of those 
remarkable cases discovered by Biot and by Gernez in which 
substances such as borax and salts of molybdie and tungstic acids 
greatly influence the rotation of certain compounds like malic acid 
and tartaric acid. Perhaps the most remarkable effects of this 
character are those recorded by Gernez {Gompt. rend., 1889, 109, 
769), who studied solutions in which, to a fixed quantity of malic 
acid, gradually increasing amounts of sodium molybdate were added. 
He found the rotation to vary in such a manner that two minima 
of negative rotation and one positive maximum were developed, 
whilst between these three different concentrations were observed at 
which the rotation was zero. Gernez accounted for this behaviour 
by assuming that each maximum or minimum corresponds to the 
formation of a definite additive compound having a composition 
represented by the relative amounts of malic acid and sodium 
molybdate in solution at that particular concentration. 

A summary of further work on this subject is given by Darmois 
(J. Phys. Radium, 1923, 4, 49), who claims to have isolated three 
compounds : {Mo04)2C4H604Na2,3H20, with +184® (c === 

0-96); Mo03,204H605,2NaOH, ~55-l° (0 = 20); and 

Mo03,2C4He05,4Na0H, for which no rotation ’’value seems to be 
given. 

The interesting phenomena described by Gernez have hitherto 
only been examined by means of light of one refrangibflity and, with 
one exception, at the ordinary temperature,* and we deemed it of 
interest to investigate a number of these solutions at different 
temperatures and for different colours of light, especially for those 
concentrations at which the rotation changes from a positive to a 
negative value through zero, and vice versa, with increasing con- 
centration of molybdie acid. 

Preparation of Sohdions . — ^The malic acid used was reorystallised 
from water and made thoroughly anhydrous. It had m. p. 100 — 
103®, [a]5?Jo — 1*99® (1-861 g. in 20 c.c. of water); Gernez found 
—2^0® at the same temperature for sodium j^ellow (X 6890). 

Our first series of solutions was made up to correspond to those 
of Gernez, who used 1-1166 g. of malic acid in 12 c.c. of water. A 

* Grossman and Potter (Z. physikal. Chem., 1906, 56, 577) examined solu- 
tions containing malic acid and sodium molybdate up to temperatures of 95° 
and concluded that various complexes are formed, some dextro and some Isevo, 
which on dilution decompose, yielding a complex of one molecule of Na 2 Mo 04 
and one molecule of malic acid. The work to be described, however, shows 
that above 60° such solutions undergo permanent change. They turn 
and on cooling the rotation does not revert to its original value. 

(Igc. dt., pp. 63, 69) states that he used three different colours of light, 
records only dispersion ratios. -lU #©*??*#** b 
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solution, of malic acid in water was prepared of as nearly as possible 
18-61 g. in 100 c.c. of solution, and its strength determined accu- 
rately by titration. Various quantities of sodium molybdate 
( 3 Sra 2 Mo 04 , 2 H 20 ; recrystallised from water) were weighed into a 
20 c.c. graduated flask to which 10 c.c. of the malic acid solution 
were added, and the solution was made up to 20 c.c. with water. 
The rotation of each solution was then examined for several colours 
of light and usually at different temperatures. The specific rotation 
was calculated relative to the amount of malic acid in the solution : 
[a] = lOOccfldp, where jp = g. of malic acid per 100 g. of solution, 
or [a] = lOOa/Jc, where c = g. of malic acid per 100 c.c. 

Fig. 1* shows the specific rotation for three colours of light at 17^ 
plotted relative to c<mcentration of sodium molybdaU^ the quantity 
of malic acid present remaining, of course, constant throughout. 

The specific rotation of the malic acid solution without addition 
is so small that it can hardly be indicated on the diagram, but the 
addition of sodium molybdate increases the negative rotation very 
rapidly, and almost linearly, for all three colours of light, until 
the first minimum is reached with the addition of a quantity of 
sodium molybdate corresponding to approximately 0*5 mol. per 
mol. of malic acid present in the solution {A in Fig. 1). On further 
addition of molybdate the rotation then rapidly becomes less 
negative and reaches zero at a concentration of sodium molybdate 
corresponding to about 0-7 mol. per mol. of malic acid. Zero 
rotation is not reached, however, at exactly the same concentration 
of molybdate for each colour of light; the three curves do not all 
intersect on the line of zero rotation {B in Fig. 1). 

With further addition of molybdate the rotation rapidly rises 
again, almost linearly, and reaches a positive maximum at or near 
a concentration of 1 mol. of molybdate per mol. of malic acid 
(G in Fig. 1). The rotation then rapidly diminishes, passing through 
zero rotation at D, where the concentration of molybdate is 14 mols. 
per mol. of malic acid, but it is diflSlcult to decide whether the zero 
for all three colours is at the same concentration. The three curves 
appear to intersect in a region where the rotation has a slight negative 
value of about — 4® ; the diagram does not show this very well. 
With further addition of molybdate, a second mmimum, is 
reached' at a concentration of about 1-76 mols. of molybdate to 
1 mol. of acid and, later, a third passage through zero rotation takes 
place at a concentration of about 2-07 mols. of molybdate to 1 of 
acid. The rotation then increases steadily until no more molybdate 
can be got into solution, 

* To avoid' Gonfusioii we have not indicated the individual esperixnental 
data on the die^rams. 
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These phenomena are very difficult to account for. It is easy to 
say that various compounds are formed in solution between the 
malic acid and the molybdate; but even on this hypothesis it is 


Fio. 1. 


Malic add : o = 9'3 ; t = 17®. 

Comeniration of sodium molybdate in molectdes per molecule of medic add. 

0-5 1-0 1*5 2 



difficult to give any consistent explanation of the phenomena, 
might seem that at least four different kinds of combinatioj|^| 
be postulated, with a reversal of agn of rotation betv' ' 
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form. Any discussion of the matter can only be undertaken by 
making so many quite arbitrary assumptions that for the present 
we do not propose to enter on it. The strongest argument in favour 
of this idea is that compounds of malic acid and sodium molybdate 
can be isolated in the solid form, Darmois claiming to have isolated 
three, as already mentioned. An alternative suggestion is that the 
sodium molybdate produces this effect by ordinary solvent action, 
and to show that this is not utterly improbable we may point to the 
facts that (1) salts such as barium chloride, potassium bromide, 
ammonium sulphate, etc., have very powerful depressing effects 
upon the rotation of aqueous solutions of ethyl tartrate (J., 1912, 
101, 1834), and (2) ethyl tartrate dissolved in benzene, in toluene 
and in o- and w-xylene apparently exhibits in dilute solution both 
a maximum and a minimum value in a manner not altogether unlike 
this, although, of course, in very different degree (J., 1902, 81, 1099). 

We wished particiilarly to examine the rotations of solutions in 
the neighbourhood of the points J?, D, and F (Fig, 1) as regards the 
effect of temperature change, since from our previous work we should 
have expected, at these points, rapid change of rotation in corre- 
spondence with the very rapid change of rotation due to alteration 
in concentration of the sodium molybdate. 

Kg. 2* shows some of these temperature-rotation curves which are 
numbered to correspond to the numbers shown in Kg. 1. It will 
be noticed that in all oases change of temperature does produce 
rapid alteration of rotation, and also that this alteration of rotation 
with change in temperature is consistent. 

The general behaviour will be understood by considering the 
solutions marked 1, 2, 3, 4, 5, and 6 in Kg. 1. Of these, solution 2 
may be first considered. The data shown on Kg. 1 are those for 
a temperature of 17'^ as marked by a vertical line in Rg, 2. When 
this solution is cooled, the rotation diminishes and the curves spread 
out from one another, but when it is heated above 17° the curves 
rapidly approach each other and intersect at, or very near, a point 
where the temperature is 20° and the specific rotation for the various 
colours is in the neighbourhood of —4*0°. It is difficult to decide 
whether the curves meet accurately at a point or over a slight range 
of temperature. On further heating of the solution, the rotation 
for all colours of light increases and the curves spread apart. 

When solution 1 is heated the rotation for all the various colours 
of light rapidly increases, but clearly if it were possible to cool the 
solution much beyond zero, these curves would intersect one another 

* p should he noted that only two of the curves in Figs. 1 and 2 are for the 
same wave-lengths. In Fig. 1, the third curve is for A = 5790 (yellow) and in 
Fig. 2, for A — 6234 (red). Fhia is not likely, however, to cause any confusion- 
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at a lower temperature, which, since extrapolation would have to be 
carried out over a considerable range, cannot be estimated with 
accuracy. 

Fio. 2 . 

Temperaiure. 

4 ® 8 12 16 17 20 24 28 32 36 40 44 48 62 56 



In solution 3 we find that, on heating from 0®, the rotation rapidly 
increases in such a way that the curves intersect one another 
temperature of approximately 33° and at a rotation value 
neighbourhood of —4°, after which the rotation continues 
the curves spreading out as in other cases. ‘ ^ 
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The data shown for solution 4 (the point E in Kg. 1) lie at the 
minimum of the concentration curve, and are represented at E in 
Kg. 2, and are of a particularly interesting character. On cooling, 
the rotation of this solution diminishes (becomes more negative) 
to show a distinct minimum and then rises again on further cooling 
to zero temperature. On heating, the curves show a behaviour 
very similar to that exhibited by those already dealt with ; the 
rotation rapidly increases, and again the various curves intersect one 
another at the same rotation as before, namely —4®, but at a tem- 
perature of 55®. Thus when the three solutions 4, 3, and 2 are 
heated, the curves for the different colours of light are found to 
intersect at practically the same rotation value, but at gradually 
diminishing temperatures. 

In solution 5 we find, as in the last case, distinct minima in the 
curves, but here the data shown in Kg. 1 at 5 lie on the left of the 
Tnlnimum in Kg. 2, whereas for solution 4 they lie to the right 
(point E, Kg. 2). On cooling, the curves for solution 5 gradually 
approach one another and intersect at a temperature of about — 4® 
and a rotation value in the neighbourhood of zero; on heating, 
the potation diminishes and reaches a distinct minimum value, 
after which the curves rise again, but could not be followed to 
higher temperatures on account of the liability of the solution to 
decompose. 

The temperature-rotation curves for solution 6 are also shown. 
In this case the rotation rapidly diminishes with rising temperature, 
and the curves intersect one another apparently over a slight range 
of temperature in the neighbourhood of zero rotation. 

Thus, the behaviour throughout is entirely consistent ; on heating 
the solutions 2, 3, and 4, the curves are made to intersect one another 
at practically the same rotation, —4®, but at different temperatures, 
viz,, 20®, 33°, and 55° respectively. It seems indisputable that, on 
heating, these solutions are brought into the condition represented 
on Fig. 1 at the point D, and, from analogy, it will probably be 
admitted that-^when solution 1 is cooled, its temperature-rotation 
curves would be caused to intersect at this same point. On the 
other hand, by cooling solutions and by heating solution 6, the curves 
are caused to intersect at a rotation value at or very close to zero, 
but at temperatures of 4® and 24® respectively, and this region of 
intersection is that represented at E in Kg. 1 . 

We had hoped that with one of these solutions, such as number 4, 
we should be able to demonstrate both of these regions of intersection 
of the temperature-rotation curves : that by heating the solution 
we should be able to reach the point D on Kg. 1 and, by 
cooling it, reach the point F, but in this we were disappointed, as it 
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is not possible to heat any of these solutions over a sufiScient range 
of temperature. 

It appears from this, however, that the behaviourof these solutions 
is closely similar to that of other simple active compounds dissolved 
in indiflferent ” solvents, for it has been shown by one of us that, 
although the temperature-rotation curves of an active compound 
may be very greatly modified either by different solvents or by 
change, of concentration in one solvent, yet the rotation value at 
which any two such curves intersect one another has, in general, one 
definite value, although it may occur at very different temperatures. 

The data we have collected furnish interesting and unique material 
in connexion mth the characteristic diagram. In a previous paper 
by one of us (J., 1916,109, 1202), itwas suggested that in consequence 
of the apparently periodic character of the temperature-rotation 
curves for active compounds, ‘"any given substance may very 
probably have several characteristic diagrams and several rational 
zeros. If these rational zeros are very different in value it might be 
possible readily to detect the trend of the two separate diagrams.' ' 
And in a later paper (Proc, Hoy, Soc. Edinburgh^ 1918 — 19, 39, 27) 
indications of the existence of two characteristic diagrams in the 
case of i^obutyl dibenzoyltartrate were described. In the present 
instance, since there are four points (including the point of origin 
of the diagram) at which the rotation becomes zero, it might be 
possible to draw four separate characteristic diagrams. There 
should be one from the point of origin up to the region A ; another 
from the region A through B to the region G; a third from the 
region G through D to the region E ; and another from E through F 
onwards. Since the points of intersection lie so close to zero, it is 
not easy to distinguish clearly between these separate characteristic 
diagrams, but on account of the fact that the intersections at D and 
at J' lie, quite definitely, (Fig. 2) at different rotation values, it is also 
certain that the two characteristic diagrams which could be drawn 
for these two regions of the cimves are different. We do not wish 
to dwell upon the point now ; we may have occasion to refer to it in 
connexion with later work. We may add, however, that in con- 
sequence of intersection taking place very near zero rotation in each 
case, dispersion ratios remain fairly constant throughout, the 
constancy being somewhat improved by calculating from the 
rational zero in each case. 

If these curves are considered from the point of view of a com- 
bination of malic acid and sodium molybdate in solution, thejif. 
might possibly be interpreted by supposing that heating the 
tions has the effect of dissociating any compound which 
formed, and that cooling has the opposite effect. ^ ' 4p^m: 
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The portion of the curve in the neighbourhood of the second 
minimum is possibly the most interesting on account of the com- 
paratively easy recognisability of the two regions of intersection. 
We have not examined the other portions of the curve in so complete 
a fashion, but, except for solutions represented on the part of the 
curve from the origin up to A, it appears that heating the solutions 
causes a change of rotation similar to that obtained by travelling 
along the concentration curve to the left as in the cases referred to 
above. For solutions from the origin up to A, a diEEerent behaviour 
is noticeable : on heating such solutions it might be expected from 
the previous observations that the rotation should diminish, whereas 
the opposite takes place — the rotation increases slightly. 

Since the number of colours of light used by us is only small, we 
have not examined very specially the dispersion curves for these 
solutions — ^they seem to us much like these for most other active 
compounds. By plotting X® against 1 /« we find for the solution 
indicated by 1 in Figs. 1 and 2, at 16° and 36°, an approximately 
linear relationship, but for 2 and 3 at zero, 4 at 17° and 5 at 30°, 
this is not the case. 

The foregoing experiments were carried out with practically the 
same concentration of make acid as was used by Gemez, the con- 
centration of sodium molybdate being increased as far as possible. 
In order to increase the proportion of molybdate to malic acid to a 
still greater extent, we used a more dilute solution of malic aeid 
(c = 2-65 g./100 c.c. of solution), the rotation being examined for 
three different colours of light at approximately 20°. The results 
for mercury yellow (X 5790) are shown in Fig. 3. The curve obtained 
shows that the variation of the rotation for this proportion of malic 
aeid with gradual increase in the quantity of molybdate present is, 
on the whole, similar to that previously described. The first 
minimum occurs very near the same position as before, but seems 
to have a slightly less negative value, whilst the first maximum has a 
slightly higher value. A greater difference is to be observed in the 
second minimum which, for this solution, has a positive instead of a 
negative value. There is no definite indication, however, of a 
second maximum although the quantity of molybdate to malic 
acid was more than twice as much as in the previous case. 

We also examined a solution of greater concentration as regards 
malic acid, and its behaviour is also shown in Fig, 3. The curve 
obtained is, on the whole, very similar to the first one described, and, 
in general, it may perhaps be said that increase in concentration 
of the malic acid compresses the whole concentration curve towards 
the left of the diagram, increased dilution having the opposite effect. 

Since these changes have been attributed to formation of com- 
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pounds of sodium molybdate and maKo acid, we examined for 
comparison a solid compound obtained by dissolving 9 g. of maKc 
acid and 8-1 g. of sodium molybdate in a small quantity of water, 
and then adding wann alcohol until a slight turbidity was 
produced. On standing, light crystals filled the liquid and were 

Fig. 3. 



filtered off, — 48*65 (c =? 2*5). On recrystallisation from 
aqueous alcohol, the rotation rose to —50*45® and remained con- 
stant on further recrystaHisation, but analytical results agreed only 
approximately with the formula 2C4H605,lTa2Mo04. A rough 
estimate of the change of rotation with concentration indicated that 
the specific rotation decreases on dilution. 

Attempts were made to find anorganic solvent for this compcwad, 
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but without success. The rotation was therefore observed in 
aqueous solution for six colours of light at different temperatures. 
The temperature-rotation curves showed no very characteristic 
peculiarity ; the rotation increased in much the same way as for 
solutions in the neighbourhood of 4, Fig. 1. 

We thought it worth while also to ascertain whether, on mixing 
solutions of malic acid and of sodium molybdate, any gradual 
change of rotation with lapse of time— any lag — could be observed. 
In our first experiment, the two separate solutions were kept at 
room temperature for a considerable time, then mixed and immedi- 
ately placed in the polarimeter. The rotation showed quite a 
considerable and steady change during about J hour. We found, 
however, that this was, in fact, a temperature effect. On mixing 
the two solutions there is a rise of temperature — ^which, of course, 
may indicate the formation of some compound — ^and, as the solution 
cooled, its rotation changed, in the manner of one of the curves in 
Fig. 2. If, after mixing, the solutions were quickly cooled to the 
original temperature by immersing the containing flask in water, 
no lag could be observed. 

Experimenial Data. 

The colours of light used were the following and, to save space, 
will be denoted in the sequel by letters : 

y g b V 

A 6716. 6234. 6790. 6461. 4916. 4359. 

Data used for Fig. 1. 


{M = g. of malic acid per 100 c.c. ; jS = g. of sodium molybdate per 


M. 

S. 

100 c.c.) 

[ar- 

[a^. 

[ajv . 

9-326 

0-4785 

8-05° 

- 9-40° 

- 14-40* 

9*307 

4-00 

53-0 

~ 61-4 

-115-2 

9-305 

603 

80-7 

~ 93-5 

-176-8 

9-323 

7-99 

90-72 

-105-4 

-202-1 

9-322 

8-41 

86-44 

-100*4 

-191-9 

9-325 

9-07 

71-45 

- 82-44 

-164-8 

9-322 

10-04 

39-83 

- 45-86 

- 84-96 

9-325 

10-59 

22*52 

- 26-61 

- 46-45 

9-322 

12-00 

23-41 

27*29 

4- 58-39 

9-322 

14-07 

90-57 

105*4 

4-213-1 

9-322 

16-28 

-h 154-6 

4-180-6 

4-360-8 

9-322 

16-51 

. 166-6 

4-183-1 

4-366-7 

9-322 

18-05 

4-141-8 

166-5 

4-332-9 

9-322 

20-00 

4- 78-59 

92-82 

4-188-4 

9-307 

22-00 

+ 17-45 

21-10 

4- 47-00 

9-307 

24-00 

5-40 

- 5-60 

- 6-70 

9-325 

26-22 

10-70 

- 12-10 

- 19-85 

9-286 

28-91 

16-01 

- 18-40 

- 34-38 

9-325 

33-61 

9-10 

- 0-70 

- 19-80 

9-307 

36-77 

4- 6-20 

4- 7-00 

4- 10-40 

9-322 

63-55 

69-92 

4- 81-27- 

4-147-9 
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Solution 1 . 


Malic acid, c = 9*307, p = 7*849 ; sodium molybdate, c = 22*00. 


L 

d. 

[a]rx. 

[ak. 

w.. 

[a]g. 

[a]6. 

[a].. 

0^ 

1*1932 

-h 5*2r 

+ 6*56® 

+ 8*54® 

+ 10*81® 

+ 15*55® 

+26*43® 

16 

1*1871 

11*47 

13*75 

17*37 

20*79 

29*71 

45*81 

27 

1*1821 

14*62 

17*92 

22*43 

26*74 

37*38 

57*79 

35*8 

1*1775 

17*11 

21*57 

26*58 

31*65 

44*36 

67*76 




Solution 2. 





Malic acid, 

c = 9*307, p = 7*775; sodium molybdate, c = 24*00-^. 

t. 

d. 

[«]a* 

[a]r2* 

[air* 


[a>. 

[a]*,. 

0° 

1*2127 

-9*08® 

-10*61® 

-12*10® 

-13*59° 

-16*44® 

-23*47® 

11 

1*2075 

-5*92 

- 7*02 

- 8*32 

- 9*19 

-10*38 

-13*98 

16 

1*2050 

-4*60 

- 5*14 

- 6*00 

- 6*27 

- 6*80 

- 7*60 

19*5 

1*2032 

-4*01 

- 4*28 

- 4*31 

- 4*28 

- 3*94 

- 4*01 

22-5 

1*2018 

-2*94 

- 2*74 

- 2*54 

- 2*34 

— 1*81 

- 0*69 

27*5 

1*199 

-1*21 

- 0*47 

+ 0*13 

+ 0*94 

+ 2*48 

+ 6*17 

37*5 

1*1935 

-f3*06 

+ 3*74 

+ 5*79 

+ 7*21 

+ 11*15 

+ 19*03 




Solution 3. 





Malic acid, 

, c = 9*325, p = 7*711 ; sodium molybdate, c = 26*22. 

L 

d. 

[®]ri • 

[a]/-2* 

[a],. 

[al* 

[a]6. 

[a]». 

0° 

1*221 

-10*83® 

-12*74® 

-14*60® 

-16-79° 

-21*94® 

-31*10® 

13 

1*2148 

- 9*61 

-10*48 

-11*94 

-13*51 

-16*88 

-23*69 

35 

1*2034 

- 3*17 

- 3*23 

- 3*03 

- ‘2*96 

- 2*29 

- 1*35 

44*8 

1*1976 

db 0 

+ 0*41 

+ 1*49 

+ 2*40 

+ 4*74 

+ 9*95 

55*5 

1*1910 

-f 3*69 

+ 4*70 

+ 6*74 

+ 8*54 

+ 13*20 

+ 21*64 




Solution 4. 





Malic acid. 

0 = 9*285, p = 7*566 ; sodium molybdate, c == 28*91 • 

t. 

d. 

[«]a- 

[alrg. 

[aV 

[ai. 

[«>. 


0° 

1*2384 

- O-Sl* 

-11*15® 

-12*94® 

-14*94® 

-19-88“ 

-29*28® 

11 

1*2335 

— 

— 

-15*77 

-18*22 

— 

-34*19 

17 

1*2306 

-12*09 

-13*97 

-16*01 

-18*40 

. -24*24 

-34*38 

37*5 

1*2195 

- 8*81 

-10*03 

-11*72 

-13*18 

-15*92 

-22*10 

49*5 

1*2123 

- 5*66 

- 6*13 

- 6*95 

- 7*53 

r- 8*59 

-10*22 

58*5 

1*2065 

- 2*64 

- 2*60 

- 2*53 

- 2*40 

- 1*64 

+ 0*75 




Solution 6. 





Malic acid 

, c = 9*325, p = 7*455 ; sodimn molybdate, c = 33*61. 

L 

d. 

[ak* 

Mr,. 

[aV 

lal. 

[afc. 

[®]»* 

0° 

1*2660 

+2*10® 

+ 2*32® 

+ 4*07® 

+ 3*84® 

+ 4*37® 

+ 6*63® 

19 

1*2562 

-7*27 

- 8*48 

- 9*94 

-10*41 

-14*42 

-21*22 

30 

1*2502 

-9*39 

-11*23 

-12*54 

-14*35 

-18*64 

-27*13 

40*4 

1*2440 

-9*84 

-11*26 

-12*27 

-14*22 

-18*53 

-26*15 

48*2 

1*2390 

-9*00 

- 9*81 

-11*44 

-12*42 

-16*17 

-22*19 




Solution 6. 





Malic acid 

, c = 9*307, p = 7*285 ; sodium molybdate, c = 35*77. 

t. 

d. 




[a].. 

Wa. 


0'= 

1-2938 

+ 18*37® 

+21*48® 

+26*19® 

+30*04® 

+38*46® 

+52*18® 

16 

1*2854 

+ 4*77. 

+ 5*81 

+ 7-14 

- + 8*28 

+ 10*35 

+ 12*75 

20-5 

1*2828 

+ 1*94 

+ 2*41 

+ 3*38 ■ 

+ 3*68 

+ 4*95 

+ 5-15 

24*2 

1*2806 

+ 0*33 

+ 0*54 

+ 0*87 

+ 0*94 

+ 0*87 

+ 6*^0 

25*5 

1*2800 

- 0*44 

- 0*47 

± 0*00 

- 0*27 

- 0*60 

— *2^1 ' 

29*2 

1*2778 

- 1*95 

- 2-15 

- 2*35 

- 2*89 

- 3*83 


37*8 

1*2725 

- 4*92 

r- 5*60 

- 6-14 

- 6*67 

8*97 
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Data used for Fig. 3. 

(6' = g, of sodium molybdate per 100 c.c . ; n = mols. of Na 3 Mo 04 , 2 Ha 0 
per mol. of C^HgOs.) 

Malic acid, o — 17*88. 

Botations (t = 17®, approx.). 


s. 

w. 

[a]sf. 

[al. 


5-127 

0-1588 

- 36-13® 

- 42*34° 

- 78*64' 

10-201 

0-3159 

- 70-81 

- 82-55 

-156-9 

16-24 

0-4719 

- 98-49 

-114*6 

-218-5 

20-13 

0-6233 

- 38-48. 

- 50-28 

- 82-77 

21-899 

0-6780 

- 3*84 

— 4-06 

- - 

22-51 

0-6971 

-1- 6-33 

+ 7-38 

+ 18-79 

24-966 

0-7732 

-i- 41-61 

+ 47-48 

+ 97*99 

30-37 

0-9404 

+ 132-2 

+ 154*8 

+310-9 

32-01 

0-991 

+ 153-6 

+ 179*3 

+359-6 

32-23 

0-998 

+ 155-4 

+ 182-3 



32-35 

1-00 

+ 157-4 

+ 184*5 

+ 370*2 

35-00 

1-084 

+ 121-5 

+ 142*3 

-r 359-6 

40-15 

1-243 

+ 38-31 

+ 45*58 

+ 96*2£> 

42-71 

1-323 

+ 13-02 

-h 15*45 

— 

46-06 

1-395 

- 11*07 

- 12*64 

— 20-75 

50-04 

1-560 

- 17-00 

- 19*96 



66-10 

1-706 

- 6-77 

- 7*83 

- 17-28 

60-78 

1-882 

+ 18-46 

+ 21*08 

— 




Malic acid» c 

= 2*55. 




Botations (f = 17°, 

approx.). 

S. 

n. 



[a^ 

[ai. 


0-96 

0*2084 

- 47*45 

- 64*13 

-105-9 

2-017 

0-438 

- 90*59 

-106-3 

-199-6 

2-395 

0-5201 

- 72*16 

- 87-46 

166-7 

2-60 

0*5646 

- 54-91 

- 64-71 

-121*6 

4-033 

0-8758 

+114-5 

+ 132-5 

+264*3 

4-348 

0*9443 

+ 143-6 

+ 166-3 

+334-1 

4-612 

1*0002 

+166-9 

+ 183*1 

+364-8 

5-03 

1*092 

+ 164*7 

+ 193*7 

+ 382*3 

5-437 

1-181 

+ 160-1 

+ 187*5 

+370-2 

5-922 

1-286 

+ 145-5 

+ 171*4 

+ 339*2 

7*01 

1*523 

+ 97*27 

+ 116*3 

+230-2 

8-093 

1*758 

+ 57-27 

+ 67*46 

+ 137-4 

9-433 

2-048 

+ 28-63 

+ 33*73 

+ 69-42 

9-905 

2-151 

+ 23*14 

+ 27*06 

+ 54-90 

10-76 

2-336 

+ 16-87 

+ 19*61 

+ 41-97 

11-40 

2-476 

+ 14*51 

-h 15*69 

+ 34-90 

12-15 

2-638 

+ 12*94 

+ 14*51 

+ 28*23 

12-975 

2-818 

+ 12-66 

+ 14-51 

+ 29-81 

13-404 

2-911 

+ 12-65 

+ 15-30 

+ 29*81 

15*018 

3-262 

+ 14-90 

+ 17-66 

+ 32-95 

16-404 

3-562 

+ 19*22 

+ 22-75 

+ 40-00 

19*146 

4^58 

+ 27*06 

+ 32-16 

+ 60-39 

25-11 

5-464 

+ 48-23 

+ 56*48 

+103-1 

29-732 

6*457 

+ 64*71 

+ 72-56 

+135-7 

‘34-97 

7*595 

+ 81*96 

+ 96*3 

+ 177-6 

39-81 

8*646 

+ 94-52 

+ 108-6 

+203-9 

45-00, 

; 9^772 

+112-9- 

+^129-0 

+238-9 

^08. 

10*87 

■ - +127-8 

+146-3 

+272-2 
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notations of sodium molybdomaiate, 2C4HQ05,NaaMo04, in water 
(p = 23-37). 


t. 

d. 

Wri- 

[a]r2- 

[a],. 

[ah. 

4 
1 — 1 

0® 

1-1540 

-35-34° 

-41-65° 

-49-97° 

-58-38° 

-112-9‘ 

16 

1-1484 

37-22 

44-18 

52-43 

61-53 

116-7 

25-5 

1-1444 

38-35 

45-53 

54-29 

63-36 

121-3 

37 

1-1390 

39-03 

46-29 

55-36 

64-58 

122*4 

45*0 

1-1345 

39-42 

46-85 

56-04 

64-88 

122-9 


For this solution the rotation for blue could not be read. 


Our thanks are due to the Carnegie Trustees for the Universities 
of Scotland for a grant which defrayed part of the cost of this 
investigation. 

IJiinvEBSiTy OF Olasgow. [Becetved, Jidy I4th, 1928.] 


CCCXCVI. — Aminohenzthiazoles. PartX. The Mobility 
of the \-Amino-Z-methylhenzthiazole System. 

By Robert Fergus Hunter and Eric Rofe Styles. 

In Part III (J., 1926, 1385) it was shown that rational syntheses of 

1- aminobenzthiazole and of 1-imino-l : 2-dihydrobenzthiazole led 
to a single individual which gave almost quantitatively the l-imino- 

2- alkyl- 1 : 2-dihydro-derivative on alkylation and 1-acetamido- 
benzthiazole on acetylation. On the basis of those experiments, 
the mobility of the symmetrical triad system in 1-aminobenzthiazole 
was regarded as being established. 

That experimental evidence, however, is somewhat slender to 
carry the superstructure of the theories which have been suggested 
in Parts V to IX, Moreover, the critioism has still to be met, that 
the isolation of the second alkyl derivative of l-aminobenzthiazole 
was left doubtful ; for Pyman ( J,, 1923, 123, 367, 3359) has shown 
that mobile open-chain amidiues invariably react in two tautomeric 
forms on methylation. It was therefore decided to establish the 
mobility of a typical substituted 1-aminobenzthiazole by means of 
evidence of the symmetry type (Ingold and Piggott, J., 1922, 121, 
2381) and of the substitution type {idem, J., 1923, IM, 1470) about 
which there could be no question. The example chosen was 
l-amino-3-methylbeiiz.thiazole (I 11). 

Me , Me ^ 

The symmetry test of mobility was first ai^lied. By the. 
syntheses mentioned below, l-acdcmMo-3-im(hy^mthiazci${JS^^^j^ 
So 
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l-imi?to- 2 -ace^ 2 /?- 3 -mfiiA 2 /Z-l : 2-dihydrobenzthiazoU (IV) were prepared, 
and these yielded the same tautomeric base (I ::^=^ II} on hydrolysis. 
Moreover, (HI) was obtained in almost quantitative yield by direct 
acetylation of l-amino-3-methylbenzthiazole with acetic anhydride. 

(in.) CgH3M<|.>C-NHAc CeHgMeCl^O:]^ [W.) 


Under the usual conditions, bromination of stable acetjd-o-tolyl- 
thiocarbamide, C^Hy^NH'GS^KHAc (Hugershoff, £cr., 1899, 32, 
3649 ; Wheeler, Amer, Chem, J.\ 1902, 27, 270) readily produced a. 
Mrabromide of l-acetamido-3-methylbenzthiazole, which gave the 
expected base (III) on reduction with sulphurous acid. Bromin- 
ation of labile acetyl-b-tolylthiocarbamide, C^Hy^NAc'CS-NHo, 
under carefully controlled conditions, led to the production of a 
tribromide (compare Hunter, J., 1926, 1395), w’hich gave the iso- 
meric iminoacetyldihydrobenzthiazole (IV) on reduction. 

When the temperature was allowed to rise, or when a considerable 
excess of bromine was employed, during the bromination of labile 
acetyl-o-tolylthiocarbamide, the product consisted, not of the 
expected iminoacetyldihydrobenzthiazole tribromide, but of the 
tetrabromo-addition compound obtainable by bromination of the 
isomeric stable acetyl-o-tolylthiocarbamide. This result was evi- 
dently due to conversion of the labile into the stable acetylthio- 
oarbamide under the influence of bromine, similar to the isomer- 
isation which these compounds ara known to undergo under the 
influence of alkalis (Wheeler, foe. cit.), followed by thiazole ring 
formation in the usual way (Hunter and Soyka, J., 1926, 2958). 
This curious isomerisation may be explained by assuming the 
formation of an intermediate, unstable, four-membered, heteroeyeUc 
compound of the 1 : 3-dimethmdiazine type obtained by Ingold 
and Piggott (J,, 1922, 121, 2797) by the additive union of suitable 
azomethines (compare also Ingold and Kggott, J., 1923, 123, 2746 ; 
Ingold, J., 1925, 127, 1141) : 


HSo/\cMe 


HS-o/ \cMe — HS-O/ .CMe 
\0H ■ "0 


The substitution test completely supported the symmetry test 
of mobility (compape- Ingold and Piggott, J., 1923, 123, 1471), for 
meftylation ’ of the single individual (I 11) gave rise to a 
mixture of l^meth^mim-Z-methylbenzthiazole (V) and 14mi7io- 
2 i Z-dimethyl-l : 2-dihydrobenztihiazoU (VI) containing about 1% 
of the fdtmeaTv (V and. VI are IH and IV, respectively, with Me 
H place oi Ac.) 
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The addition of methyl iodide to mobile and to static amidines 
(Bnrtles and Pyman, J., 1923, 123, 362; Pyman, ibid., pp. 367, 
3359) appears to indicate that the first action of methyl io^de on 
the former is one of direct addition to the double-bonded nitrogen 
atoms of both phases of the tautomeric system, mth the production 
of isomeric methiodides which pass into the hydriodides of the 
methyl derivatives derived from the isomeric forms of the mobile 
individual : - 

-[H]N-C:N -[H]N-C:N(MeI) -N:C•2^[H](MeI) -N:C-NMe(HI) 

n — >■ + — ^ + — y + 

-]Sr.W[H] -(SreI)N:C-N[H] -(MeI)N[H]-C:N -(HI)mie-C:N 

The suggestion (Hunter, J., 1926, 1389) that iminomethyldi- 
hydrobenzthiazole is obtained from the iminodihj'dro-phase 
direct replacement of the mobile hj^drogen atom (compare von 
Pechmann, Ber., 1897, 30, 481 ; Lander, J., 1903, 83, 320; Cohen 
and Marshall, J., 1910, 97 , 329) must therefore be modified (compare 
Yomig and Crookes, J,, 1906, 89 , 59 ; Tschitschibabin and Konowa- 
lowa, Ber., 1921, 54, 814). The methylation of semi-cyclic amidines 
in which one of the nitrogen atoms of the triad system is part of 
an aromatic heterocyclic nucleus, as in aminothiazoles and a-amino- 
pyridines, is evidently dependent on the aromatic conjugation of 
the system, a topic which will be more fully discussed in a future 
i^aper. 

The bromo-addition compounds of l-amino-3-methylbenzthiazole 
and its derivatives were r^uced by faydriodic acid in acetic acid, 
but owing to the readiness, with which they changed into bromo- 
substitution- compounds it was impossible to estimate the labile 
bromine iodometrically. 

The bromo-substitution compounds were shown to be 5-bromO’l- 
alkylamim-Z-methylbenztM (VIII) by rational syntheses of the 
1-amino-, 1-%-propylamino-, and 1-n-heptylamino-compoimds from 
the corresponding p-bromo-o-tolylthiocarbamides (VII). 

Me NH Me 

Ex?BEIMEKTAIi. 

{Tautomeriro sabstances . are nanied «a th® basis of the amuMi- 

-fonmite,) 

Synthesis of l-Amim'-S-m^yUiemthiazoie from 
Z-me^yl-1 : {W). — A solutioa of 6'^ 

labile acetyl-o-tolylthiocarbami6fo (m. p. 140^) m 50 e.e. 
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form was graduall 3 ’^ treated at 0° with bromine (2*5 c.c.) in chloro- 
form (7 C.C.). The liquid was rapidly filtered and kept for 10 — 15 
minutes at about 0® in a vacuum. The yellow needles of the tri- 
bromide produced, m. p. 173® (decomp.), after drying in a vacuum 
(Found : Br, 53‘6. OioHjQON^BrgSjHBr requires Br, 53-8%), were 
suspended . in sulphurous acid and treated with sulphur dioxide and 
thereafter with ammonia (d 0-880). The l-imiiio-2~€tcetyl-d'-7ifie&yl- 
1 : 2-dihydrobenztMazole obtained crystallised from absolute methyl 
alcohol in pale yellow prisms, m. p. 170® (Found : IS, 13-4 ; S, 15-5, 
CioHioONgS requires N, 13-6; S, 16-5%). It was refluxed with 
26% hydrochloric acid for 24 hours, and the cooled solution neutral- 
ised with ammonia. The l-amino-3-methyIbenzthiazole produced 
crystallised from alcohol in small white plates which, alone or mixed 
with a genuine specimen, melted at 136® (Found ; S, 19-7. Calc. : 
S, 19-5%). 

Synthesis from l-Acefamido-Z-mMhylbenzthiazole . — suspension 
of stable acetyl-o-tolylthiocarbamide (m. p. 187®) (2 g.) in chloro- 
form (15 c.c.) was slowly treated with bromine (2 c.c. in 3 c.c. of 
chloroform), and the resulting solution refluxed for 10 minutes. 
On cooling, a tetrabrcmide separated in orange needles, which were 
dried in a vacuum; m. p, 140® (decomp.) (Found: Br, 61*1. 
CjoHioON 2 Br 4 S requires Br, 60-8%). l-Acetamido-Z-methylbenz- 
thiazole, obtained from this by reduction with sulphurous acid, 
separated from ethyl acetate in lustrous needles, m. p. 258® (Found : 
N, 13-8; S, 15-7. CioHioON^S requires N, 13-6; S, 15-5%); it 
was identical with the acetyl derivative obtained by boiling a 
solution of l-amino-3-methylbenzthiazole in acetic anhydride for a 
few minutes. On hydrolysis with 26% hydrochloric acid, 1-amino- 
3-methylbenzthiazole was obtained and identified in the usual way. 

Brommation of l-acetamido-3-methylbenzthiazole (0-5 g, in 
26 c.c. of chloroform ; 0-6 c.c, of bromine) yielded an unstable hexa- 
bromide, which crystallised in glistening orange plates, m. p. 255 — 
258® (decomp. ; loss of bromine at about 130®) (Found : Br, 69-8. 
CioHioOifgBrgS requires Br, 70-0%). 

Sj^hesis from Dibromide Hydro- 

bromide, — K suspension of 2 g. of o-tolylthiocarbamide in 16 c.c. 
of chloroform was treated with bromine (2 c.c. in 3 c.c. of chloro- 
form) ; the thiocarbamide dissolved and a yellow precipitate separ- 
ated and redissolved with evolution of heat and hydrogen bromide, 
the solution boiling spontaneously. After a few minutes’ reflux- 
ing, the dUbramide hydrobromide crystallised in large, lustrous, 
orange-yellow plates, m. p. 129® (decomp, with efferv.) [Found : 
Br, 69-9 rSr (labile),. 35-0. C^gNgBraSjaBr requires Br, 69-3; 
Br (labile), 39-5%]. The low titration value is due to a certain 
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amount of the bromo-addition compound passing into 5-bromo- 
l-amino-S-methylbenzthiazole hydrobromide, a change which has 
been observed by Prof. R. W. West and his collaborators (private 
communication) in the case of perbromides of aromatic bases having 
a free para position (compare also Pries, Anruxlm, 1906, 346, 128). 
The bromide dissolved in 80% alcohol, from which ^-hromo'-l-amino- 
Z-methylbenzihiazole hydrobfomide crystallised in small white needles, 
m, p, 280 — ^290® (with charring ) (Pound : Br, 49-1. C 8 H 7 N 2 BrS,HBr 
requires Br, 49*4%). Treatment of the bromide with sulphurous 
acid and subsequent basification, however, gave a quantitative 
yield of l-amino-S-methylbenzthiazole, m. p. 136°. 

When prepared as above, in large crystals, the dibromide hydro- 
bromide can be preserved in a sealed vessel for more than a year. 
Small crystals (having the same crystalline structure and m. p. as 
before), obtained by alteration in the conditions of concentration 
and separation, are sensitive to moisture ; one specimen, on exposure 
to the laboratory atmosphere for 30 hours, was completely con- 
verted into l-amino-Z-metAylbenzthiazole hydrobromide (m. p. 220°), 
identical with the hydrobromide prepared by concentrating a 
solution of l-amino-3-methylbenzthiazole in 20% hydrobromic 
acid ; this crystallised in small needles, m. p. 220 — ^222° (Found : 
Br, 32-0. C 8 H 8 N 2 S,HBr requires Br, 32*6%). 

l-Amino^Z-methyU)enzihiazok Teirabromide, — ^When a solution of 
0*6 g. of l-ammo-3-methylbenzthiazoIe in 10 c.c. of chloroform was 
gradually treated with a solutimi of bromine (0-4 c,e. in 5 c.c. of 
chloroform) a ietrabromide waa obtained in yellowish-brown prisms, 
m, p. 302° (loss of colour at 130 — 140°) (Pound : Br, 65*9. 
requires Br, 66-1%). 

MethyMion of l-Amim-Z-methyJbeTizthiazole and the Isolation of 
l-Methylami7U)-Z~methyJbeiizthic^U and of lJmino-2 : Z-dimethyl~ 

1 :2-dihydrobemSiiazole, — mixture of l-amino-3-methylbenz- 
thiazole (3*5 g.) and methyl iodide (2*5 c.c.) was heated at 100° for 
24 hours ; the product was basified with ammonia and extracted 
with ether. The clear oil obtained after removal of the ether 
solidified on keeping (sometimes with considerable difficulty) and 
was fractionally crystallised from methyl alcohol. The first crop 
of crystals (about 0*02 g.) had m, p. 126°, which rose to 128° on 
recrystallisation and was unaltered by admixture with a genuine 
specimen of l-methylamino-3-methylbenzthiazole prepared from 
5-o-tolylmethylthioearbamide. (A mixture of l-methylammo-S4.;; 
methylbenzthiazole and l-amino-3-methylbenzthiazole melted' 

103 — 105° after softening at about 100°.) The more soluble 
were dissolved in dilute methyl alcohol and the solution 
centrated at 16°/20 mm. ; slightly impure l-imino-2 : ' 
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1 : 2-diliydrobenzthiazole then separated. This product had m. p. 
83 — 84°, and m. p. 84 — 85° when mixed with a genuine specimen 
of l-imino-2 : 3-dimethyl-l : 2-dihydrobenzthiazole prepared from 
a5-o-tolylmethylthiocarbaimde ; on recrystallisation the m. p. 
rose to 85 — ^86°. The crude iminomethyl base was acetylated with 
acetic anhydride, and the product fractionally ciystaflised from 
alcohol ; the bulk of the acetyl derivative consisted of the 1-acet- 
imido-compound, which had m. p. 143°, and m. p, 145° when mixed 
with a genuine specimen of l-acetimido-2 : 3-dimethybl : 2-di- 
hydrobenzthiazole. The mother-liquor from the aoetyIati<m, 
however, yielded a high-melting fraction, which, after recrystal- 
lisation, had m. p. 268° alone and when mixed with 1-acetamido- 
3-methylbenzthiazole. 

Synthesis of l-Methylamim~Z-methylbenztJii^ ayid of l-Imino- 

2 ; i-dimeUiyl-1 : 2~dihydrobenziMazoU from the Corresponding Tolyh 
methylthiocarbamides* — o-Toiylthiocarbimide was conveniently pre- 
pared in 80 — ^90% yield {b. p. 238 — ^240°/760 mm.) by refluxing 
quantities of 50 g. of 5-di-o-tolylthioearbamide with acetic anhydride 
<60 c.c.) for 10 minutes, being isolated, by distillation in steam. 
o-Tolylthiocarbamide separated from 50% alcohol in glistening 
white needles, m, p. 160° (Dyson and George, 1924, 125, 1703, 
recorded m. p. 156°). 

s-^o-TolylTnethylthiocarbamide, prepared by treating 5 g. of o-tolyl- 
thiocarbimide in 20 c.c. of absolute alcohol with a 30% excess of 
33% methylamine in the same solvent, crystallised in glistening 
prisms, m, p. 161° (Found : S, 17*8. CjEjaNgS requires S, 17“8%). 

Brominoition, A suspension of 2 g. of s-o-tolylmetbyltbiocarb* 
amide in 10 c.c. of chloroform was treated with bromine (2 c.c. in 

3 c.c. of chloroform) and the liquid was refluxed vigorously for 
10 minutes and then concentrated in a vacuum at laboratory tem- 
perature; a Mrabromide crystallised in glistening red needles, 
m. p. 75° (decomp.) (Found : Br, 64-4. C0Hi<,N2Br4S requires 
Br, 64-2%). This compound was extremely sensitive to moist air 
and became yellow with loss of bromine on being exposed to the 
laboratory atmosphere for a few minutes. 

When the brbmination was carried out as above, but instead of 
being vigorously boiled, the solution was gently warmed on the 
steam-bath, a tribromide was obtained on concentration in a vacuum, 
which was probably the dibromide of a bydrobromide analogous to 
the ccunpound obtained from o-tolylthioearbamide itself. It 
formed glistening yellow prisms, m. p. 113° (Found: Br, 67*6, 
CgHj^^lSrgBrgSjHBr requires Br, 57-3%); Attempts to determine 
its molecular weight in boiling chloroform <previousiy dried) were 
linmecessful owing to dissociation with the liberation of free 
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bromine; on prolonged boiling in chloroform, hydrogen bromide 
also tras liberated. 

Both the tetrabromide and the tribromide dissolved in snlphurons 
acid, and on basification with ammonia, l-m^ylamino-d-methyl- 
benzthiazok separated, which crystallised from alcohol in lustrous 
needles, m. p. 130® (Found : N, 15*9; S, 18-2-. CgHi^NgS requires 
N, 16*7 ; S, 18*0%). The acetyl derivative, prepared as -in the case 
of the isomeric iminodihydro-derivative, crystallised from alcohol- 
ethyl acetate in white needles, m. p. 133® (Found: S, 14*6. 
CjiHigONaS requires S, 14*6%). 

B&^O’-TolylmeOhylihiotmbamide . — Addition of methyl-o-toluidine in 
chloroform to thiocarbonyl chloride in water (compare Dyson and 
George, he. cit.) gave a thiocarbamyl chloride which yielded uncrystal- 
lisable oils on treatment with ammonia. The thiocarbamide was 
therefore prepared by way of the thiocyanate. A solution of 10 g. 
of methyl-o-toluidine hydrochloride and 7 g. of potassium thio- 
cyanate in 50 c.c. of water wa^ heated for 3 hours on a steam-bath 
and then extracted with chloroform. The gum obtained by evapor- 
ation of the chloroform crystallised from methyl alcohol in small, 
white needles (3*5 g.), m. p. 107 — 108° (Found : S, 17-6%). 

Bromination. The solution obtained from 1 g. of the thio- 
carbamide, 7 c.o. of chloroform, and 1 c.c. of bromine was refluxed 
for 3 minutes and then concentrated under: reduced pressure, at 
laboratory temperature. The orange bromo^addition compotind 
obtained was dissolved in sulphurous acid and the flitted solution 
was basified and extracted with chloroform. The, gum obtained by 
evaporation of the chloroform was dissolved in 80 — 90% methyl 
alcohol, and the solution concentrated at 18®/20 mm,; l4mino- 
2 ; : 2-dihydTobevdMazoU crystallised in small white 

plates, m. p. 86® (Found : S, 18*1%). The metyl derivative separ- 
ated from alcohol in glistening plates, m. p, 147° (Found : S, 14*7%). 

&-BT(mo-\-ami7\x>-Z-methyhem^^ — A suspension of 0*9 g. of 

o-hromo-o-toiylthiocarbamide (m. p. 194°, Dyson and George, J., 
1924, 125, 1706, give 186°) in chloroform (10 c.c.) was treated with 
bromine (1^1 c.c. in 1 c.c. of chloroform), and the solution refluxed 
for 10 minute; a dibromidc Jiydrobromide crystallised in orsnge, 
glistening prisms, which turned white at 130—140® but were 
immelted at 250® (Foimd : Br, 66*3. CgH 7 N 2 Br 3 S,HBr requires 
Br, 66*1%). On treatment with sulphurous acid and ammonia, it 
yielded 5-bromo-l.ainino-3-methylbenzthiazole, which erystsJlfeeslj, 
from alcohol in needles, m. p. 212®, and was identical with .tho hwtt 
liberated from the hydrobromide obtained by the action of 
on l-amino-3-methylbenzthiazole dibromide hvdrobromider^^^MiP 
Br, 32-7. Calc. : Br, ^-9%). , ' 
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s-o-raZyZ-n^rop2/RAiocar6amide was prepared by warming a 
solution of o-tolylthiocarbimide in alcohol with 30% excess of 
w-propylamme. It separated from the solution after concentration 
and crystallised from alcohol in colourless prisms, m. p. 66° (Found : 
S, 15^5. requires S, 15-4%). 

l-n-Propylamino-Z-meihylbe^ Tetrabromide. — solution 

of 2 g. of s-o-toIyl-9i-propylthioeajrbamide in 10 c.c. of chloroform 
was treated with bromine (2 o.c. in 3 c.c. of chloroform), and the 
liquid vigorously refluxed for 10 minutes. On concentration in a 
vacuum the teirabromide crystallised in brilliant red needles, m. p. 
71° (efferv. at 130°) (Found: Br, 60-6. requires 

Br, 60*8%). On treatment with sulphurous acid followed by 
ammonia the base was obtained ; it crystallised from methyl alcohol 
in colourless needles, m. p. 62° (Found : S, 15-7. 
requires S, 16'6%). The hydrobromide crystallised from ethyl 
acetate in prisms, m. p. 179° (decomp, after previous sintering) 
(Found : N, 10*0. requires N, 9-8%). 

The acetyl derivative formed colourless prisms, m. p. 61° (Found : 
S, 13^0. CjgHj^ONgS requires S, 12*9%). 

When a solution of the tetrabromide in alcohol was diluted with 
a small quantity of water and concentrated, the hydrobromide of 
the bromo-substitution derivative separated ; this crystallised from 
alcohol in tufts of flne white needle, m. p. 259° (Found : Br, 45-0. 
Ci^HisNaBrSjHBr requires Br, 43*7%). 

s-5~Bromo^->tolyl-Ti-propylthiocarbamide, prepared from 5-bromo- 

0- tolylthiocarbimide and w-propylamine, crystallised from methyl 
alcohol in slender white needles, m. p. 79° (Found: S, 11*4. 
CiiHigNgBi;^ requires S, 11*2%). 

6’Br(mo^l-n-propylami7io-^-m^ylbemthiazok , — A solution of 1 g. 
of the bromotolylthiocarbamide in chloroform (10 c.c.) was refluxed 
with 1*2 C.C. of teomine for 15 minutes, cooled, and concentrated in 
a vacuum; an ill-defined bromo-addition compound separated 
(m. p. about 140°), which was reduced with sulphurous acid in the 
usual way. On recrystallisation from methyl alcohol, 6-bromo- 

1- u-propylamim~S-imthylbenz^ was obtained, m. p. 82°, which 

was identical with the base (m, p. 82°) liberated from the last- 
mentioned hydrobromide (Found : Br, 28*3. requires 

Br, 28*1%). 

s-o-Tdyl-n-hjepiylidiicmrbam was prepared from o-tolylthio- 
carbimide and %-heptylamme and obtained as a viscous oil which 
gradually solidified in a vacuum. It crystallised from alcohol in 
large, colomiess prisms, m. p. 98° (Found : S, 12*3. C15H24N2S 
r^uires S, 12*1%); 

Bfomination. "^en 2 g. of the heptylthiocarbamide were 
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brominated as in the case of the propyl compound, an unstable 
hexabromide was obtained in orange-red needles, m. p. 63° (sintering 
at 45°) (Found: Br, 64-4. CigHgaNgBrgS requires Br, 64*7%). 

l-n-Eeptylainino-B-methylbenzthiazole crystallised with diflSculty 
from dilute methyl alcohol in white prisms, m. p. 57° (Found : 
S, 12*4. C15H22N2S requires S, 12*2%). The (zcetyl derivative 
formed stellate aggregates of needles, m. p. 73° (Found : S, 10*6. 
C17H24ON2S requires S, 10*5 %}. 

The hexabromide dissolved in aqueous alcohol, giving the hydro- 
bromide of the bromo-substitution derivative, which crystallised 
from alcohol in small, white plates, m. p. 220° (Found : Br, 37*6. 
OigH2iN2BrS,HBr requires Br, 37*9%). 

S’5-Bromo-o-tolyl-n-heptylthiocarbamide separated from dilute 
methyl alcohol in small white needles, m. p. 71° (Found : S, 10*1. 
CigHgsNgBrS requires S, 9*3%). 

5 - Bromo - 1 - n - heptylamino - 3 - meihylbenzthiazok, — The bromo- 
addition compound obtained from the bromotolylthiocarbamide 
was reduced and the 5-bromo-base produced was crystallised from 
dilute methyl alcohol ; it had m. p. 75° alone and when mixed with 
the base (m. p. 75°) liberated from the preceding hydrobromide 
(Found : N, 8*6 ; Br, 23*7. CigHg^NgBrS requires N, 8*2 ; Br, 
23*5%). 
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Memorial Fellowship Trust for . the award of a Fellowship to one 
of them (R. F. H.), and to the Trustees, of the Dixon Fund of the 
University of London for a grant which has helped to defray the 
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CCCXCVII . — The Interaction of Acids and Neutrcd 
Salts with Stannic Oxide and its Belation to 
Electrical Charge. 


By Bhupendra Nath Ghosh, 

In a previous paper (J., 1926, 2606) the inadequacy of the chemical 
theory to account for the development of an acid reaction wh^, 
hydrated oxides of manganese are treated, with solutions of : 
salts has been pointed out. It has also been shown how i 
jee’s theory of exchange adsorption {PJdl- Mag,^ 1922^ 

J. Indian Chem, Soc., 1926, 2; 191) satisfactorily explains! 

5g2 
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According to this theory, the liberation of hydrogen ions is to be 
attributed to their displacement from the double layer by the 
kations in solution. Like the oxides of manganese, hydrated 
stannic oxide is also known to liberate acids when brought in 
contact with solutions of neutral salts. As early as 1812, from 
his investigations on the properties of stannic oxide prepared by 
various methods, Berzelius concluded that the substance is acidic 
in nature and exists in two forms — ^the a- and p-stannic acids. 
There is, however, considerable controversy over the actual exist- 
ence of these diSerent forms. The so-caUed a-acid may be pre- 
pared by the hydrolysis of stannic chloride or sulphate solution, 
or by the action of alkalis on them in the cold; the p-acid may 
be obtained by the action of concentrated nitric acid on metallic 
tin. The existence of definite hydrates of the two acids has also 
been reported by different investigators (compare Weiser, J, Physical 
Chem,, 1922, 26, 664). Van Bemmelen (** Die Absorption,’" 1910, 
69, 66) studied the dehydration of stannic oxide prepared by differ- 
ent methods, but his results do not confirm the existence of any 
definite hydrate of either acid. Mecklenburg {Z. anorg, Ghem., 
1912, 74, 207) measured the adsorption of phosphoric acid by 
stannic oxide prepared at different temperatures, and showed 
that by suitable variation of temperature it is possible to obtain 
samples having all grades of properties intermediate between the 
a- and the p-acid. Hence he concluded that both acids are colloidal 
in nature and that the difference in their properties is mainly due 
to the difference in the size of their particles, the a-acid being the 
more finely divided. Recently the question of the formation of 
stable hydrates of stannic oxides has again been raised by Will- 
statter and his collaborators (Ber., 1924, 57, 63). Their views 
have, however, been adversely criticised by Posnjak (/. Physical 
Chem.y 1926, 30, 1073), who investigated the Z-ray spectra of both 
the a- and the p-oxide. His results seem strongly to support the 
views of Mecklenburg, for the lines from the a-acid are wider than 
those from the P-acid, showing that the former possesses particles 
of finer size than the latter. In view of these controversies, the 
interaction of the a- and p-stannic oxides with electrolytes was 
inv^tigated. 

Exfehimental. 

P^^tatmic acid, prepared by the action of concentrated nitric 
acid cm pure metallic tin, was washed by decantation with boiling 
water, and then with boiling conductivity water. The final wash- 
ing was done under suction on a Buchner funnel until the ps of 
the wash liquid rose to 6-0. When 6 g. of this sample were shaken 
with 100 c.c. of water its pa changed from 6-4 to 6*6. 
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The a-acid was obtained by adding dilute ammonia to a solution 
of stannic chloride at 5®. The precipitate was washed several 
times with cold water, then with dilute nitric acid to remove the 
last traces of ammonia, and finally with conductivity w^ater until 
the ps of water in contact with it was 6*0. 

Estimation of the Total Amount of Hydrogen Ions repla>ceaUe by 
the Eation of a Neutral Salt , — ^The a- and the ^-oxide are known 
to form alkali salts of the form RgOjSnOg and RgOjSSnOg, respect- 
ively (compare J. N. Triend, Text Book of Inorganic CSiemistry,’’ 
Vol. V, p, 533). Since the samples that w’'e are dealing with liberate 
hydrogen ions in contact with neutral salts, the question naturally 
arises as to what will be the final composition of the substances 
w^hen all the hydrogen ions are removed by w^ashing with the 
solution of a salt such as barium chloride. A definite weight of 
hydrated stannic oxide was therefore shaken with a known, volume 
of saturated barium chloride solution (p^ 6-6) in a Pyrex-glass 
bottle for 15 minutes. After 24 hours as much as possible of the 
clear upper liquid was withdrawn and its pu determined by either 
the E.M.F, or the indicatbr method. A measured volume of fresh 
barium chloride solution w^as added and the whole process repeated 
many times. With the progress of washing the ps. of the solution 
rose continuously as shown by the following data for 3 g. of the 
p-oxide (water content, 66%) : 


Vol, of solution 
added, o.o. 
200 ’. 

200 

200 


, VoL of solution 
withdrawn, c.c. 
160 
160 
200 


Tinal ph of 
solution. 
3-1 
32 

3 3 . 


Tow'ards the end, however, the hydrogen-ion concentration changed 
very slowly, and a small quantity of 0'2i^'-barium hydroxide wes 
therefore added to bring the p^ of the solution to 6-6. In this 
way it is found that for every 6*6 g.-mols. of the p-oxide there is 
1 g.-atom of replaceable hydrogen. 

The total amount of replaceable hydrogen ions was also e^stim- 
ated by a different method. To a large volume of saturated barium 
chloride solution in contact with stannic oxide barium hydroxide 
solution was added in small quantities at a time, each addition 
being followed by a vigorous shaking. Here also, with both the 
a- and the p-oxide, the p^ of the solution was found to increase 
regularly with increasing amounts of alkali added. The addition 
of alkali was continued until the p^ of the barium chloride solution 
had risen to about 8*7. By this method it isjound that et 
6*3 g.-mols. of the p-oxide contain 1 g.-*ion of replaceable hj 
which agrees fairly closely with the value obtained by 
method. ^ ' j 
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In the case of the a-oxide, it is found that for every 4-9 g.-mols. 
of Sn02 there is 1 g.-ion of replaceable hydrogen. This shows that 
for every molecule of SnOg the a-oxide contains more replaceable 
hydrogen ions than the p-oxide. In both eases, however, the 
stoicheiometrio ratio SnOg : H is fractional. ^Further, the increase 
in Ph observed with repeated washing by barium chloride solution 
or with successive additions of small quantities of alkali cannot be 
satisfactorily explained from the chemical point of view of insoluble 
salt formation. This has been discussed in detail in the previous 
paper (Zoc. cit). 

Electrical Adeorhahility of the Rations and their Capacity to liberate 
Hydrogen Ions. — 20 G. of the p-oxide were shaken with 200 c.c. of 
the electrolyte solution as before. After 24 hours the clear super- 
natant solution was withdrawn, and its pn measured by the E.M.F. 
method. In this way the concentration of hydrogen ions liberated 
by different salts at the same gram-molecular concentration was 
determined. The electrical charge of the substance was measured 
by the electro-endosmotic method. The arrangement used is an 
improvement of that previously described by the author (loc. cit). 
The electro-endosmotic flow of a liquid through a porous diaphragm 
depends, among other factors, directly on the potential across the 
latter. In the present arrangement a definite potential as indicated 
by a voltmeter was applied between the electrodes, and could be 
maintained constant within ± 1 volt by means of an adjustable 
resistance. The potential across the diaphragm was determined 
in the following way. The total resistance, consisting of that of 
the diaphragm and the electrolyte, was measured by the con- 
ductivity method. The electrodes were then lowered so as just to 
touch the ends of the diaphragm and the resistance was measured 
again. If T and D be the total and the diaphragm resistances, 
respectively, then the potential across the diaphragm is given by 
the expression DVjT, where F is the potential indicated by the 
voltmeter when the electrodes were in their original position (i.e,, 
when the resistance between them was T). In order that the 
potential across the diaphragm should remain constant during the 
electro-endosmotic experiment it is necessary that DjT should 
remain constant ; the maximum variation in this ratio before and 
after the experiment was always within 3%, and the mean was 
used in calculating the potential. The value of DjT was, however, 
found to increase with increasing concentration of the electrolytes, 
even when the other factors, such as the length of the diaphragm 
or the distance between the electrodes, were constant; for the 
same concentration of different electrolytes, however, it was almost 
the same, as seen from the following results : 
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Concentratiou 
of electrolyte. 

KCl. 

Values of DjT for 

LiCl. 

Nad. 

0-0002J7 

0-53 

0-54 

0-53 

0-001 

. 0-55 

0*55 

0*54 

0-002 

0*56 

0-57 

0-56 

0*004 

0-57 

0*57 

0-56 


This increase in the ratio of DjT is probably to be attributed to 
the relatively high value of the surface conduction in the capillaries, 
especially when the concentration of the electrolyte inside them 
is very low (compare Smoluchowski, PhysikaL Z,, 1905, 6, 529; 
Ereundlich, Kapillarchemie,” 2nd edtn., p, 249). 

Owing to this surface conduction the resistance of the diaphragm 
does not diminish proportionately as the electrolyte concentration 
increases. The total resistance T, on the other hand, is determined 
mainly by that of the electrolyte, and hence it diminishes almost in 
proportion to the increase in the electrolyte concentration. The 
consequence is that the ratio DfT increases with the increasing 
concentration of the electrolyte. The variation of DjT brings 
about a corresponding change in the value of the potential across 
the diaphragm. It is therefore evident that a strict comparison 
of the results at different concentrations of the electrolytes is only 
possible when the necessary correction due to this variation has 
been introduced. In Table I the distance moved by the air bubble 
corresponds to a potential of 100 volts across the diaphragm. The 
plus and the minus signs indicate the charge of the diaphragm. 


Table I. 

p-Stannic oxide (water content, 55%). 


Concentration 
of electrolyte 
(g.-mols.). 



Pb values for 



MgcC” 

BaCl^. 

SrCla. 

Lid. 

NaCl. 

KCl.^ 

2-00 



— 

" — 

3-70 

4*00 

4-16 

1-00 

3*28 

3-34 

3-37 

3*84 

4*09 

4*20 

0*75 

0*50 

3-36 

3-45 

3*40 

3*47 

3*44 

3*50 

3*98 

4-16 


0*25 

3*56 

3*59 

3-61 

— 

— 

— 

0*20 

— . 

— 

— 

4*13 

— 

— 

0*10 

3*65 

3*68 

3-70 

— 

— 

— 

0*05 

3*68 

— 

— 

— 


— 

0*04 

— 

— 

— 

4*22 

4*26 

4-30 

0*002 

3*78 

3-81 

3*82 

- — 

— 

— 

Concentration 

Distance moved by the air bubble (cm. in 2 : 

mins.). 

ui ciw«;ruj.yw3 

(g.-mols.). 

MgCIa. 

BaClj. 

SrClj. 

LiCl, 

NaCl. 

KCL 

0-0 

-0*43 

-0*43 

_-0*43 

-0*43 

-0*44 

-0-44 

0*0003 

+0*70 

+0*35 

+0*30 

-1*03 

-1*20 

— 1*3® 

0-001 

-fl-20 

+ 1-0 

+0*90 

-0*82 

-0-93 


0*002 

+ 1-30 

+ M 

+ 1-0 

-0*48 

-0-54 

' < lidlHi 

0-004 

+ 1*37 

+ 1-35 

+ M 

-0*32 

-0-30 


' 0*008 

+ 1-40 

+ 1-35 


-0*16 

-0*22 
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It will be seen from the above data that the capacity of the 
kations to liberate hydrogen ions is in the order Mg”>Ba”>Sr*'> 
Li'>Na’>K*. The electro-endosmotic experiments show that 
hydrated stannic oxide is charged negatively in contact with water, 
and that the capacity of the kations to diminish the negative charge 
of the surface, as indicated by the movement of the air bubble, is 
in the same order. In the case of the alkali-metal chlorides at low 
concentrations the negative charge of the surface is greater than 
with pure water. The bivalent kations reverse the negative charge 
of the surface at as low a concentration as O'OOOSiM". The con- 
centration of the liberated hydrogen ions, however, increases 
continuously up to a concentration of IM of the bivalent kations. 
This shows that hydrogen ions continue to be liberated even after 
the surface has become positively charged. 

The Achorptim Theory mid the Liberation of Hydrogen Io7is by 
Kations . — As stannic oxide is negatively charged, it follows from 
Mukherjee’s theory [he. cit.) that the hydrogen ions are held in 
the neighbourhood of the surface by electrostatic attraction. Hence, 
the greater the capacity of a kation to diminish the negative charge 
the greater should be its effect on the liberation of hydrogen ions, 
and that is what has been observed. The observed reversal of 
electrical charge of stannic oxide by bivalent kations, and the 
change in ps on repeated washing with barium chloride solution 
can be explained in exactly the same way as before (Ghosh, loc. 
ciL, p. 2611). The rise in pn with successive additions of alkali 
also admits of a simple explanation. The addition of alkali in 
small amounts simply removes the liberated hydrogen ions, and 
therefore produces the same effect as that of withdrawing the 
original acidic barium chloride solution and replacing it by a fresh 
one of Ph 6-6. That the a-oxide contains more replaceable hydrogen 
ions, mol. for moL, than the p-oxide, only shows that the former 
consists of finer particles and hence possesses greater active surface 
than the latter. 

The Adsorptimi of Anions. 

Reference to the electro-endosmotic data shows that at low 
concentrations of the chlorides of the univalent kations the negative 
charge of hydrated stannic oxide increases. This may be due 
either (1) to the primary adsorption of the anion, or (2) to a redis- 
tribution of the kations in the “ double layer ” leading to an increase 
in the number of ‘‘ uncovered ” primarily adsorbed anions (which 
in this case may be the SnOaH' ion) (compare Mukherjee and 
Iyer, J. Indian Chem. Hoc., 1926, 3, 321). Among the kations, 
potassium has been found to be least effective in diminishing the 
negative charge of the surface. A measurement of adsorption of 
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potassium salts may therefore give some idea of the adsorption of 
anions, since any adsorption of the salt can in this case be attributed 
to this cause. For this purpose 10 g. of the substance were shaken 
in a I^ex-glass bottle with 100 c.c. of a solution of potassium 
salt, and after 24 hours the solution was analysed. The results 
given below (for p-oxide of 64*4% water content) show that there 
is hardly any primary adsorption of anions : 

Weights of salt per 10 c.c. 

Initially after correcting 

for hydration. After adsorption. Amount adsorbed. 

KNOa. 

0*9767 g. 0*9748 g. -f 0*0009 g. 

0*2442 „ 0*2460 „ -0*0008 „ 

0*0490 „ 0-048S „ +0*0002 

K2SO4. 

0*1820 g. 0*1809 g. +0*0011 g. 

0*0462 ,, 0*0458 „ +0*0004 


Adsorption of Acids and its Relation to Electrical Charge. 


A weighed quantity of hydrated stannic oxide was shaken as 
before (p. 3029) with a measured volume of an acid solution of 
known strength, and after 24 hours the acid concentration in the 
supernatant liquid was determined, the E,M.F. method being 
used for low concentrations, and aikali titration for others. As 
the hydrated oxide contained a large amount of water, a correction 
had to be introduced for its diluting oSect. The amount of adsorp- 
tion was calculated by multiplying the difference between the 
corrected initial concentration of the acid and its concentration 
after adsorption by the total volume of the solution. Tin was not 
present in the acid solutions within the range of concentrations 
investigated; the observed adsorption was therefore not due to 
the formation of any soluble tin salt. The electrical charge was 
measured by the electro-endosmotic method as previously described. 
The sample used in Table II is different from that used in the other 
table. In the following tables a denotes the number of g.-ions of 
hydrogen adsorbed, and d the distance (in mm.) moved by the 
air bubble in 2 minutes. In each case 200 c.c. of acid solution 
were used, together with 20 g. of p-oxide of 54*5% water content. 

The electro-endosmotic results show that all the acids, except 


phosphoric, reverse the initial negative charge of the surface . 
This indicates that hydrogen ions are primarily adsorbed, by 
surface* In the case of sulphuric acid, it will be noticed thftt' 
increasing concentration the positive charge at first ., 
reaches a maximum, and then diminish^ again, wher^i 
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Table 11. 


Initial Initial 


cone. 

J'inal 

aXlO* 

aXlO* 

cone. 

Final 

aXlO* 

aXlO* 

(corr.). 

cone. 

(obs.). 

(calc.). 

(corr.). 

cone. 

(obs.). 

(calc.). 

Sulphuric acid (K^ = 1-66, 

= 188*). 

Nitric acid = 0-121, 

= 28). 

0*124 

0*0835 

85 

83 

0-189 

0-172 

(35-8) 

35-8 

0*0935 

0*0660 

(80*8) 

80-8 

0-143 

0-126 

34-6 

33-6 

0*0720 

0*0370 

73*5 

77 

0-096 

0-082 

29-4 

30*0 

0*0476 

0*0170 

64 

67 

0-063 

0-052 

25-8 

25-7 

0*0318 

0*0082 

49*6 

53 

0-019 

0-0134 

(11-8) 

11-S 

0*0186 

0*0031 

(32-6) 

32-6 

0-0091 

0*006 

6-4 

6*2 

0-0119 

0-0015 

21-8 

19-8 

0-0052 

0*0036 

3-4 

3-9 

0*0056 

0*0028 

0-0007 

0-00037 

10-4 

5-2 

10-3. 

5-7 

0-00114 

0-00075 

0-8 

0-89 


are 

enclosed in parentheses in each case were used in calculating the corresponding 
values of the constants. 


acid it continues to increase -withiii the range investigated. The 
ratio of the total change in electrical charge (as indicated by the 
movement of the air bubble) to the amount of hydrogen ions 
adsorbed, however, diminishes continuously from the start, showing 
that with increasing concentration of the acids the electrical adsorp- 
tion of the anions is preponderating more and more over the primary 
adsorption of the hydrogen ions. In the above table the calculated 
values of a were obtained from the expression K^GKl + K^C) 
(compare Langmuir), where Eq and are constants. It can be 
easily shown that EqIE^ is a measure of the active surface. 

The agreement between the observed and calculated values is 
fair. A comparison of the adsorption of the acids with their effect 
on the electrical charge shows that the adsorption is greater the 
less the positive charge of the surface. The order of adsorption 
of the acids is H3P04>H2S04>Ha>H]Sr03,CCVC02H,CoH5-S03H. 
The magnitude of adsorption of the monobasic acids is very nearly 
the same, that of hydrochloric acid, however, being slightly the 
greatest. The capacity of the different acids to increase the positive 
charge of the surface is in the order HNO3, etc.>HC!l>H2S04> 
H3PO4. The above results therefore lead to the conclusion that 
there, exists a sort of inverse proportionality between the adsorption 

acids and their effect on the positive charge of the surface. This 
is to be expected also on theoretical grounds : the other factors 
remaining constant, the chance of a hydrogen ion reaching the 
surface is the less the greater the positive charge of the surface, 
owing to increasing electrostatic repulsion. 

(1) When an acid with "a multivalent anion is used, the anion 
because of its h^h electrical adsorbability diminishes the positive 
dmrge of the surface, and hence favours the further primary adsorp- 
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Table III. 


[100 C.c. of solution and 10 g. of hydrated p-stannio acid (water 
content, 54-5%) were used throughout the experiments here re- 
corded.] 


Initial 

cone. 

Final 

aXlO* 

aXlO^ 

Initial 

cone. 

Final 

aXlO* 

aXlO^ 

(corr.). 

cone. 

(obs.). 

(calc.). 

(corr.). 

cone. 

(obs.). 

(calc.). 

Phosphoric acid = 


Hydrochloric acid (iTj, — 

0-161, 

0-177 

is:, = 
0-074 

570). 

108 

105 

0-0492 

0*0316 

55). 

. (18-5) 

18-5 

0-131 

0-038 

(97-6) 

98 

0-0354 

0-0206 

15-5 

15-3 

0-097 

0-016 

85 

87 

0-0192 

0-0102 

9-5 

10*6 

0-0646 

0-005 

(62-6) 

62 

0-0118 

0-0054 

(6-7) 

6-7 

0-0165 

0-0006 

16-6 

13*4 

0*00495 

0-0031 

4-1 

4-3 

Trichloroacetic acid (K^ = 

0-073, 

Benzenesulphonic 

acid (Kq 

= 0-064, 

0-093 

0-074 

22 - 8 ). 

( 20 - 0 ) 

20-0 

0-096 

0*079 

23-4). 

(17-8) 

17-8 

0-0705 

0-054 

. 17-3 

17-7 

0-076 

0-061 

15-8 

16-2 

0-0475 

0-034 

14-2 

13-9 

0-0481 

0-0366 

12-1 

12-5 

0-024 

0-0161 

8-2 

8-5 

0-0244 

0-0170 

7-S 

7-8 

0-0121 

0-0076 

(4-7) 

4-7 

0-0124 

0-0082 

(4-4) 

4-4 

0-0011 

0-0038 

2-3 

2-5 

0-0062 

0*0043 

2-0 

2-5 

0-091 

Nitric 

0-072 

! acid. 

20-0 


0-071 

Sulphuric acid. 
0-0328 40-0 


0-0467 

0-033 

14-3 

— 

0-0475 

0-0146 

34-6 

— 


Electro-endosmoiic measurements. 

Potential across the diaphragm = 70 volts. 
Amount of substance = 16 g. 


Initial eonc. 


(corr.). 

Final cone. 

a X 10*. 

d. 

Ad. 

Adfa X 10®. 


Sulphuric acid. 

Volume of solution = 

= 200 c.c. 


0-0311 

0-0082 

49 

+ 2-2 

6-2 

1-3 

0-0184 

0-0031 

32 

+ 2-8 

6-8 

2-1 

0-0119 

0-0016 

20 

+ 3-8 

7*8 

3*9 

0-0057 

0-0007 

10 

+ 2-7 

6*7 

6-7 

0-0028 

0-00037 

5 

+ 1-4 

5-4 

10-8 

0 

0 

0 

- 4-0 

— 

— 


Nitric acid. 

Volume of 

solution = 

200 c.c. 


0-019 

0-0134 

12 

+ 13-0 

17-0 

14 

0-009 

0-006 

6-4 

+ 11-0 

15-0 

23 

0*0052 

0-00036 

3-4 

+ 9-7 

13-7 

40 

0-00114 

0-00075 

0*8 

+ 7-2 

11-2 

140 

0 

0 

0*0 

- 4-0 




Potential across the diaphragm = 

80 volts. 



Amount of substance 

=5 

16 g. 



Distance (mm.) moved by the air bubble in 2 mins. 


Initial 
cone, of 
acid. 






H3PO4. HgSO^. 

Ha. 

HNOg. 

CCla-COjsH. 


0-02 

- 2-0 + 2-8 





0-01 

0-008 

- 2-6 +3-4 
- 2-8 — 

+ 12-8 

+ 13-0 

+14*0 

9 

0*004 

- + 1-8 

+ 11*0 

+ 12-0 

+ 12*3 
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tion of hydrogen ions ; nioreorer, multivalent anions may bring 
about increase in adsorption of hydrogen ions in another way. 

(2) When a multivalent anion is electrically adsorbed (or bound) 
opposite to one of the primarily adsorbed hydrogen ions, all its 
valencies except one are free, and hence a number of hydrogen ions 
corresponding to the number of the free valencies of the anion will 
be drawn near the surface. This will produce the same effect as 
an increase in the number of primarily adsorbed hydrogen ions. 

(3) There is yet another factor which may influence the adsorption 
of hydrogen ions. If the surface be positively charged, there will 
be an equivalent number of anions surrounding it. Some of these 
will be free and their number will increase with increasing electrical 
charge. If these free ions exist in the form of a diffuse layer of 
thickness, say, S round the surface, then within this layer the 
average concentration of hydrogen ions will be much less than in 
the bulk of the solution. If the electrical charge is reduced to 
zero or brought to a very low value by increasing the anion con- 
centration, then the value of S becomes negligibly small and hence 
a volume of liquid SS (where S is the total solid-liquid interfacial 
area) which was formerly only partly accessible to the hydrogen 
ions now becomes completely so. This will also produce an apparent 
increase in the adsorption of hydrogen ions. 

JEffeci of Neutral Salts on the Adsorption of Hydrogen Ions. 

The effect of electrical charge on the adsorption of acids can also 
be tested in the following way. If the concentration of the hydrogen 
ions be maintained constant and that of the anion is increased by 
adding a neutral salt with an inactive kation, the positive charge 
of the surface will be diminished, and hence the adsorption of 
hydrogen ions will be greater in presence of a neutral salt than in 
its absence. It will be seen from the previous experiments that of 
all the kations the potassium ion is the least active; potassium 
salts were therefore used in the following experiments. The adsorp- 
tion of acid was measured as previously described. 

It will be observed that the adsorption of nitric acid is consider- 
ably greater in presence of potassium nitrate than in its absence. 
When the concentration of the salt is kept constant and that of 
the acid varied, the percentage rise in adsorption increases with 
the decreasing concentration of the acid. Again, keeping the 
concentration of nitric acid constant and increasing that of the 
salt, the adsorption of the acid is found to increase. Here we are 
not dealing with any multivalent anion, and hence increase in 
adsorption is to be attributed to the diminution of the positive 
^harge of the 'surface and also of the thickness of the diffuse layer 3. 
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Table IV. 

Amoant of substance taken, 10 (water content, 64-5%); volume of 
solution = 100 e.c. 

Final eonc. of Amount of acid absorbed 


Initial cones, (eorr.). 

' acid. 

(as c.c. of 0*2N), 


Mixtures of HNO3 + KNO3. 


HNO3. 

KNO3. 



0-091 

0 

0-072 

10-0 

0-093 

0-25 

0-069 

12-6 

0-0467 

0 

0-0334 

7-0 

0-0475 

0-26 

0-0296 

9-4 

0-024 

0 

0-0154 

4-5 

0-024 

0-26 

0-0092 

7-8 

0-0244 

0-1 

0-0110 

7-1 

0-0244 

0-06 

0-0124 

6-3 


Mixtures of HNO3 + K-SO.. 


HNO3. 

K0SO4. 



0-0910 

6 

0-0720 

10-0 

0-0940 

0-2 

0-0490 

23-7 

0-0467 

0 

0-0334 

7-0 

0-0467 

0-2 

0-0129 

17-7 


Mixtures of H2SO4 -f K0SO4. 


H2SO4. 

K3SO4. 



0-0495 

0 

0-0154 

18-0 

0-0481 

0-2 

0-0158 

17-0 

0-0491 

0-05 

0-0156 

17-6 


The adsorption of hydrogen ions is much gTeater in the nitric acid- 
potassium sulphate mixture than in nitric acid and- potassium 
nitrate. In this case, in addition to the two factors mentioned 
above, the effect of the multivalent anions makes itself felt. In the 
sulphuric acid-potassium sulphate mixture the adsorption of acid 
is not at all increased : on the contrary, a slight decrease in adsorp- 
tion is observed. This is not surprising, for in presence of O-OlSiV- 
sulphuric acid the charge of the surface is very small (nearly zero), 
and hence an increase in the number of SO4'' ions, is not likely to 
favour any further adsorption. The K* ions on the other hand 
can displace from the mobile layer some of the hydrogen ions 
associated with the electrically adsorbed SO4" ions, and thus 
slightly decrease the adsorption. 

The Variation of Active Surface with the Amount of Substance 
taken , — ^It has been emphasised that in the interaction of stannic 
oxide with electrolytes it is the solid-liquid interface that is directly 
taking part in the reaction. The question arises as to how the 
active surface increases with the amount of substance taken. It 
has already been mentioned that K^jK^ is a measure of the activ#. 
surface. Therefore, by taking different quantities of stannic oad lM 
and determining the values of and for each quanti^l^B 
possible to find how the active surface varies with the 
substance. The adsorption of acid was measured as bef ' 
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of a sulphuric acid solution were used, with 10 g. of the P-oxide 
(water content, 54 * 5 %) in the first ease and 5 g. in the second. 

Initial cone. 


(eorr.). 

Final cone. 

a X 10^. 

^0- 

^1- 


(1) 0*071 
0*0475 

0-0328 

0-0146 

4-0 \ 
3-46/ 

1-03 

228 

0-0045 

(2) 0-073 
0-049 

0-052 

0-0295 

2-14] 

1-99/ 

0-44 

186 

0-0024 


It will thus be seen that the active surface increases in the ratio 
1 : 1*9 as the amount of substance is doubled. 

Summary. 

1 . A study of the interaction of hydrated stannic oxides with 
electrolytes shows that the adsorption theory offers a much better 
explanation of the observed facts than the chemical theory of 
insoluble salt formation. 

2 . In accordance with Mecklenburg’s views, the a-oxide has 
been found to possess greater active surface per unit weight, and 
hence finer particles, than the p-oxide. 

3 . The capacity of the kations to liberate hydrogen ions is in 
the order Mg**>Ba’*>Sr**>Lf>lS'a’>K*, and, in satisfactory 
agreement with Mukherjee’s theory, the same order has been 
observed in their effect on the negative charge of the surface. 

4 . The electro-endosmotic results indicate that the hydrogen 
ions are primarily adsorbed, and the adsorption of an acid is greater 
the less the positive charge of the surface. The order of adsorption 
of the acids is H3P04>B^S04>HC1>HN03,C6H5-S03H,CCVC02H. 
The capacity of the acids to increase the positive charge of the 
surface is in the order HNTOg, etc,>HCE[>H2S04>H3P04. This 
leads to the conclusion that the greater the capacity of the anion 
to diminish the positive charge of the surface the greater is the 
adsorption of the hydrogen ions. The adsorptions of the kations 
and anions are thus not independent of each other. 

5 . In presence of salts with inactive kations, the adsorption of 
hydrogen ions is increased. In this respect, salts with multivalent 
anions are more effective than those with univalent anions. 

6 . The active surface has been found to vary nearly proportion- 
ately with the amount of substance. 

In conclusion, I take this opportunity of expressing my most 
sincere thanks to Professor P. G. Donnan, C.B.E., F.R.S., for his 
advice and encouragement. 

The Sib Wiijuah: Bamsay Labobatobiss or Inobganic anu 
Physicai* CtainsTBY, Univebsity College, 

Lohbon. [Itecewed, August 2nd, 1928.] 
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CCCXCVIII.— iTAe Effect of the Spatial Position of 
Substituent Groups on Acidic Strength. 

By Bernhaed Flurschbim. 


Some years ago (J., 1909, 95, 718; 1910, 97, 84), I attempted to 
show that the electrolytic equilibria of acids, bases, and salts depend 
on the same three internal (constitutional) factors p, g, and s which 
determine reactions in general. In so far as the steric factor (s) is 
concerned, I suggested that the rate of association of ions is retarded 
by spatial obstruction, whereas the reverse process of dissociation 
into ions remains unaffected, so that ceteris ^paribus steric hindrance 
must raise the dissociation constant. In support of this view, the 
relative steric effects on dissociation constants were shown to run 
parallel to the relative steric inhibitions of other reactions ; the order 
for different substituents and positions being : 

I > Br,CeHs > C1,0,N,C(CH3,C0) > H; 

0 - > p- > a- ; and y-, m-, side-chain in o- almost = 0. The 

evidence included a correlation of the dissociation constants of more 
than 100 acids and bases and of the dissocia tion constants and relative 
hydrolysis of certain organic salts by means of semi-quantitative 
evaluations of the steric and the other two effects. Later {Trans. 
Faraday 8oc., 1923, 19, 631 ; Phil. Mag., 1924, 47, 669) I suggested 
that the remarkable extent to which the approach even of a hydrogen 
ion can be inhibited sterically by substituents in the anion is intel- 
ligible in view of Lapworth’s proof that hydrogen ions are solvated. 

Independent evidence for the steric effect in electrolytic equilibria 
was found by me (Chem. and Ind., 1925, 44, 249) in the dissociation 
constants of certain ethylenic isomerides. Since the ratio of these 
constants for a-bromooBocinnamic acid/a-bromociimamic acid == 
maleic acid/fumaric acid = 15 (approx.), and fsocrotonic acid/ 
crotonic acid > 1, and since p and q must be identical for the cis- 
and the transform, of the same acid, the conclusion was drawn that 
the greater strength of each cis-form must be due to a pure steric 
effect in the above sense ; if it were a polar effect across space, the 
ratio Keis/Ktrans would be smaller for the a-bromocitmamic acids 
(effect of phenyl) than for maleic and fumaric acids (effect of carb- 
oxyl), and would be less than 1 forthe crotonicacids (effectof methyl). 


A recent paper by D. H. Hey (this vol., p. 2321) deals wholly 
with this question of the steric effects on acidic strength. Tr 
author has evidently overlooked the papers mentioned above 
although he puts forward views on this question identical^ 
those put forward by me, and his arguments are the sam^; 
used by me, no reference is made to my work. " 


3040 EFFECT OF SPATIAL POSITION OF SUBSTITUENT GEOUPS, BTC. 

Contrary to the general assumption that ionic reactions are 
instantaneous, the introduction of a steric delay in association 
implied, of course, that association of ions is a time reaction, from 
which it follows that dissociation must also be a time reaction 
(governed, I suggest, by the internal factors p and q) ; if dissociation 
alone were instantaneous, it would always be practically complete. 
The principle of ionic time reactions has recently also been advocated 
by Bronsted and Pedersen {Z. pJiysihah Chem.^ 1924, 108, 230) and 
Bronsted (Ber., 1928, 61, 2050, footnote), who suggest that it is 
therefore possible, but not very probable, that the same equili- 
brium (strength) might be determined by very diflEerent values of 
the absolute velocities of dissociation and association.” The 
introduction of a steric factor, however, for association alone trans- 
forms such a remote contingency into a virtual certainty. Thus 
o-chloro- and o-iodo-benzoic acid have approximately the same 
dissociation constant ; let and respectively, be the rates of 
dissociation and association in the chloro-acid, and m X and 
71 X ^2 fJiose in the iodo-acid, then we have (compare J., 1909, 95, 
731) m<l (since for I < Cl) and n< 1 (since 5 for I > Cl) ; 
whenever m n, the dissociation constants of the two acids are, 
of course, identical (= kilk^)^ and this is what approximately applies 
in the present case. 

Spiers and Thorpe (J., 1925, 127, 638) introduced an “ approach 
effect ” brought about by altered valency direction. Where 
primary dissociation constants are concerned, this approach effect 
is obviously a special case of the steric effect postulated by me, for 
which these authors’ observations supply further valuable evidence. 
In cases of secondary dissociation, however, the electrostatic effect 
of the first charge on the charges involved in the secondary dis- 
sociation (Ostwald, Z. physikaL Ckem,, 1892, 9, 568; Bjerriun, 
ibid-, .1925, 106, 219) may, and usually will, outweigh all other 
factors (e.gr., in the classical example, secondary dissociation constant 
of maleic acid < fumario acid). In view of what has been said above, 
Spiers and Thorpe’s remark on my views — “ no explanation is offered 
as to how this steric influence is produced ” — can hardly be upheld.* 

* Quite recently {Ber., 1928, 61 , 1524), the possibility of a steric inhibition 
of the association of ions has also been admitted by Hiickel ; and since the 
above was written, the steric effect on the tautomerism of kations (or ** anion- 
otropy ” or ‘‘mobile anion tautomerism,*’ to use recently coined expressions), 
e,g., in the triphenylmethane, benzopyriliam, and acridinium series 
(FlQischeim, J., 1910, 97 , 90—94), has found support in an investigation by 
Cook (this vol., p. 2798) on a similar kationic tautemerism in the anthracene 
series. 


Fxeet, Hamfshibe. 


[Eeceivedg October 1*928.] 
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CCCXCIX. — Pentanitroaniline. 

By Beenhaed Fluescheim and Eeio Leighton Holmes. 

Peeuminaey experiments had indicated (Flurscheim and Simon, 
P., 1910, 26, 81) that when 3 : 5-dinitroaniIme is nitrated in mixed 
acid, a nitroamine is iSrst formed, which is subsequently converted 
into a compound which may be pentanitroaniline.” At that time, 
this compound ” hadonly been obtained in a very impure condition 
and in very poor yield, so that its nature could not be definitely 
ascertained. The investigation of this reaction has now again been 
taken up. 

3 ; 5-Dinitroanilme and m-nitroaniline behave quite differently 
towards mixed acid. In both cases, nitroamides are primarily 
formed, but whereas with m-nitroaniline these remain in solution 
(provided that the acid is sufficiently concentrated), so that the 
first and only product which separates is pure 2:3:4; 6-tetra- 
nitroaniline, 3 : 5-dinitroaniline gives rise to sparingly soluble 
nitroamides. Their rearrangement to the corresponding nuclear 
nitro-derivatives is retarded by their low solubility, and before 
it can be completed, they decompose — unless special, precau- 
tions are . taken— with violent flashes. When, however, such 
decomposition is prevented, the colour gradually changes from 
orange-red to deep yellow, corresponding to a transition- of 
the nitroamides into nearly pure pentanitroaniline. The latter 
can be obtained quite pure by recrystaJlisation from benzene; 
one moleciile of benzene is retained at first, but can be easily 
removed. 

In most respects, the chemical and physical properties of penta- 
nitroaniline are similar to those of tetranitroaniline. For instance, 
both compounds are golden-yellow; both melt with decompositioii 
near 200® (the latter at 216 — ^217®, the former at 192® ; heating at 
the rate of 5® per minute). Both, when dropped into a red-hot 
crucible, a few centigrams at a time, flash without detonation and 
with the formation of mere traces of carbon. In both, the nitro- 
groups in the meta-positions (one in tetranitroaniline, two in 
pentanitroaniline) are readily replaced, and the amino-group less 
readily, by the same reagents, corresponding derivatives being 
formed in either case. In this way, just as numerous pentarsuhf.j^ 
stituted derivatives of benzene had become easily acce5aibto3t.||^ 
means of tetramtioamHne, many completely substituted 
derivatives have become available pentamtroaniline^ 
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reactions have been carried out represented by the following 
formulae : 



These transformations prove that all five nitro-groups are in the 
nucleus — as was to be expected, since pentanitroaniline has not the 
properties of a nitroamide. 

In two directions only has pentanitroaniline been found to 
difier essentially from tetranitroaniline : its greater solubility in 
organic solvents, and its behaviour on acetylation. The table of 
approximate solubilities given below for 2:4: 6-trinitroanilme, 
tetranitroaniline and pentanitroaniline reveals marked differences 
and, it seems, no connexion between the number of nitro-groups and 
the solubility in a given solvent. On acetylation by means of axjetic 
anhydride with a little concentrated sulphuric acid, tetranitroaniline 
yields its acetyl derivative, but from pentanitroaniline an acetyl 
derivative is produced in which at least one nitro-group has been 
replaced. Preliminary tests appear to indicate that this compound 
does not belong to the series obtained by the removal of w-nitro- 
groups, so that the possibility that acidic reagents may replace a 
p-nitro-group must be examined ; it should be remembered that in 
pentanitroanilme even the p-nitro-group has two other nitro-groups 
adjacent to it. 

The work is being continued. 


Expebimental. 

Pentanitroaniline , — 1 Part of 3 : 5-dinitroamline, prepared by 
Fliirscheim’s modification of Bader’s method {J, pr. Ghem.y 1905, 
71, 537}, is dissolved in 20 parts (by volume) of oleum (5%S03), 
and 1-6 parts {by volume) of nitric acid {d 1*52) are added below 20°. 
The solution is then heated at 70 — ^75° for 3 hours wifhovi shaking 
or stirring. In this way the nitroamides remain suspended in a 
finely divided state, whereas shaking or stirring causes them to cake 
tc^ther, whereupon they usually decompose with a vivid flash. 
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The q>ent acid is removed by suction, and the product (nearly pure 
pentanitroaniline, deoomp. 189®) recrystallised jErom benzene. 
Up to 3 g. of 3 : 6-dinitroaniline have, so far, been nitrated at a 
time,* giving an average yield of 1*5 g. of pure pentanitroaniline 
(containing 1 mol. of benzene) per 3 g. of 3 : 6-dinitroaniline used. 
Pentanitroaniline crystallises with 1 mol. of benzene in golden- 
yellow prisms. Dr. L Knaggs, of the Davy Paraday Laboratory, 
who very kindly examined these microscopically, mforms us that 
they are either monoclinic or triclinic, a decision between these 
alternatives not being feasible without detailed measurements. 
The ground material, when brought to constant weight by 18 hours^ 
exposure in a vacuum at room temperature, lost 19*6% in weight 
{CgHgOioKTejCgHg requires C^Hg, 19-7%). The crystals remain 
unafiEected in shape and colour by the loss of benzene, but become 
opaque. Benzene-free pentanitroanilim melts at 192° with rapid 
decomposition, after darkening to a deep orange at 160 — 170° (rate 
of heating 6° per minute) (Pound : C, 22-7 ; H, 0‘65 ; N, 26-45, 26-4. 
®6®^20ioNg requires C, 22*6 ; H, 0*6 ; N, 26*4%). Approximate 
comparative solubilities are given in the following table : 


2:4: C-TPinitro- 
aniline. 

Benzene. 0*025 g. in 0*6 — 1*0 
e,e. at 74*5®. Ciyst. 

Acetic acid. 0*019 g. in 0*25 — 0*5 
c.e. at 75®. Cryst. 

Acetone. 0*030 g. in 0*26 — 0*4 
c.c. at 50®, Ciyst. 

H 2 S 04 ( 100 %). 0*021 g. in less than 
0*3 c.c. at 20®. No 
cryst. 


Tetranitro- Pentanitro- 
aniline. aniline. 

0*02 g. in 5 — 6 c.c. 0*023 g. in less 
at 74*5®. Cryst. than 0*5 c.c. at 

, 74*5®. Cryst. 

0*025 g, in 0*95 — 0*019 g. in less 
1*2 c.e. at 75®. . than 0*2 c.c. at 

Cryst. 20°, No cryst. 

0*021 g. in 0*26 — 0*024 g. in less 
0*4 C.C. at 50®. than 0*1 c.c. at 

No cryst. 20°. No cryst. 

0*020 g. in 4*5— 0*023 g. in 11*5— 
6*0 c.c. at 75®. 13*6 c.c. at 76®. 

Cryst. No cryst. 


“ Cryst.” or “ no oiyst.” indicates whether or no the nitro-componnd 
crystallises on <^oIing in runniag water. The lower values, for c.c, used, 
indicate a deficiency, the higher values an excess, of solvent required for 
complete solution. 


From 3 : 6-dimtroacetaiiilide a lower yield of pentauitroaiuline 
was obtained than from dinitroaniline itself : 4*5 g. of the acetyl 
derivative, nitrated in 80 c.o. of sulphuric acid monohydrate with 
6*0 c.c. of nitric acid (d 1-52) for 6 hours at 65—70°, gave only 0-6 g. 


* An improved method of nitrating 3 ; 5-dinitroaniline which we have since 
found (in which 1 part of this amine in 40 parts by vol. of 100% sulphu 
acid and 2*6 parts by vol. of nitric acid, d 1*62, is heated to 75® during 4 1 
and kept at 76° for 1 hour) avoids the separation of nitroamides alto 
and thereby makes it possible to nitrate any desired amount at a,t 
gives the improved yield of 0*62 part of pentanitroaniline, immed^ 
as it separates from the acid. ^ 5 
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of pentanitroaniline ; and 12-3 g., nitrated with the same proporth 
of tdetan (5% SO3) and nitric acid as were used for the amine, ga 
in 5 hours at 65—70° only 1-5 g. of pentanitroaniline. 

2:4: Q/rrinUro-^-amiruyresoTcinol . — To a_ solution of 0-50 g. 
benzene-free pentanitroaniline in o c.c. of acetone, an excess 
aqueous sodium acetate was added gradually with good shakh 
The solution, which turned red with some effervescence, "v 
frequently shaken during J hour, the acetone driven off, and 
excess of concentrated hydrochloric acid added to the residue. 1 
yellow precipitate obtained (m. p. 220^, decomp.) crystallised fr< 
benzene-alcohol in small deep yellow crystals, m. p. 236 — 
(decomp.) (heating, 5° per minute). This compound was obtaii 
in brownish -yellow, fine needles of the same m. p. and mixed m. 
when 1 g. of pentanitroaniline was heated on a water-bath w 
10 c.c. of saturated sodium carbonate solution, with subseqm 
dilution with water, until the separated sodium salt had redissolv 
and precipitation with hydrochloric acid. Yield, 0-609 g. of crc 
material (deeomp. 230°), which was recrystallised from wa 
(Foimd : N, 21-8. €311408114 requires N, 21*6%). 

2:4: Q-TTinitropMoroglucinoL — 1 G. of benzene-free pentanit 
aniline in 10 c.c. of a saturated sodium carbonate solution a 
10 c.c. of water was heated until it dissolved, 10 c.c. of 10% aquec 
potassium hydroxide were then added, and heating was continr 
on a water-bath until the evolution of ammonia had ceased. Wa 
was added, to redissolve the separated potassium salt, followed 
an excess of hydrochloric acid. After evaporation in a vacuum o^ 
sulphuric acid, the compound was extracted with ether (jde 
0*562 g.). Trinitrophloroglucinol is very soluble in hot water a 
appreciably soluble in cold water, but it can easily be recrystallis 
from water by adding a very little hydrochloric acid, whereby t 
solubility is much reduced. . It was thus obtained in characterist 
long, spear-like crj^stals with an ochre colour, m. p. 167° (in agr< 
ment with Jackson and Warren, Amer. Chein, J., 1893, 15, 615) afi 
prior heating to remove water of crystallisation (Found : N, 16 
Calc. : N, 16*1%). 

2:4: Q-Trinitro-o-aminoresorcinol Dimethyl Ether, — ^Benzene-fi 
pentanitroaniline (2*8 g.) was refluxed for 6 hours with 28 c.c. of d 
methyl alcohol and then cooled. A little bicarbonate solution w 
added to transform traces of free hydroxy-compounds into th* 
salts, and the ether was then precipitated by an excess of wai 
(yield, 1*76 g. ; m. p. 126°). After recrystallisatioii from eti 
acetate-ligroin it had m. p. 127 — 127*5°, and after further recrysti 
lisation from benzene lemon-yellow needles, m. p. 127*5°, W€ 
obtained (Found: C, 33*1; H, 2*8; N, 19*7. C8H8O8N4 requii 
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C, 33-3; H, 2*8; N, 19-4%). A small quantity of a mixture of 
bicarbonate-soluble hydroxy-compounds was isolated. These must 
be produced by the action of traces of water during the replacement 
of the nitro-groups, since the ether, once formed, is not attacked even 
by boiling aqueous methyl alcohol ; from 0*6 g. of the ether, after 2 
hours’ boiling with 95% methyl alcohol, 0*496 g. was recovered 
unchanged. 

2:4: G-TriniiroS-ammoresoreinol Diethyl Ether , — ^This was pre- 
pared in a similar manner from 2 g. of benzene-free pentanitroaniline 
and 20 o.c. of dry ethyl alcohol tyield, 1*176 g. ; m. p- 123°). After 
solution in alcohol, and retreatment with bicarbonate and water as 
above, the ether had m. p. 125 — 126°, which became constant at 
127*25 — 127*75° after successive recrystallisations from alcohol and 
petrol. The product crystallised in yellow blades (Pound : C, 38-0 : 
H, 3*9; N, 17*95, 18*1. requires C, 38*0; H, 3*8; 

N, 17*7 %) . The dimethyl and diethyl ethers have the same melting 
point ; a mixture of the two, however, melts at a lower temperature. 

2:4: 6-JVm>o-l : 3 : 54riaminobenzene,'^ — 1*000 G. of benzene- 
free pentanitroaniline was gradually added to 18 c.c. of 10% aqueous 
ammonia. The material instantly became red, then light brown 
on shaking. After boiling, an orange-yellow powder {0*670 g.) 
was obtained corresponding to the description of trinitro-l : 3 : 5- 
triaminobenzene given by Jackson and Wing {Amer, Chem, J., 
1888, 10 , 282), being insoluble in nearly all servants, but re- 
crystallisable from aniline, and showing no signs of melting up to 
300° (Found : N, 32*6. requires N, 32*6%). The sym- 

metrical constitution of this compound, involving the' adjacency of 
two nitro-groups to each amino-group, is confirmed by the fact that 
0*030 g., dissolved in 1*84 g. of concentrated sulphuric acid, is 
precipitated by 0-15 g. of water. 

Acetylation of Pentanitroaniline , — ^Pentanitroaniline (0*42 g.) did 
not react with 5 c.c. of acetic anhydride and two drops of concen- 
trated sulphuric ^id on heating on a water-bath for 15 minutes, 
the cooled solution being subsequently poured on ice. When, how- 
ever, 0*5 g. of benzene-free pentanitroaniline was boiled with 5 c.c. 
of aeetie anhydride and two drops of concentrated sulphuric acid, 
either for 5 minutes, or better for only a few seconds, followed by 
immediate water-cooling, the excess of acetic anhydride then being 


* Addendum. — ^We have since succeeded in reducing this compound to 
liexa-aminobenzene, a crystalline compound, readily soluble in water, w 
melts and decomposes at about 255’’ (rate of heating, 30° per inm.)^ 4 
darkens in the air, gives a hexa-acetyl derivative (not melted at 309J 
tripicrate, and is characterised by the precipitation of a tetrahy 
when 0*2 g. of the base in 3 c.c. of water is added to 10 o.c.* of 
hydrochloric acid. - > 
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mqstly removed in a vaeuiim and the residue mixed \rith snow, 
a solid was obtained which crystallised from benzene or from 
petrol (b. p. 100—120°) in almost colourless, short, sword-shaped 
crystals of constant m. p. 147 — 147-5°. Yield (in the case of only 
brief boiling), 0-25 g. (Found : N, 18-9. A tetranitrodiaoetamido- 
phenol, requires MT, 18'8%). The nitrogen content of 

this compound makes it certain that at least one nitro-group has 
been replaced, but preliminary tests with the small amount available 
on its behaviour toward so^um acetate and ammonia render it 
probable that the replaced nitro-group did not occupy one of the 
meta-positions. 

AcetylcUion of Teiranitroaniline . — ^When tetranitroamline was 
treated similarly, viz., 0*8 g. boiled for 6 minutes with 8 c.c. of 
acetic anhydride and three drops of concentrated sulphuric acid, 
most of the acetic anhydride removed in a vacuum, and snow added, 
0*76 g. of crude tetranitroaeetanilide, m. p. 163 — 164° (decomp.) 
(heating at the rate of 5° per minute), was obtained. This com- 
pound, which has been mentioned (P., loc. cit) but not described, 
forms, on recrystaUisation from benzene-glacial acetic acid, slightly 
yellow, small needles, decomp. 169° (constant) (Found : N, 22*4. 
CgHgO^Ns requires N, 22-2%). Acetylation in this case, therefore, 
is not attended by the removal of a nitro-group. 

We desire to record our obligation to the Advisory Council of the 
Department of Scientific and Industrial Research for a grant to one 
of us (E. L. H.) ; also to Sir W, H. Bragg and the Royal Institution, 
who have enabled us to utilise the excellent facilities of the Davy 
Faraday Laboratory, where this work was carried out. 

[Received, October 1928.] 


CCCC . — The Synthems of Four Amino-^S-hydroxy- 
1 : 4:-benzisQoxazines. 

By George Newbbry and Mootague Alexandra PHiLLrps. 

Of the four possible amino-3-hydroxy-l : 4-benzi5ooxazines in which 
the amino-group is in the benzene ring, only the 6-ainino-derivative 
has hitherto been described (Howard, Ber., 1897, 30, 2103). As 
the characterisation of these isomerides was necessary for the 
orientation of certain of their arsinic acid derivatives, their synthesis 
from the corresponding nitro-2-aminophenoIs is here described. 

6-Amiao-3-hydroxy-l : 4-benzi5ooxazine obtained from 4-nitro- 
2-aminophenol by chloroacetylation, followed by ring closure by 
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means of alkali and subsequent reduction, melted at 255°, whereas 
Howard (foe. ciL) gives 225°, The same product, m. p. 265°, was 
also obtained by the reduction of 2 : 4-dinitrophenoxyacetic acid. 

The nitration of 4-acetamidophenoxyacetio acid, followed by 
hydrolysis, and the nitration of 4-aniinophenoxyacetic acid .b3^ 
Howard’s method gave the same nitro-4-aminophenoxyacetic acid. 
On reduction, 6-amiuo-3-hydroxy-l : 4-benzfoooxazine, m. p. 255°, 
was obtained. 

The basicity of 5-amino-S-hydroxy-l : 4:-bendB003cazine is of a lower 
order than that of its isomerides; e.gr., mols. of -ST/lO-mineral 
acid are required for its solution, whereas the others dissolve in 
1 mol, of iV'/lO-acid to give salts which are neutral to Congo-red. 
The other isomerides diazotise normally, but the 5-isomeride forms 
with nitrous acid a triazolewhiGh crystallises with a molecule of water ; 
this cannot be driven ofE at 120° and the triazole may therefore 


have the constitution 



Experimental. 

(A) 5~Amino-^-hydroxy-l : 4:"benzisooxazine, — 3 -Nitro- 2- amino- 
phenol, obtained by Foumeau {Bull, Soc. 1927, 41, 499) by 

the de-arsenication of 3-nitrobenzoxazolone-5-arsimo acid and by 
King (J., 1927, 1069) in small yield by nitration in acetic anhydride 
of OiV^-diacetyl-o-aminophenol (Ingold and Ingold, J., 1926, 1321), 
was obtained in improved yield by treating the crude nitration 
product as follows : 

45 G. were boiled under reflux with hydrochloric acid (160 c.c. ; 
d 1-16) for 45 minutes; 190 c.c. of lOA^-sodium hydroxide were 
added to the cooled solution, which, still acid to Congo-red, was 
then boiled with charcoal and filtered. On cooling, 3-nitro-2-amino- 
phenol (17 g., m. p, 217°) separated. The addition of a further 
25 c.c. of lOi^-sodium hydroxide gave a mixture (4-7 g., m. p. 
180 — 185°). By rendering the liquor, which was still acid to 
Congo-red, neutral to litmus, 6-nitro-2-aminophenol (6-6 g., m. p. 
200°) was obtained (total yield of nitro-2-aminophenols, 94%). 
The mixture of m. p. 180 — 185°, on similar fractional neutralisation 
of its solution in acid, gave 1*5 g. each of the above nitroamino- 
phenols. The total yields isolated are thus 63*5 and 24*4% of the 
3- and 6-nitro-2-aminophenols, respectively, which are considerably 
at variance with those estimated by Ingold and Ingold (foe. 

The mother-liquors on extraction with ether gave a 
5-nitro-2-aminophenol and o-aininophehol (m. p. 170°). , ; 

3-Nitro-2-aminophenol crystallised, on addition 
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sodium acetate to its solution in warm concentrated hydrochloric 
acid, in red needles changing to hexagonal plates, m. p, 212®. The 
mono- and di-acetyl derivatives agreed in m. p, with those described 
by Ingold and Ingold (toe. cit)^ 

. Z-Nitro-2-(MoT(xcedamid^ To 3-nitro-2-aminophenol ( 10 g.) 

in acetone (80 c.c.), chloroacetyl chloride (8 c.c.) was added 
with shaking (temp. 26®). After 30 minutes, the bulk of the acetone 
w’as removed. The cJbhroacetyl derivative, which slowly separated 
(11*5 g,; 88%), crystallised from alcohol in ydlow prisms, m. p. 
153 — 154®,. readily soluble in organic solvents but insoluble in 
water (Found : N, 12*0; Cl, 15*2. CgHyO^IToCll requires N, 12- 1 ; 
Cl, 15*4%). 

6-NiirO‘3-hydroxy‘l : irbemasooxazine. A paste of 3-nifero-2- 
chloroacetamidophenol (6 g.) and water (5 c.c.) was treated with 
2A'-sodium hydroxide (20 c.c.) and heated in a boiling water-bath 
for 30 minutes. On acidification, the 'proAiict separated in orange 
prisms (4-9 g. ; 98%), m. p. 115— -116®. The solution in boiling 
water (50 parts) deposited, on cooling, long, prismatic needles of 
the same m. p. (Found : N, 14-2. C 8 B[g 04 N 2 requires N, 144%). 

b’AminO’i-hydroxy-l : 4:‘bmz\&ooxazine, A mixture of the above 
nitro-eompound (3 g.) with iron powder (6 g.) was added to boiling 
water (60 c.c.) containing glacial acetic acid (3 c.c.). After short 
boiling, the mixture was made faintly alkaline to litmus with 
2A’-sodium hydroxide and boiled with an equal volume of water. 
The product crystallised, on concentration of the filtered solution, 
in colourless prisms (1*6 g. ; 73%), m. p. 236® after recrystallisation. 
It is moderately easily soluble in alcohol (Found : 16-9, 

CgHgO^Ng requires N, 17-1%), The hydrocMoride formed charac- 
teristic rhombs, hydrolysed by boiling water (Found : N, 14*0 ; 
01, 17*3, CgHgOgNs, Ha requires H, 13*9; Q, 17*7%). The acetyl 
derivative ^Found: N, 13*3. CigHigOgNa requires N, 13*6%) 
crystallised from alcohol in colourless prisms, m. p. 255®. The 
triazdk^ made by addition of sodium nitrite (1 mol.) to a suspension 
of the hydrochloride in cold water, crystallised from boiling water 
in plates, m. p. 204® (Found ; If, 21-7. CgHgOglfgjHoO requires 
N,21*8%). ^ 

(B) Q-Amin^Z-hydfoxyA : 4:-benz]sooxazine. — (a)- When a mixture 
of 2 : 4-dimtrophenoxyacetic acid (PiTatezi, Gmzetta, 1892, 21, 402 ; 
m. p. 147 — 148®; 24 g.), iron filings (83 g.), wat^ (100 c.o.), and 
hydrochloric acid (25 c.c.; d 1*16) was warmed, a vigorous reaetion 
set in which was controlled when* necessary by cooling. After a 
fortor 15 Biiniites’ heating, tho liquid was ffltered and treated 
with a large excess of hydrochferie acid. The hydrochloride, 
togeth^ with a farther amount obtained by extraction of the 
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ferric oxide with boiling water, weighed 9*5 g. (47*5% yield) and 
crystallised in plates, m. ,p. 300® (decomp.) (Found : N, 13-7 ; 01, 
17*6%). The base (colourless prisms, m. p. 255® after crystallis- 
ation from alcohol) was obtained by treatment of the hydrochloride 
solution with sodium acetate (Found : N, 17*1%). The. acetyl 
derivative (fine needles from water) melted at 298 — ^299® (bath at 
240®) (Found ; N, 13*5%). 

(b) 4t’NitrO’2-cM(yroad:eiximid^ prepared from 4-nitro-2- 
aminophenol, crystallised from alcohol in stout hexagonal plates, 
m. p. 245® (decomp.). It was insoluble in water and ether and 
sparingly soluble in alcohol and acetone (Found : N, 12*0 ; Cl, 

13-5%). 

^’Nitro-Z-hydroxyA ; i-benzi&ooxazine formed almost colourless 
prisms from alcohol; m. p. 233—234®, depressed by admixtm’e 
with the 7-nitro-compound, m. p. 232®. It was insoluble in water 
and sparingly soluble in alcohol and acetone (Found : N, 14*6%). 
On reduction with non and boiling dilute acetic acid it gave the 
corresponding amino-derivative, m. p. 255°. 

(c) 4-Acetamidophenoxyacetic acid (5*8 g.) mixed with potassium 

nitrate (2*9 g.) was added to sulphuric acid (30 c.c.) at 10®. After 
1 hour the mixture was poured on ice ; 2-7iitro-4:-acetamidophenoxy- 
acetic acid (5*8 g.; 82%) then crystallised, and was obtained in 
yellow rhombic plates, m. p, 205 — ^206®, by reorystallisatxom frorh 
water. It was readily soluble in alcohol and sparingly soluble in 
other organic solvents (Found : N, 10*7. requires IT, 

11'0%). On hydrolysis with 7A^-hydrochloric acid it gave 2-nitro- 
4.aminophenoxyacetio acid (m. p. 196°; yield, 92%), identical with 
that obtained by the nitration of 4-aminophenoxyacetic acid 
(Howard, Zoc. ciL). Both the nitroamino-aoid and its acetyl deriv- 
ative, on reduction by tin and hydrochloric acid, gave 6-amino- 
3-hydroxy-l : 4-benzi5ooxazine, m, p. 255®, not depressed by 
admixture with the products from (a) and (b). 

(C) l-Amino-Z-hydroosy-l : i-benzisooxazine. — Q-Nitro-^'CTdoroacet- 
amidophenol, prepared from 5-nitro-2-aminophenol, crystallised 
from alcohol in light yellow prisms or tetrahedra, m. p, 233® (de- 
comp.). It was insoluble in cold water (Found: N, 12*1; Cl, 
16-^5%). 

*l-Nitro-3-hydrcxy-l : ^^benzmooxazme formed yellow prisms, m. p. 
232®, from alcohol (Foimd : 14*0%).- 

l-AmiTio-^-hydroxy-l : 4:-benzisiOOxazinc separated in colourless 
prisms, m. p. 220®, from boiling water. It is insoluble in cold wa^^^ 
and ether, slightly soluble in chloroform, and moderately 
soluble in alcohol and acetone (Found : 17-3%). 

Its hydrochloride, m. p. 276—278® (decomp.), formed 
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prisms, readily soluble in cold wator to give a solution neutral to 
Congo-red (Found : N, 14-0 ; Cl, 17-6%). 

l‘AcetamidO’^-hydroxy-l : i-ben^ooxazine was deposited from hot 
water in fine nee^es, m, p. 250®. It is insoluble in cold water, 
ether, and chloroform and moderately easily soluble in alcohol 
(Found : N, 13-3%). 

(D) i-Amirho-Z-hydroxy-l : 4:-benzSsooxazine . — ^The methods given 
in the literature for the formation of 6-nitro-2-aminophenol, viz,^ 
the de-^enioation of 2-nitro-4-acetamido-3-hydroxyphenylarsinic 
acid (Benda, Ser., 1914, 47, 1010) and the nitration of o-acetamido- 
phenol in acetic anhydride (King, he. cii.), are not satisfactory for 
the preparation of large quantities. The following method was 
therefore used : 

3 : 5-Dinitro-4-hydroxyphenyIarsinic acid (120 g.) was refluxed 
for 1 hour with sodium bisulphite (60 g.) in water (400 c.c.) ; a 
further 60 g. of sodium bisulphite in water (100 c.c.) were then 
added, and the boiling continued for 3 hours. After cooling, the 
supersaturated solution of sodium sulphate decahydrate was 
decanted from the cake of 2 : 6-dinitrophenol, which was crystallised 
from 50% alcohol (m. p. 60®; yield, 64 g. or 76%). On reduction 
by ammonium sulphide (Post and Stuckenberg, Anmhn^ 1880, 
205, 85), and crystallisation from alcohol, a 45% yield of 6-nitro- 
2-aminophenol, m, p. 112 — 113® (Found ; N, 17-9. Calc. : K, 
18-2%), was obtained. The acetyl derivative was obtained as a 
monohydrate, m. p. 102 — 103® ; the anhydrous substance melted at 
122® (Found : N, 15-0. CgH804N2 requires K, 14-9%). 

crystallised from alcohol in rich 
yellow rhombs, m. p. 126°, insoluble in water and sparingly soluble 
in cold acetone (Found : N, 11-8; Cl, 15-6%). 

^-Nitro-Z-hydroxy-l : A^benzi&oowziTie formed light yellow prisms, 
m. p, 265®, from alcohol (Found : N, 14-3%). 

Z-Amino-Z-hyiroxy-l : 4:-benzmooxazi7ie (Found : N, 17*0%) formed 
colourless prisms, m. p. 180®, from water. It formed a hydro- 
chloride, m. p. 272® (decomp.), and an acetyl derivative, m. p. 
267®. This compound and its derivatives were identical with those 
obtained previously by Dr. I. S. Balaban in this laboratory (p. 
3070). 

Rbseaboh Labobatoby, Mbsi^. May & Baiosb, Ltd., 

Wandswobte, S.W. 18. IBeceived, Septen^er 17th, 1928.] 
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COCCI , — Heterocyclic Compounds containing Arsenic, 
Part II, Derivatives of 1 : 4:-Benzisooxazine, 

By George Newbeey, Montague Alexandra Phillips, and 
Ralph William Ewart Stickings. 


The therapeutic importance of tryparsamide (sodium hydrogen 
phenylarsinate 4-glycineamide ; I) and of stovarsol (3-acetainido-4- 
hydroxj^phenylarsinic acid; 11) suggested the desirability of pre- 
parmg some hitherto undesorifaed products of the type of Z-hydroxy- 
1 : 4:-he)iiz]Booxazim-e-ar8inic acid (III) for pharmacological com- 
parison. 

AsO(ONa)-OH 


NH-CHa-CO-NHa 

(I.) 



The arsinic acid (III) was first prepared by reduction of 2-nitro- 
phenoxyacetio acid 4-arsinic acid, the intermediate 2-amino-com- 
pound losing water under the conditions employed. It was also 
obtained from 3-ohloroacetamido-4-hydroxyphenylarsinic acid 
(Raiziss and Pisher, /. Armr, Chem, Soc*, 1926, 48, 1326), which 
readily loses hydrogen chloride in alkaline solution. Similarly, 
3-chloroaGetamido-5-acetamido-4-bydro2yphenylarsinic acid yielded 
S-acetamido-Z-hydroxy-l : i-benT^sooxazim-Z-arsinic acid (IV). 


ASO3H2 


achn(^^h-{:|- 


OH 

CH 


{IV.) 


AsOgHg AsOgHg 

riblHAc ^^()nHAc 

XcHg-CO-NHa OK 
(V.) ^ (VI.) 


By irsing a-bromopropionyl chloride and a-bromobutyryl chloride 
in place of chlmroacetyl chloride homologous 2~alkylben^ooxazines 
were obtained. 

2-Acetamidophen(^acetic acid ^-arsinic acid and the corresponding 
amide (V), itself of pharmacological interest in its relationship to 
compounds (I) and (II), were obtained from sodium 3-acetamido- 
4-hydroxyphenylarsinate by tiie action of ohloroacetic acid and 
chloroacetamide, respectively. . Either, by the action of allriilw 
mineral acids, underwent ring closure to form 3-hydroxy-| 
benziaooxazine-6-arsinio acid, ^milarly, 2 : 6-diacetamido{ 
acetic acid 4-axsinic acid, on mild treatment by alkali or ^ 
the S-acetamido-derivative (IV); complete hydrolj 
5h 
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corresponding amino-derivative. Finally, 3-hydroxy- 1 : 4-benziso- 
oxazine-6-arsinic acid was obtained from 6-amino-3-hydroxy-l : 4- 
benzfaooxazine by the Bart reaction. 

The diminution of toxicity and enhancement of curative effect 
in mice infected with Tryjpanosoma equiperdum shown by the acet- 
amido-derivative (IV), when administered orally or intravenously, 
as compared with the parent substance (III) (Ewins and Everett, 
Brit J. Venereal Diseases, 1927, 3, 1 ; 1928, 4, 181) made it desirable 
to prepare a number of other 8-derivatives and also some of its 
eleven structural isqmerides. 

Attempts to prepare the 8-hydroxy-derivative have, however, 
proved unsuccessful. None could be isolated by the thermal 
decomposition of the diazo-deiivative of 8-amino-3-hydroxy-l : 4- 
benz*aooxazine-6-arsinic acid, nor could 3 : 4-dihydroxyphenylarsinic 
acid or its 5-nitro- or 5-amino-derivative be synthesised as a starting 
point for ring formation (compare Fargher, J., 1920, 117, 865). 

5’Acetamido-2 : 4:-dihydroxyphp>nylarsinic acid (VI) and the corre- 
sponding 3 : l‘dihydroxy-\ : 4-66n2isooa:azme-6-ar5mfc acid were also 
prepared for comparison from 5-nitro-2 : 4-dihydroxyphenylarsinio 
acid (Bauer, Ber., 1915, 48, 615). 

The nitration of 3-hydroxy-l : 4-benzisooxazine-6-arsinic acid 
gave a mixture of B-nitro-, l-nitr(h, and S-miro-d-hydroxy-l : 4- 
benzisooxazine-Q-arsinic acids. The last was present in 1 — Z% yield 
only and was better prepared from 6-nitro-3-amino-4-hydroxy- 
phenylarsinic €U5id by the chloroacetyl chloride method. The pro- 
portion of the 5- and 7-niti*o-compounds varied with the temper- 
ature of nitration. The 5-isomeride, the formation of which is 
favoured by low temperature, is the more soluble in water and 
may be separated by repeated fractional crystallisation, but is 
best separated by means of its neutral di-ammonium salt. Eeduc- 
tion of each hy the method of Jacobs, Heidelberger, and Rolf 
(J. Amer, Chem, Soc,, 1918, 40, 1580) gave the corresponding 
amino-compounds, the behaviour of which with nitrous acid gave 
the clue to their orientation: B-amino-S-hydroxy-l : ds-benziBOomzine- 
6-amnic acid gave an insoluble triazole (compare 5-amino-3-hydroxy- 
-Ij.; 4-benztsooxazine ; preceding paper) and the 7-amino-oompound 
gave a diazo-compound which coupled normally with alkaline 
P-naphthol,, etc. This conclusion was fully confirmed hy de- 
arsenication of the amino-compbunds, 6-ainino-3-hydroxy-l : 4- 
benz£3coxasdne-6-arsxnic acid givmg with boiling 5iP'-hydrochibric 
acid a quantitative yield of 6-amino-3-hydroxy-l : 4-benzt5ooxazme. 
The 7-amino-deriYative, treated similarly, gave a sm aH yield of a 
chlorinated product, m. p. 245®, apparently 6-chloro-7-aminQ-3- 
,byd3EOsy-l : 4-faenzi^ but when boiled with sodium bi- 
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sulphite solution, it de-arsenicated smoothly Tidth the formation in 
good yield of 7-amino-3-hydroxy-l : 4-benzi50oxazme. 

Attempts to prepare 2 : Z-dihydroA . ; 4-6e?^^isooa;a2^^^e-6-^^mw^c 
acid (Vm) by the action of ethylene chlorohydrin on 3-amino- 
4-hydroxyphenylarsinic acid with the intermediate formation of 

3- P-hydroxyethylamino-4-hydroxyphenylarsinic acid were unsuc- 
cessful, but the application of the method of Adams and Segur 
(J. Chem. Soc., 1923, 45, 785) led to fair yields of the cyclic 
acid. 

The action of p-chloroethyl chlorocarbonate on sodium 3-amino- 

4- hydroxyphenylarsinate gave 3-<ii-c7ihrocarbeth<>xyaminoA-hydroxy- 
phenylar3mic acid, which, with caustic soda, gave the required acid. 
It is assumed that there is formed as an intermediate product 
2'-hydroxy-2-keto-3-phenyl-4 : 5-dihydro-l : 3-iaooxazole-5'-arsinic 
acid (VII). 


AsO(OH)2 AsO(OH)2 

(vn.) (vm.) 


AsO(OH)2 

OB. 

(DC.) 


The mechanism by which this loses carbon dioxide to form the 
acid (VIII) is obscure, especially since attempts to form 8-acet- 
amido-2 : 3-dihydro-l ; 4-benziacK)xazine-6-arsmio acid by an anal- 
ogous method led to the formation of 5-acetamido-3-p-hydroxyethyl- 
amino-4-hydroxyphenylarsinic acid (IX), which was isolated as the 
corresponding arsewo-compound readily soluble in caustic alkalis. 
In this case, therefore, ring closure does not occur. 

In the 3-hydroxy-l : 4-benzisooxazine-8-arsinic acid series, the 
parerd substance was obtained from 3-amino-2-hydroxyphenylarsinio 
acid by the chloroacetyl chloride method and also from 8-amino- 
3-hydroxy-l : 4-benzi500xa2ine by the Bart method. Its amino- 
derivative was obtained similarly from 3-amino-5-acetamido-2- 
hydroxyphenylarsinio acid and also from 3 : 5-diamino-2-hydroxy- 
phenylarsinic acid (King, J., 1927, 1050) by chloroacetylation in 
alkaline solution. 

Experimental. 

A. S-HydroxyA : i-beTi^ooxazine-S-arsinic Acid. 

2-lfitro-3iydroxyphenylarsinio acid was prepared almost 
described in D.E,-P. 266343 (1913). The 2-nitro-3-carbetho^^ 
aminophenylarsinic acid (120 g.), however, was refluxed 
5^-sodium hydroxide (600 o.c.) for 1 hour ; on acidificatiq^ 
red), a 60% yield of nearly pure nitrohydroxy-acid waa.^f3^|p3^. 
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It formed rich yellowj hexagonal plates^ m. p.* 208° (decomp.) 
(Found : As, 28-5; N, o*3. Calc. : As, 28*5; N, 5-3%). 

2*Amino-3-hydrox37phenylarsmic acid (compare Foumeau, Tre- 
fouel, and Benoit, BvM. Sac. chim., 1927, 41, 499) was obtained 
in 52% yield by reducing the above nitrohydroxy-acid (55 g. 
in 330 c^o, of hot water and 58 g. of sodium hydroxide) with 
glucose (44 g.). The mixture was gently boiled for 6 minutes 
and, after 1 hour, acidified markedly to Congo-red. Treatment with 
charcoal, filtration, and neutralisation to Congo-red with lOA^- 
sodium hydroxide gave the amino-compound, which, after purific- 
ation (compare Christiansen, J. Amer. Chem. 8oc,, 1920, 42, 2403), 
formed characteristic wedge-shaped crystals (Found: As, 32*2; 
N, 5'9. Calc.: As, 32*2; N, 6*0%). The calcium salt formed 
hexagonal plates and the acetyl derivative rectangular . plates, 
m. p. 207 — 210° (decomp.) (Found : As, 27*4. Calc. : As, 27-3%). 

S-Hydroxy-1 : ^-benzisoomzine-B^arsinic Acid. — ^2-Amino-3-hydr- 
oxyphenylarsinic acid (20 g.), dissolved in 2A^-sodium hydroxide 
(50 C.C.), was treated alternately with chloroacetyl chloride (15 c.c. 
in all) and 25% sodium hydroxide solution at 60°. The mixture 
was made strongly alkaline and heated at 90° for 10 minutes, more 
alkali being added as acidity developed. The cyclic arsinic acid, 
obtained in 60% yield on acidification, crystallised from boiling 
water in colourless rhombs, m. p. 245 — 248° (decomp.) (Found: 
As, 27-5; N, 5-0. C^HgOgNAs requires As, 27-5 ; U, 5d%). The 
calcium, barium, and magnesium salts were amorphous, white solids. 
The, orientations of this compound and of 2-nitro-3-oarbethox}"- 
aminophenylarsinic acid were confirmed by reduction of the latter 
by glucose and alkali ‘giving 2 : 3-diaminophenylarsmic acid, m. p. 
198° (decomp.) (compare D.R.-P. 256343). 

B. 3-Hydroxy-l : i-betizmooxazine-B-arsmic Acid and its 
Derivatives. 

Pre^rcUion of the Acid. — (a) 2-Nitrophenoxyacetic acid 4-arsinic 
acid (Christiansen, J. Amer. GJism. Soc., 1922, 44, 2339), reduced 
by ferrous hydroxide (Jacobs, Heidelb^ger, and Rolf, loc. cit), 
gave the ocid in 57% 3 deld. It crystallised from boiling water in 
rhombs, not molten at 300°, and* was insoluble in cold w^ater, dilute 
hydrochloric acid, and the usual organic solvents but soluble in 
alkalk and alkali carbonates (Found : As, 27-3; N, 5*25%). The 
calciim salt fascmed rosettes, of needles, but the. magnesium salt 
WB8 iSQlOqphoUS. 

(b) To 3-acetamido- 

^ * All decomposition points above 200® were determined by rapid heating 
in a solpinixlo aeid bath ai>an imtial temperature of 200®. 
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4-hydra^Tphenylarsiiiic acid (45-5 g.) suspended in wate (110 c.c.), 
sodium hydroxide (20 g.) in water (20 c.c.), followed by chloroacetic 
acid (16 g.), was added and the mixture was refluxed until it was 
acid to litmus (| hour). A further 7 g. of sodium hydroxide in 
water (7 c.c.) and chloroacetic acid (8 g.) were added and the boiling 
was continued until acidity to litmus again developed ; the mixture 
was then acidified to Congo-red and, after cooling, the armnio acid 
collected. After purification by solution in alkali, addition of 
acetic acid, filtration from a small amount of unchanged material, 
and acidification of tie filtrate to Congo-red, it crystallised in long 
pointed needles, not molten at 280° (yield, 66%) (Found: As, 
22-5; N, 4-15. OiqHi 2 ^ 7 NAs requires As, 22*5; N, 4-2%). The 
magneshun salt was amorphous. 

4-am7^^c acid was prepared (yield, 
26 g.) in a somewhat similar manner from 3-acetamido-4-hydroxy- 
phenylarsinic acid (27-5 g.) and chloroacetamide (15 + 10 + 5 g.), 
sodium bicarbonate being added as the alkaline reaction disappeared. 
It crystallised from water in colourless, hexagonal plates, m. p. 236° 
(decomp.) (Found : As, 22-3 ; N, 8-15. Ci^HigOgNgAs requires As, 
22*6; N, 64%) and formed an insoluble amorphous magnesium 
salt. 

2-Acetamidophenoxy8cetio acid 4-arsinic acid was heated (10 g.) 
for 1 hour at 90° with 5^-sodium hydroxide (20 c.c.) or refluxed 
(2 g.) with 4J?'-hydroehlorio acid (10 c.c.). On acidification in the 
former case and on cooling in the latter, 3-hydroxy- 1 : 4-benzw- 
oxazine-6-arsinic acid was obtained (yields, 5*5 g. and 1 g., respect- 
ively) (Found : As, 27*3 ; N, 5*0%). The corresponding amide 
hydrolysed similarly. 

(c) 6-Ammo-3-hydroxy-l ; 4-benzisooxazine hydrochloride (20 g.) 
(KTewbery and Phillips, preceding paper), dissolved in water (200 
c.c.) and hydrochloric acid (20 c.c.; d 1*12), was diazotised at 
0—5° by sodium nitrite (7 g.) in solution and slowly added to a 
suspension of copper arsenite (prepared from arsenious oxide, 16 g„ 
water, 40 c.c., sodium hydroxide, 6 g., and copper snlphate, 1*6 g.}. 
The reaction of the mixture was maintained slightly alkaline by 
the addition of further sodium hydroxide when necessary. After 
heating with charcoal at 80°, the liquid was filtered, acidified to 
litmus, filtered from amorphous material after standing for some 
time, and acidified to Congo-red; the arsinic acid (12*5 g. ; 46%) 
was then precipitated (Found : As, 27'3%). 

(d) 3-C!ldoroacetamidd-4-hydroxyphenylarsimc acid (1 g., m, p/u 
242°), prepared by a modlficatkm of Eaiziss and Fisher’s 

{loo, dt), was heated at 90° with sodium hydroxide (sl^btl^^^^^ 
than 1 mol.) in 100 c.c. of water for 15 minutes; on 
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the same cyclic arsinic acid (0-6 g.) was obtained (Found: As, 
27-5%). 

(e) The cyclic acid (Found : As, 274 ; N, 5-1%) was also obtained 
directly from 3-amino-4-hydroxyphenylarsinic acid as described 
under 3-hydroxy-l : 4-benzfsooxazme-6-arsinie acid, 

2'-Nitrophenozj/aeetk Acid i^DicMoroarsine. — A solution of 2-nitro- 
phenoxyacetic acid 4-arsinic acid (10 g.) in water (10 c.c.) and 
hydrocUoric acid (d 1-16; 25 c.c.) was added to a solution of 
potassium iodide (0-5 g. in 20 c.c. of water) saturated at 10® with 
sulphur dioxide. This gas was passed into the mixture at 10® for 
1 hour and an equal volume of hydrochloric acid was then added. 
The dicMoroarsine (7-2 g. ; 70%), precipitated as rosettes of plates, 
was washed with hydrochloric add and dried in a vacuum over 
sodium hydroxide. This compound (Found : As, 21*7 ; Jf, 4-2 ; 
Cl, 20*2. C^HgO^NCl^As requires As, 21*9; N, 4*1; 01, 20*76%) 
is very resistant to aqueous hydrolysis, and attempts to reduce it 
by stannous chloride or sodium hyposulphite were unsuccessful. 
Ferrous hydroxide, however, gave a small yield of 3-hydroxy.l : 4- 
benzisooxazine 6-arsenoxide which could not be purified. 

SSydroocy-l : 4rbe7i,ssisooxazine 6-Arsenoxide. — ^Reduction of the 
corresponding arsinic acid as described above under 2-nitrophenoxy- 
acetic acid 6-dichloroarsine gave a 60% yield of 3-hydroxy-l : 4- 
benztaooxazine 4-dichloroaxsuie. This resisted purification, but gave, 
on solution in 2i¥'-sodium hydroxide and addition of hydrochloric 
acid until the solution was only faintly acid to Congo-red, the 
arsemxide in sphsHro-erystals, insoluble in water or dilute mineral 
acids, alkali carbonates or dilute ammonia, but readily soluble in 
excess of dilute caustic alkali solution (Found: As, 31*3; N, 5-85. 
CgHfiOsNAs requires As, 314; N, 6-86%). On treatment with 
excess of hydrochloric acid the dichloroarsine was obtained. 

3 : Z' •‘Dihydrox^S : ff-arseno-l : 4-&enzisoozu2:ine. — 3-Hydroxy-l ;4- 
benzfeobxazine-6-arsiDic acid (2-7 g.), dissolved in water (20 c.c.) 
and saturated sodium carbonate solution (6 c.c.), was added to a 
cold solution of magnesium chloride hexahydrate (2 g.) and sodium 
hyposulphite (10 g.) in water (200 c.c.). The filtered solution, on 
heating at 60—60° for 1 J hours, gave the arse^io-compound, which, 
after being washed with watm: and dried in a vacuum over sulphuric 
acid, was a light yellow, amorphous solid, insoluble in water, dilute 
mineral acids, aliaiis, and the ordinary organic solvents (Fmmd : 
As, 33-2; N, 6*4. requires As, 33*6; N, 6*3%). 

NUraiim of Z-Hi^roxy*! ; 4:’bmzhooxazineS-arainic Acid.— The 
arsdnie acH g.), intimately mixed with potassium nitrate (7*5 g.), 
was added to sulphuric acid (70 c.c.) at 0®, 10®, and 30® in three 
experiments. The mixtures were poured on ice and the dried 
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nitro-compouiids were recrystallised from hot water (600 c.c,), 
haying first been dissolved by the aid of a little sodium hydroxide, 
followed by acidification. The treatment of the liquors is described 
below under the 8-nitro-derivative. The reerystallised solid was 
suspended in water (40 c.c.), and 16% ammonia added until a faint 
smell of ammonia and a faintly alkaline reaction were produced. 
The ammonium salt precipitated was collected and washed with a 
little ice- water; on acidification of its solution in boiling water 
(100 c.c.), 7-iiitro-3-hydroxy-l : 4-benzisoo±azine-6*'arsinie acid was 
obtained. The liquor, which contained a di-ammonium salt, on 
acidification gave 6-nitro-3-hydroxy-l : 4-benzzaooxazine-6-arsinic 
acid. The following table indicates the relative 3delds of the 7- 
and 5-nitro-isomerides, 


Temp, of nitration. Total yield. ^ 7-Isomeride. 


0® 

72% 

29% 

10 

75 

35 

30 

73 

41 


5-Isomeiide. 

11 % 

28 


o-NitrO‘^-hydToxy~l : 4:‘beTfiZ}&0Qxazi7ie‘Q-arsimc acid crystallises 
from water in yellow prisms (Pound : As, 23*7. C8H7O7N2AS 
requires As, 23'6%). It forms soluble crystalline calcium, barium, 
and magnesium salts and a sparingly soluble mono-ammonium salt. 
On reduction with ferrous hydroxide the corresponding amino- 
compound was obtained in 70% yield (Found : As, 26-1 ; N, 9-7. 
CgHgOgNaAs requires As, 26-0; N, 9*7%). It crystallises from 
water in colourless prisms, changing to hexagonal plates, not molten 
at 300®, is soluble in excess of mineral acids, but is reprecipitated 
on addition of water. The calcium and barium salts crystallise in 
white needles, the magnesium salt is micro-crystalline. The sodium 
salt is sparingly soluble in water but readily soluble in excess of 
caustic alkali. Attempts to acetylate this arsinic acid in alkaline 
or acetic acid solution or by the action of acetic anhydride were 
unsuccessful, the unchanged arsinic acid being obtained in the first 
two oases. The triazoh formed white, hexagonal tufts or prisms, 
m. p. 247° (decomp.), from boiling water (Found ; As, 23’7 ; N, 
12*9. C3He05N2As,H20 requires As, 23*7; N, 13-25%). The 
calcium, barium, and magnesium salts were all sparingly soluble, 
amorphous, white solids, the calcium salt being less soluble in 
boiling than in cold water. 

De-aramication of ^-amirvo-Z-hydfoxy-l : 4:-benz}&ooxazine-Q-araia^^^ 
acid. The ammo-arsinic acid (10 g.) was refiuxed for 1 hour 
6A^-hydroGhloric acid (60 c.c.). The filtered solution 
gave 5-2 g. of 6-ammo-3-hydroxy-l 4-benzi^xazine hydip^^^^H 
A further 1-1 g. were obtained from the filtrate by. 
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soditim carbonate and reconveiBion of the crude base (total yield, 
90%), The hydrochloride gave with sodium acetate 5-amino-3- 
hydroxy-1 : 4 -benzisooxa 2 me, m. p. 236® (not depressed by admix- 
ture with the synthetic base ; preceding paper). 

l-Nitro-Z~hydToxy*\ : 4:-bmzia(^mzme-&-arsinic a>cid crystallised 
from boiling water, in which it was sparingly soluble, in long, 
yellow prisms (Found : As, 24*0%). The calcium, barium, and 
magnesium salts are soluble yellow solids. On reduction with 
ferrous hydroxide or glucose and alkali it gave a 70% yield of 
l-amino-Z-hydro3iy-l : 4-‘ben2iBO<xmzi7ie-6-ar8inic mid, which formed 
white prisms, m. p. 268 — ^260® (decomp.), on addition of water to 
its solution in 26% sulphuric acid (Found : As, 26-0; IT, 9*5%). 
The barium and calcium salts are crystalline (needles), the magnesium 
salt is amorphous. The acetyl derivative crystallised in white 
prisms, decomp. 275® (Found : As, 22*8 ; N, 8-5. CioHi^OeNaAs 
requires As, 22*7; IT, 8*5%), and the urethane in long needles 
(Found: As, 21*1; N, 7*7. CnHigO^NaAs requires As, 20*9; N, 
7*8%). Both form amorphous calcium and magnesium salts. 

De-arsentccUian of T-aminwS-hydroxy-l : 4:‘benzmooxazine^6‘arsmic 
acid. The amino-arsinic acid (5 g.) was boiled under reflux with 
sodium bisulphite (3 g.) in water (20 e.c.). Solution w4s quickly 
effected and 7-amino-3-hydroxy-l : 4-benzfeooxazme began to 
separate. After 30 minutes the mixture was made alkaline with 
sodium carbonate. The product (2*5 g. ; 86%) crystallised from 
water in colourless prisms, m. p. 220®, not depressed by admixture 
with synthetic 7-amino*3-hydroxy-l : 4-benzfsooxazine (preceding 
paper), 

3 : 7~IHhydroxff^l : io’bm^ooxmine-^^arainic acid, obtained in 
good yield from 6-amino-2 : 4-dihydroxyphenylarsimc acid (Bauer, 
Jce. ci^.) by chloroacetylation in alkaline solution, crystalled from 
boiling water in white plates, not molten at 300° (Found : As, 
26*1; IT, 4-9. CgHgOgNAs requires As, 26*0; N, 4*9%). The 
barium salt crystaltii^ from boiling water in clusters of colourless 
prisms, the calcium and magnesium salts were amorphous. 

6-Aedamido~2i : ^-dihydroxyphmylarsimo acid, obtained by acetyl- 
ation of the above amino-acid in the usual way, formed colourless 
peians from water (Found : As, 26*6. OgHioOgNAs requires As, 
25*9%). The calcium and magnesium salts are amorphous. 

^ Niiro*Z-hydrQxy*\ : 4:~ben^oomzme’-^-af8imc Acid, — (a) The 
moth^-liquors from the crystallisation of the crude nitration 
product of 3-hydroxy-l : 4-benzisooxazme-6-arsinic acid gave, on 
heutralisaMon with ammonia, addition of excess of magnesium 
cUoride, and heatings a yellow, crystaUine precipitate (1 g.) of the 
magHesium salt. This was converted into the acid with dilute 
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hydrochloric acid (0*7 g. after crystallisation from boiling water) 
(Found : As, 23*8%). 

(b) To 7*5 g. of 3-nitro-5-amino-4-hydroxyphenylarsinio acid 
(Newbery and Phillips, Zoc. ciQ, dissolved in acetone (100 c.c.), 
was added chloroacetyl chloride (6 c.c.) at 25®. Removal of the 
bulk of solvent gave 3~nitro-5’CMoroacetamicb‘4:-hydroxyphenyl^ 
acid (6*5 g.), which formed yellow prisms, m. p. 200® (decomp.), from 
boiling water (Found : As, 21*1 ; Cl, 9*9* CgHgO^NgClAs requires 
As, 21*1 ; Q, 10-0%). The magnesium salt is amorphous. On treat- 
ment with slightly more than 1 mol. of sodium hydroxide a 60% yield 
of S^nitro-Z-hydroxy-l : ^-benzisooxazine-^d-arsimc acid, identical with 
the product from (a), was obtained. It formed almost colourless 
prisms, decomp. 320®. The calcium salt (yellow needles) is moder- 
ately easily soluble in cold water, and the magnesium salt (yellow 
nee^es) is insoluble, differing in this respect from the magnesium 
salt of the 5- and 7-nitro-compounds. Attempts to prepare this 
acid by nitration of 2-acetamidophenoxyacetic acid 4-arsinic acid 
failed, unchanged material only being obtained. 

2 : 6’^IHacetamidoph&noxyacetic acid 4-arsinic acid was obtained 
in 75% yield [colourless prisms, m. p. 212® (decomp.), from water] 
by the action of chloroacetio acid on sodium 3 ; 5-diaoetamido-4- 
hydroxyphenylarsiuate (Uewbery and Ph i llips, loc. ciL) as described 
under 2-acetamidophenoxyacetic acid 4-arBinic acid (p. ^55) (Found : 
As, 19*2; N, 7*1. Ci^HigOglTgAs requires As, 19*2; N, 7*2%). 
The magnesium salt is amorphous. On treatment with boiling 
5Ar-sodium hydroxide or SiV'-hydrochloric acid S’^tmino-S^fyydmxy- 
1 : 4:-be7izisooxaziiie-‘^-ar8ini6 add, identical with the product 
obtained by reduction of the above 8-nitro^derivative with ferrous 
hydroxide, was obtained. It consisted of staggered plates, not 
molten at 300®, insoluble in water, but soluble in dilute mineral 
acids and in alkalis (Found : As, 26*0; N, 9*6%), The sulphate 
forms riumobs, sparingly soluble in cold water, the barium salt 
consists of colourless prisms, the calcium salt of white needles, 
and the magnesium salt is amorphous. 

8 - Amino - 3 - hydroxy -1:4- bmz\sioomzim-^-hydrQxychloTomdnc 
hydrocMoride was obtained in ,90% yield by reduction of the above 
amino-arsinic acid in SAT-hydrochlorio acid by sulphur dioxide and 
potassium iodide, followed by precipitation, with excess of faydro- 
chiorio acid {d 1*16). It formed tiny rhombs or needles (Found : A% 
23*0; U, 8*1; 01,22-0. C^Kfi^^GlAs,KaxeqpiieBM,22*9; 

Cl, 21*7%) and gave on ireatment with water 
I ; 4:-be7iz^oox<mne Q^arsmoxide hydrochloride, which crystn^^^H 
colourless hexagonal plates, soluble in excess, of 
As, 26*6 ; Cl, 11*9. C3H^3N2 Ab,& 01 requires As, 

5 H 2 
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8 : W-Diamino-Z : y-dihydroxyZ : &’^arsmo-l : 4:-bmziBoomziiie was 
obtained as a pale yellow, amorphous solid, insoluble in water, 
dilate caustic alkali solutions, and organic solvents, soluble in 
dilute hydrochloric acid (Found : As, 30-5; N, 11*7 ; atomic ratio 
As : N = 1 : 2-06. CiftHi404N4As2 requires As, 31*5; N, 11-8%). 

8-Acfitomwfo-3-%droa:^-l : 4 :‘benzisooxazimZ-ar 8 inic acid, made 
either by acetylation of the corresponding amino-acid or by chloro- 
acetylation in alkaline solution of 3-amino-5-acetamido-4-hydroxy- 
phenyiarsinic acid (Newbery and Phillips, he. ciL), formed colourless 
prisms, m. p. 275 — 280"" (decomp.) (Found : As, 22*7 ; N, 8*5%). 
The barium and magnesium salts are amorphous. On reduction 
with sulphur dioxide and potassium iodide as above described, 
S-acetamidoZ’hydroxy-^l : 4,‘benz^ooxazimZdichhroarsine (tufts of 
white needles) was obtained; this on treatment with water gave 
the arsemxide, clusters of white needles, insoluble in water, sodium 
carbonate, or dilute mineral acids, soluble m dilute sodium hydroxide 
solution and in excess only of lO^^’-ammonia (Found : As, 25*3; 
N, 9*4. CJ0H9O4N2AS requires As, 25*3; KT, 9*5%). 

8 r8'-jDia<jetomtrfo-3 : Z'-dihydroxyZ : Q'-arseno~l : i-benzisooxazhie 
was obtained as a yellow amorphous solid, stable in air and insoluble 
in water, dilute mineral acids, alkalis, and organic solvents (Foxmd : 
As, '26-1, CaoH^gO^N^Asg requires As, 26*8%), 

BSydroxy-1 : 4:-benzisooxazineZ-arsmic Acid 8-Olyeineamide. — To 
8-amino-3-hydroxy-l : 4-benzi5ooxazine-6-arsinic acid (13 g.) in 
sodium carbonate solution was gradually added, during 1 hour, 
chloroacetamide (5 g.) alternately with sodium bicarbonate (6 g.), 
a faint alkalinity to litmus being maintained. On acidification to 
Congo-red, the arsinic add was obtained in 60% 3neld, It formed 
hexagonal plates from boiling water (Found : As, 21*5 ; N, 12*05. 
CjoHjsOgNgAs requires As, 21*7; N, 12*2%). 

S-OlycylaminoZ-hydroxy-1 : i-bemisooxazineZ-ardnic Acid. — 8- 
Amino-S-hydroxy-l : 4-benzi5ooxaane-6-arsinic acid (20 g.) in 2 N~ 
sodium hydroxide was treated with cfaloroacetyl chloride (10 c.c.) 
and 2A^-sodium hydroxide by the Schotten-Baumann method. On 
acidification 8-chloroacetamido-3-hydroxy-l : 4-benzisooxazine-6- 
atsinic acid was precipitated, which, after filtration and washing 
wiih water, was dissolved in excess of ammonia {d 0*880). After 
several hours, the mixture was. heated to drive off the excess of 
sea^onia and acidified strongly to (liongo. Addition of sodium 
acetate to the filtered solution gave the glycyl derivative. Purified 
by solution in hydrochloric acid and neutralisation with sodium 
acetate, it foamed minute needles, soluble in mineral acids and hi 
aihaifa (Fomcid ; As, 21*5.. C^oHj^OeN^ requires As, 21*7%), 

I 9XjUaroZ’hyir<^‘l : 4y^nziaooxasiin>eZ-ardMC Acid.— 8- Amino- 
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3-hydroxy-l : 4-benzisooxazme-6-arsinic acid (28 g.) was diazotised 
at 0°, and the diazo-componnd was cofleoted and boiled with cuprous 
chloride (15 g.) dissolved in saturated sodium chloride solution 
containing a Httle hydrochloric acid. After treatment with charcoal 
and cooling, the precipitate obtained (16 g. ; 60%) was dissolved 
in warm alkali and reprecipitated by acid ; it then formed yellow 
prisms, not molten at 280°, sparingly soluble in boiling water 
(Found : As, 24-1 ; N, 4*3 ; Cl, 11*4. ‘ CgH^OgNClAs requires As, 
24-4; N, 4-6; Cl, 11-5%). The magnesium salt is amorphous. 

Z-Eydroxy''&-meihyl-‘l : 4^‘bm7^Qoxazim--Q-armnic Acid, — Thearain^ 
atim of o-cresol The method of Christiansen ( J. Amer. Ohem. Soc., 
1923, 45, 801) for the preparation of 4-hydroxy-3-methylphenyl- 
arsinic acid was modified by preliminary distillation of the o-cresol- 
arsenic acid mixture until ^ molecule of water had been removed. 
The residual mixture was then refluxed with mechanical agitation 
for 4 hours and worked up as suggested by Christiansen. In this 
way a 26% yield of sodium 4-hydxoxy-3-methylphenylarsmate, 
i.e., twice that recorded by Christiansen, was obtained. 

The sodium salt on nitration (compare Benda and Bertheim, Ber., 
1911, 44, 3450) gave 3-nitro-4-hydroxy.5-methylphenylarsinic acid 
in 70% yield. On reduction by glucose and alkali as described 
under 2-amino-3-hydroxyphenylarsinic acid (p. 3064), a 60% yield 
of the corresponding amino-acid was obtained (compare 
224,953; Fourneau, Ann, Inst. Pasteur, 1926, 944). Purified by 
solution in hydrochloric acid and reprecipitation by sodium acetate, 
it formed colourless prisms, insoluble in water but. readily soluble 
in alkalis. The monosodium salt (white needles) is sparingly soluble 
in cold water. 

3 : Z*-J}iaGetamidoA : ii'-dihydroxy-S : ^'-di7netihylarsencd)enzene, ob- 
tained by reduction of 3-acetamido-4-hydroxy-6-methylphenyl- 
atsiiiic acid (compare E.P. 254,086), was a yellow, amorphous solid, 
insoluble in water, mineral acids, and organic solvents, soluble in 
dilute sodium hydroxide solution and in 60% acetic acid (Found : 
As, 29-8; N, 6-0. reqidres As, 31*4; N, 5*9%). 

Z-HydroaBy-S-methyl-l : i-benzisooxazine-G-arsinic acid, made by 
chloroacetylation in alkaline solution of 3**amino-4-hydroxy-6- 
methylphenylarsinic acid, crystallised from water in white, prisms 
soluble in alkalis (Found : As, 26’9; N, 4’4- CaHiaOeNAs requires 
As, 26-2; N, 4*9%). 

3 ; -Dihydroxy -dimethyU^ : ^'^arseno-l : 4:-ben^ooxcm^glil^ 
was obtained as a yellow, amorphous solid insoluble in 
dilute mineral acids, alkali, and organic solvents, but 
50% -acetic acid (Found: As, 30-6; N, 6-6. 
requires As, 31-6; N, 6-9%). 
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' S - p - Hydfoxyethylamino - 3 - hydroxy -1:4- betw&ooxazine - 6 - arsmic 
Acid. — S-Ahiino-S-Iiydroxy-l : 4-beDz£5ooxazine-6-arsinic acid (16 g.) 
was treated at 40 — 60® witli p-chloroethyl chlorocarbonate (10 c.c.) 
and lOJy^ -sodium hydroxide. On acidification, S-o-chlorocarb- 
etlio3yainino-3-hydro2cy-l : 4-ben2:i»90xaziiie-6-arsimo acid (com- 
pare 3-<i>-chlorocarbethoxyamino-4-hydroxyphenylarsi]iic acid, be- 
low) separated; it formed white needles from 60% acetic acid. 
This compound (12 g.) was refluxed for 40 minutes with 6A’^-sodium. 
hydroxide (60 c.c.) ; on acidification, carbon dioxide was liberated 
and S^^diydroxyethylamim-Z’-hydroxy-l : 4-benzi30oxazine-6‘arsmic 
acid, (white prisms from boiling water) separated (Found : As, 
22-5; N, 84. CioHigO^lSrgAs requires As, 22-5; N, 84%). 

3Hydroxy-S'Carbozy-l : i-benzisoomzine-S-arsinic Acid. — 5-Amino- 
salicylic acid (made by the method of Armin, Fisher, and Eosenberg, 
Ber.i 1898, 31; 81) gave, by a modification of the Bart method, a 
40% 3?ield of 4-hydroxy-3-carboxyphenylarsimc acid. 

S-Nitro-^-hydroxyS-carbozyphenylarsinic acid (16 g*) separated 
when a mixture of 4-hydroxy-3-carboxyphenylarsinic acid (20 g.) 
and potassium nitrate (7*7 g.), added to sulphuric acid (100 c.c.) 
at 6®, was poured into ice-water (500 c.c.). It formed rich j^ellow 
plates of a monohydrate from boiling water and melted at 282 — ^284® 
(decomp.) when anhydrous. It is moderately easily soluble in 
cold water and readily soluble in alkalis, giving a deep red solution 
with excess of sodium hydroxide (Found : » 

N, 426. C7H^0 sNAs,H :20 requires HgO, 6*5 ; As, 23-1 ; N, 4*3%). 
The magnesium, barium, and calcium salts are amorphous. On 
reduction . with glucose and alkali, S-aminoA-hydroxy-B-carboxy- 
phenylarsuiic acid was obtained; it formed white rhombs, not 
molten at 3(K)®, from water (Foxmd : As, 27*0; N, 48. C7H3O0N'As 
requires As, 274 ; N, 6-0%). The calcium, barium, and magnesium 
salts are amorphous. The acid is soluble in exc^ only of dilute 
mineral acids, but readily soluble in sodium hydroxide, forming a 
monosodium salt (needles) which is less soluble in water than the 
disodium salt. 

acid, prepared from 

the above anrino-acid by acetylation in alkaline solution, crystallised 
faom boiin% water in long, colourless needles, m. p. 260—254° 
(deeomp4* The magnesium and calcium salts are amorphous 
(Found: As, 234; IST, 4*6, CgHi^OyNAs requires As, 23*6; N, 
44%). - * 

S-ffydroxyi^S-atxrdaa^ : 4-bmziBoaxeBzin£-6-arsimc actd, made by 
aUornade^lfictfcn ia alkalizm solution of 3-jmrino-4-hydroxy-d-carb- 
es^p^imylatsiMc acid, formed white rhombs, m. , p. 300~30S® 
(deeomp.), from water. It was soluble in alkalis, giving neutral 
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solutioiK, but was sparingly soluble in cold water (Pound : As, 
234 ‘ N, 4-5. CgHgOYNAs requires As, 23-6; N, 44%). 

3~Sydroxy-2-methyhl : ^-benzJsooxazine-Q-arsinic acid was obtained 
from 3-amino-4-hydroxyphenylarainic acid as described under 
3-hydroxy-l : 4-benzfeooxazine-6«-arsmic acid, a-bromopropionyl 
bromide being used instead of cbloroacetyl chloride. It formed 
colourless, pointed needles, not molten at 300°, from water. The 
calcium salt consists of tufts of needles, and the magnesium salt is 
amorphous {Pound : As, 26-3 ; N, 4-8. C^HioOgNAs requires As, 
26-2; lsr,4-9%). 

3-Hydroxy-2-efhyh \ : ^-benzlBoomzine-^-arsinio acid, obtained 
similarly by means of oe-bromobutyrjd chloride, formed colourless 
needles, not molten at 280°, from water. The calcium salt consists of 
tiny polyhedral crystals, the Tnagnesium salt is amorphous (Pound : 
As, 25*2 ; N, 4*35. CioHigOgNAs requires As, 24*9 ; N, 4*65%). 

^-Acetamido-Z'bydrox^-^-methyhl \ 4-6e»2:isooa?ame-6-amw2C acid, 
obtained from 3-amino-5-acetamido-4-hydroxyphenylaTsinic acid 
and «-bromopropionyl bromide, formed white prisms from boiling 
water. It decomposes at 265° and forms an amorphous magnesium 
salt (Pound : As, 21*7 ; N, 8*05. CxiHiaOeNgAs requires As, 21*8; 
N, 8*1%). 

: 4^-bmz\BOomzine-Q-arBmic acid 
formed colourless needles from boiling water (Pound : As, 20^7 ; 
N, 7*9. CigHisOgNaAs requires As, 20*9 ; KF, 7*8%), ; , 

3’<^-CMoro(xirbeihoxy€minoA'‘h^oxyphenylaraim0 Acid.— To .10 g, 
of 3-amino4-hydroxyphenylarsinic acid in 30 c.o. of 2iV-sodium 
hj’^droxide at 30° were added alternately p-ehloroethyl chloro- 
carbonate (7 c.c.) and lOJV^-sodium hydroxide, the temperature 
being maintained between 35° and 40° and the reaction mixture 
being kept alkaline to litmus but not to phenolpbthalein. The 
filtered solution was acidified to Congo-red, and the amnic acid 
obtained was purified by acidification of its warm solution in sodium 
carbonate (yield, 9*5 g.; 63%). It formed colourless rhombic 
crystals, m. p. 209° (deoomp,), insoluble in cold water, the alc<diol 0 
or in dilute mineral acids, but readily soluble in alkalis (Pound : 
As, 22*1; N, 4*1; Cl, 10*2,. OgHnOeNClAs requires As, 22*1; N, 
4’1 ; Cl, 10*45%). The magnesium salt is amorphous. 

2 ; Z-JOihydfo^l : McnzmoomzimS-amnio . Acid.—Th^ above 
ohloro-acid (9 g.) was refluxed for 15 minutes with 30 c.c. of 
4A^sodium hydroxide. When the filtered solution was acidised ^ 
to Congo-red, carbon dioxide was evolved and the required aTmi^< 
acid precipitated. Ckystallised by acidification of its hot 
solution, it formed white or buff-coloured, hexagonal 
molten at 300°, insoluble in water and in most 



3064 


^TEWBBBY, PHILLIPS, AND STICKINGS ; 


but readily soluble in alkalis (Found : As, 29-1 ; N, 5-6. CgHiQ04NAs 
requires As, 29-0; N, 64%). It fonns a white, amorphous magnes- 
ium salt. 

2 : Z-Dihydro-l : A-ben^i^xazine-Q-€bT8e7ioxiie was obtained by 
reduction of the corresponding arsinic acid, dissolved in 7 times its 
weight of hydrochloric acid {d 1*16), with sulphur dioxide and 
potassium iodide as described earlier. On addition of excess of 
hydrochloric acid, a gum separated, which later crystallised. The 
crude dichloroarsine was converted into the oxide by treatment 
with water. Purified by addition of hydrochloric acid to its solution 
in sodium hydroxide, it consisted of a white, amorphous solid 
insoluble in water, sodium carbonate, ammonia and organic solvents 
(Found ; As, 34*0. CgHgOg^As requires As, 33*3%). By treat- 
ment with excess of hydrochloric acid the dichloroarsine was formed 
as white prisms. 

6 : S'-Arseno (2 ; S-dikydro-l : 4:-benzisooxazim)^ obtained from the 
arsinic acid by hyposulphite reduction in the normal manner, is a 
yellow amorphous solid insoluble in water, caustic alkalis, dilute 
mineral acids, and the ordinary organic solvents (Found: As, 
35*7; N, 6*6. requires As, 36*9; N, 6*7%). 

Z-(A-CIihrocarbeth)3cyamim~5-ace^ - 4 - hydroxyphmylar&inic 
acidj obtained from 3-amino-6-acetamido4-hydroX3^henylarsinic 
acid by treatment with P-chloroethyl chlorocarbonate and caustic 
soda as described under 3-w-chloTocarbethoxyamino-4-hydroxy- 
phenylarsinic acid, crystallised from 30% acetic acid in long needles, 
m. p. 189° (deeomp.). Its magnesium salt is amorphous (Found : 
As, 19*15; S, 7*0; Cl, 8*65. requires M, 18*9; 

N, 7*1; 01,8*9%). 

3 : S*-IX{p-hydroxyetkykminoy5 : B'-diacetamidoA : 4JdihydToxy^ 
araeruAenzene , — 3 - <a - ChlorocarWhoxyamino - 5 - acetamido-4-hyi*- 
oxyphenylarsinic acid (5 g.) was heated in the water-bath for 30 
minutes with 10% sodium hydroxide solution (20 c.c.). The 
mixture was then cooled and added to a solution of sodium hypo- 
sulphite g.) and magnesium chloride hexahydrate (2 g.) in water 
(200 C.O.). After 2 hours’ heating at 55°, the arscTio-compound 
was collected, washed, and dried at 90°. It is a stable, pale yellow, 
amorphous solid, insoluble in water, sodium carbonate, dilute 
hydrochloric acid, or the usual organic solvents, but readily soluble 
in dilute caustic alkali solutions (Found : As, 26*2 ; N, 9*4. 
C^0H5^OgN4Asg requires As, 264; N, 9*8%). 

C. Z^Bydroxy-1 : i-bmmoamzine-S-areinic Acid. 

6-Hitro-2-amin0pheno], obtained as described in tlie previous 
gave, by a modification of the Bart reaction, a 60% 3rield of 
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3-nitro-2-hydpoxypheiiylar8inic acid {compare Foumeau, Tr6fouel, 
and Benoit, foe. cit), which formed characteristic yellow nodules, 
m, p, 262 — ^254° (decomp.) (Found: As, 28-8%). The calcium, 
barium, and magnesium salts were yellow, amorphous solids. On 
reduction as described under 2-amino-3-hydroxyphenylarsmio acid, 
a 62% yield of 3-ammo-2-hydroxyphenylarsinic acid (m. p. over 
300°; magnesium and calcium salts amorphous), was obtained 
(Found : As, 32-2%). 3-Anetamido-2-hydroxyphenylarsmic acid 
(compare Foumeau, etc., foe. cit.) forms stout plates, m. p. 205° 
(decomp.), from water. Its calcium salt is amorphous and its 
barium salt microcrystalline (Found: As, 27*5; N, 5*0. Calc.: 
As, 27*3; N,5*l%).^ 

Z-Hydroxy-l : 4:-beifiz]BOOxazim--Z-aT3inic acid, obtained either from 
3-amino-2-hydroxyphenylarsinic acid by chloroacetylation in alkal- 
ine solution as described above under the isomeric acids, or by the 
Bart reaction on 8-amino-3-hydroxy-l : 4-benzfoooxazine (see pre- 
vious paper), formed white needles, m. p. 298° (decomp.), from 
boiling water (Found : As, 27*5; N, 5*0%). The magnesium salt 
consists of clusters of needles, the calcium salt of characteristic, 
many-sided nodules, and the barium salt of white prisms. The 
sodium salt forms white needles readily soluble in water to give a 
solution neutral to litmus. 

Q-Amim-Z-hydroxy-l : ^-bcnzi^ooxazineS-arsinic Acid. — ^This was 
obtained in good jdeld from 3 : 5-diamino-2-hydroxyphenyiarsinic 
acid (King, foe. ciL) by chloroacetylation in alkaline solution 
as in the preparation of 3-hydro:sg?^-l : 4-benz^fiooxazine-5-arsinie 
acid (p. -3054), an excess of chloroacetyl chloride being used. Pre- 
sumably the intermediately-formed 6-chloroacetamido-3-hydroxy- 
1:4- benzisooxazine-8 - arsinic acid is decomposed during the 
reaction. 

Z-AmiTio-Z-hydroxy-l : A-henz^oomzim’^Z-arsinic acid (Found : As, 
26*0; N, 9*8%), obtained as above or by hydrolysis of the acetyl 
derivative, formed white prisms, not molten at 300°, from water. 
It is insoluble in cold water and organic solvents, but readily soluble 
in alkalis and in dilute hydrochloric and sulphuric acids, the 
sparingly soluble hydrochloride (prisms) and sulphate (rhombs) 
separating on stand^g. The barimn salt forms white prisms, and 
the calcium salt rhombs ; the magnesium salt is amorphous or 
inicrocrystalline. This acid is more basic than 7- and 5-amino- 
3-hydroxy-l : 4-benzfoooxazine-6-arsinic acids, but less baric thaaa ^ 
8-amino-3-hydroxy-l : 4-benzisooxazme-6-arrinic acid : 2*5 g. Of 
6-amino-S-arsmic acid, S-amino-6-arsinic acid, 
acid, and 5-amino-6-arsinio acid, suspended in 10 c.c, 
require, respectively, 2*5, 4*3, 7, and 15 e.c. of 
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for solution. Only the solutions of the last two amino-acids are 
hydrolysed by addition of water. 

&*Ac€^mido~Z-hydroxy‘l ; 4-6en2iso£):iYZSM2e-8-arsmc acid, obtained 
in 80% yield by acetylation of the corresponding amino-acid or in 
50% yield by chloroaeetylation in alkaline solution of 3-amino- 
5-aeetamido-2-hydroxyphenylarsmic acid (KTewbery and Phillips, 
loc. cit), consists of white needles, not molten at 300°. It is 
insoluble in cold, sparingly soluble in boiling water (Found : As, 
22-9; N, 8*5%). The magnesium salt is a white, amorphous solid. 

6 : 6'-hiacetamido-S : 2* -dihydroxy -^ : S'-arceno-l : 4-6ew2isooa:a2in6, 
made by hyposulphite reduction of the above arsinic acid, is a pale 
yellow, amorphous solid, fairly stable in air. It is insoluble in 
water, alkalis, dilute mineral acids, and ordinary organic solvents 
(Found ; As, 25*7 ; N, 9-0. CooHjgOeN^Asg requires As, 26*8 ; N, 
10 - 0 %). 

Reseabch Labobatobies, Messbs. May & Baker, Ltd., 

Wandsworth, S.W. 18. [Eeceivedy September 17/^, 1928.] 


CCGCII . — Heterocydic Gomfomida containing Arsenic. 
Part III. Some Derivatives of 
oxyphenylarsinic Acid. 

By Isidore Elkanah Balabai?^. 

Isr Part II (preceding paper) the heterocyclic compounds described 
w^e prepared mainly from 3-ainmo-4-hydroxyphenylarsinic acid. 
Similar derivatives of 4-ainino-3-hydxoxyphenylarsinic acid will 
now be described. Ewins and Everett {Brit J, Venereal Diseases^ 
1927, 3, 1) have shown that 3-hydroxy-l : 4-benzisooxazme-’6- 
arsinic acid and its 8-acetamido.-derivative have CjT 1/26 and 
1/80, respectively, ratios sufficiently good to render desirable 
the study of further compounds of the same series. 

When 4-amino-3-hydroxyphenylarsinio acid is treated wdth 
chioroacetyl chloride in aqueous sodium hydroxide solution, 
B-hydroxy-l : ^-bemaaoosmine-l -arsinic acid (I) (compare Aschan, 
Ber.t 1887, 20, 1623) is obtained. On nitration of this acid a 
mixture of two isomerio nitro-derivatives is obtained. These repre- 
ss %-mtro-3-hydro3sy-l : 4rbendBQc^zine-l -arsinic acid (II) and 
6 ( : i-ben^ooxazine-7-arsinic acid (III), respect- 

ively, because i-amino-i-hydrmy-l : 4:-benz}BO(xicazine-l -arsinic acid 
{!?“), the reduction product of (II), on detarsenioation with 16% 
liydrocUoric aeid yieMs i-amino-Z-hydro^-l : 4-6e««asoom5ine (V). 
fSbis aieine is also obtained by the- acid hydrolysis of B-acetamido- 
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Z-hydro^y-l : ii^bmz]&oomzim‘6-arsinic add (VI) (compare Benda, 
Ber., 1914, 47, 995), wliich is prepared from 2-amino-4:-acetamido- 
S-hydrosyphenyiarsinic acid (Balaban, this voL, p. 809), whereas 
the alkaline hydrolysis proceeds normally, giving %~amino-Z-hydroxy- 
1 y4:‘bendsooxazine-b-ar$inic acid (VII), 



Although (III) has not been submitted to similar treatment owing 
to lack of material, nevertheless it is reasonable to assume op-nitra- 
tion of the benzfsooxasine arsinic acid under examination. Attempts 
to de-arsenicate the nitro-compounds by acid hydrolysis were 
unsuccessful. 

An unexpected result was obtained by the action of ohlproacetyl 
chloride on 2-nitro-4-amino-3-hydroxyphenylarsinic acid (VIII), for 
the only product isolated was 2-7i^>o-4-6>-Aj«iro!r^a(jetomi(io-3- 
hydroxypjicnylarsinio acid (IX). This is in contrast with the 
behaviour of b’nUro-Z-amim-4:’‘hydToxypJmbylard^^ acid (Part II), 
which gives a benzi^ooxazine derivative normally, and it can only 
be concluded that the influence of the nitro-group in this case is 
strong enough to inhibit ring closure. This fact was definitely 


AsOgHg 

Os* 

NH, 


(X.) 


AS03H2 


AS03H2 



CO-CH.-OH 

(IX.) 


YHjj 



•OH — 

SH<X)-CH,-OH 

establislied by (a) de-arsemcation of (IX) and snbsequent ia 
of 2-nitro-6-aminophenol, and (6) its reduotbn to 2-omt« 
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the 2 : G-diaminophenol produced being identified in the forms of 
its di- and tri-acetyl derivatives. 

When 3-nitrobenzoxazolone-5-arsimc acid, which is the main 
nitration product of benzoxazolone-5-arsimc acid, was boiled with 
2^-sodium hydroxide for 3 hours, ammonia was evolved and the 
only identifiable product was 

acid, obtained in 41-0% yield. With hydrochloric acid, only 
unchanged material was recovered. 

Expebimental. 

^•Hydroxy-l : 4:-benziSioomzine’l -arsinic Acid (I). — 4-Ainino-3- 
hydroxyphenylarsinic acid (23*3 g.), dissolved in 2A^-sodium hydr- 
oxide, was treated with chloroacetyl chloride (15 c.e.) ; the chloro- 
acetyl derivative which separated was redissolved by further 
additions of alkali. After heating on the water-bath for ^ hour, 
the solution was acidified with hydrochloric acid, 12*9 g. of the 
desired acid (yield, 47-2%) being obtained. This acid crystallises 
from boiling water (10 parts) in rhomboids containing IHgO, and 
is identical with the compound obtained from 7-amino-3-hydroxy- 
1 ; 4-benzasooxazine by the Bart-Schmidt reaction (Found on air- 
dried material : loss at 100®, 6-2. requires HgO, 

6*2%. Found on material dried at 100®: As, 27*1; N, 4*9. 
CgHigOgNAs requires As, 27*4; N, 6'1%). It is soluble in hot 
alcohol and moderately easily soluble in glacial acetic acid, from 
which it crystallises in rhomboids. The calcium salt crystallises 
in bunches of spikes, the magnesium and barium salts are amorphous. 

Nitraiioii of Z-Hydroxy-\ : 4^’‘benzisooxazmC’-l -atonic Acid , — ^The 
acid (10 g.) was nitrated at 0®, and on pouring the solution on ice 
and keeping, 6*6 g. of nitro-oompounds, m. p. 275® (decomp.}, were 
obtained. The mother-liquor deposited a further 1*8 g. (total 
yield, 72-4%). After recrystallisation from water the two crops 
were obtained in very pale yellow needles and colourless rectangular 
plates, respectively, representing the 8-nitro- and 6( 1)-nitro-3- 
hydroxy-1 : 4-benzzac?oxazine-7-arsinic acids. 

%-Niiro-%-hydroxy-l ; ^•bmzmooxazine-l-ursinic acid (II) (Found 
on air-dried material : As, 23-8 ; N, 8-7. CgH^O^NgAs requires 
As, 23*6; NT, 8*8%) and ^[^-niiro-^-hydros^A : 4:-benz\Booxazme- 
l-armnic acid (III) (Found on air-dried material : As, 23*6. N, 
8*5%) both decompose at 280®, the latter violently. Both acids 
are sparingly soluble in glacial acetic acid, from which they crystal- 
lise in rods and rectangular plates, respectively, and are insoluble 
in aldohoL magnesium salts are amorphous, but the calcium 
of the ciystallises in bunches of needles and 

jfiie haiiam saft in ^amond-shaped crystals. 
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^‘Amino-Z-hydroxy-l ; ^-benz^BoomziTie-^l-arsinic acid (IV), pre- 
pared &OZR (11) by the ferrous sulphate method (yield, 66*6%), 
crystallised from boilmg 2iP^-aeetie acid (20 parts) in clusters 
of almost colourless, fine, silky needles containing fHgO (Found 
on air-dried material: loss at 100°, 4*7; As, 25-0; N, 9*2. 

requires fHaO, 4-5 ; As, 24-9 ; N, 9-3%. Found 
on substance dried at 100° : As, 26-0. OgH^OsNgAs requires As, 
26*0%). It is readily soluble in 2Ar-hydrochloric acid and 80% 
formic acid, sparingly soluble in glacial acetic acid, and insoluble 
in alcohol. After diazotisation it gives with sodium p-naphthoxide 
a blight red solution. The barium salt forms fine needles, the 
calcium salt is micro-crystalline, and the magnesium salt amorphous. 

De-arsenication, — ^When the amino-acid (2 g.) just described was 
heated with 16% hydrochloric acid (10 c.c.) for 1 hour, the com- 
pound of m. p. 180° (see p. 3070) was obtained in 61-4% yield. 

S‘Acetamido-3-hydroxyA : 4:-benzisooxazine'‘7-amnic acidy obtained 
fay acetylation of the above acid in alkaline solution, crystallised 
from water in colourless, silky, anhydrous needles (Found on air- 
dried material : As, 22*6 ; KT, 8*4. CioHnOgNaAs requires As, 22*7 ; 
N, 8*6%), readily soluble in 80% formic acid, almost insoluble in 
glacial acetic acid, and insoluble in alcohol. The magnesium salt 
is gelatinous and the calcium salt separates in clusters of fine needles. 

2-NiirO’4:-<^-hydroxyacetamido-Z-hydroxypJimylarsimc Acid (IX). — 
2-Nitro-4-amino-3-hydroxyphenylarsinic acid (20 g.), chloroacetyl- 
ated in the usual manner, gave 13*6 g. (yield, 69*2%) of material 
which crystaDised from water, in which- it was moderately easily 
soluble, in golden-brown anhydrous plates, efferv. 210° (Found : 
As, 22*1 ; N, 8*2. CgH 50 gN’ 2 As requires As, 22*3; KT, 8*3%). The 
acid is sparingly soluble in alcohol and in glacial acetic acid, from 
which it crystallises in plates, and forms a rich red solution in aqueous 
sodium hydroxide. 

De-arsenicaiion, 0*6 G. of the nitro-acid, heated with 16% 
hydrochloric acid (2*6 c.c.) for J hour, gave 2-nitro-6-aminophenol, 
m. p. 110° (alone or mixed with an authentic specimen). 

2-Ami7m-4-a>-Aydroa:2/acetomido-3-7iydrarc2(pAc7iyZammc Acid (X). — 
The corresponding nitro-acid on reduction gave the ammo-acid 
(85*5% yield), which crystallised from water (20 parts) in almost 
colourless clusters of stout anhydrous prisms (Found : As, 26*2 ; 
N, 9*1. CgHiiOfiNgAs requires As, 24*5; N, 9*1%). It is soluble 
in excess of 257-hydrochlorie acid (giving a red solution after diazc^/,i 
tisation and coupling with alkaline p-naphthol), moderately eai^® 
soluble in glacial acetic acid, very sparingly soluble in alGohc3^^H|| 
readily soluble in 80% formic acid. The magnesium, 
barium salts are amorphous. % 
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De-arsenioaimi. The product of de-arsenication gave, after 
acetylation, the triacetyl derivative of 2 : 6 -diaminophenol, m. p. 
ea. 200 ®, which after treatment with alkali gave 2 : 6 -diacetamido- 
phenol, m. p. 160®. 

4r<fi^BydrozyaceiamidO’2-ac£tamido-3-hf/droxppheni/larsmic acid, 
prepared by acetylation of the above acid, crystallised from water, 
in which it was moderately easily soluble, in fine, colourless, silky, 
anhydrous needles (Found on air-dried material : As, 22*0 ; IT, 7-9. 
C 10 H 13 O-IT 2 AS requires As, 21*7 ; N, 8 * 0 %). It is moderately easily 
soluble in glacial acetic acid, but insoluble in alcohol. The magnes- 
ium salt is amorphous. 

8~A€etamido-3-hydroxy-l : 4-5eMsisoormsme-5-arsi?i/c Acad, — 10*5 
G. of 2-amino-4-acetamido-3-hydroxyphenyIarsinic acid, chloro- 
acetylated as previously described, gave 2*95 g. (yield, 24*6%) of 
the acid, which crystallised from ^AT-acetic acid, m which it was 
moderately easily soluble, in fine, colourless, silky, anhydrous 
needles (Found on ah-iied substance: As, 23*1; N, 8 - 6 . 
^ 10 ^ 1106 ^ 2 -^ requires As, 22*7 ; N, 8*5%). It is readily soluble 
in 80% formic acid, moderately easily soluble in glacial acetic acid, 
very sparingly soluble in boiling water, and insoluble in alcohol. 
The magnesium salt is amorphous and the calcium salt forms 
acieular crystals. 

S-Amino~Z-hydro3cy-l : 4 - 6 fins;isQOfm 2 ;iwc.— 0*8 G/of the above acid 
was heated with 16% hydrochloric acid ( 4*0 c.e.) for J hour. On 
cooling, 0*5 g. of the benzmooxazim hydrocMcrMe separated. It 
crystallises in anhydrous, stout, hexagonal prisms from water,, in 
which it is readily soluble when hot, chars at 270®, and decomposes 
at ca. 300® (efi,). Its aqueous solution is acid to Congo-red (Found 
on air-dried material; Cl, 17*4; N, 14*4. CaHgOaN^gjHCl requires 
Cl, 17*7 ; IT, 14*0%), It diazotises normally. The base crystallises 
from hot water, in which it is fairly soluble, in long, colourless, silky, 
anhydrous needles, m. p. 180® (Found on air-dried material : IT, 16*9. 
CgHgOgNa requires IT, 17*1%). It is readily soluble in alcohol and 
acetone, sparingly soluble in ether, and almost insoluble in benzene. 
The nitrate (long rectangular prisms) and the sulphate (short stout 
rods) are very soluble in water. The acetyl derivative crystallises 
from water, in which it is sparingly soluble, m long, colourless, silky 
anhydrous needles, m. p. 257® (Found on air-dried material ; IT, 13*6. 

requires IT, 13*6%). When the amine or its acetyl 
<tesivatm is warmed with concentrated nitric and sulphuric acids, 
a bx^htl^e colour develops ; the amine hydrochloride produces an 
olive-grem colour* 

; 4-5enzisoosa7Zine-5-am%je Acid, — 2 G. of 
tiie doarrespondii^ acetyl derivative were hydrolysed with 2A^-sodium 
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hydroxide (20 c.c.) for | hour. This acid crystallises from water, in 
which it is sparingly soluble, in long rectangular prisms which 
contain lost at 100^ (Found on material dried at 100® : 

As, 24-8 BT, 9-6. C8H905N2As,JH2;0 requires As, 25-2 ; N, 94%). 
It is readily soluble in 2A^-hydrochloric acid and diazotises normally. 
It is soluble in 80% formic acid, sparingly soluble in glacial acetic 
acid, from w’hich it crystallises in rectangular prisms, and insoluble 
in alcohol. The magnesium salt crystallises in irregular plates, 
the calcium and barium salts are amorphous. 

Benzomzolmie-O’arsinic Acid. — 4-Ainino-3-hydroxypbenylarsinic 
acid (20 g.) w’as dissolved in 2iV’-sodium hydroxide and treated with 
carbonyl chloride; the solid which separated (yield, 20*6 g. ; 93%) 
was insoluble in hydrochloric acid and after treatment with nitrous 
acid did not couple with sodium p-naphthoxide. This acid, men- 
tioned in E.P. 214,628, crystallises from boiling water (26 parts) 
in long, colourless, anhydrous, boat-shaped plates (Found : As, 29*1 ; 
N, 6-5. Calc, for GyHeOgNAs : As, 29*0; N, 54%). It is very 
sparingly soluble in glacial acetic acid and alcohol, but moderately 
easily soluble in 80% formic acid. The magnesium salt is micro- 
crystalline. 

Nitration of Benzoxazdone^S-arsinic Acid. — ^The acid (8*63 g.) was 
nitrated at 0®, and the mixture poured on ice ; 6*7 g. (yield, 664%) 
of product were collected. A prolonged fractional crystallisation 
from water gave evidence of the presence of more than one com- 
poimd, but actually only one substance was obtamed pure, the final 
mother-liquor giving material which was an inseparable mixture. 

3-Nitrobenzoxazolone-5-arsinic acid, the subject of U.S.P. 
1539798, crystallises from boiling water (20 parts) in almost colour- 
less, stout, anhydrous, quadrilateral prisms (Found on air-dried 
material: As, 24-6; N, 9-1. (3alc. for C7H507]Sr2As : As, 24*7; 
N, 9*2%). It is moderately easily soluble in glacial acetic acid 
and 2jS?’-acetio acid, from which it crystallises in quadrilateral 
prisms, sparingly soluble in 80% formic acid, and almost insoluble 
in alcohol. 

S-NUro-i-amim-ZdipdmisypJten^rsimc Acid. — 4 G. of the above 
acid were heated vrith 2A^-sodium hydroxide (40 c.c.) for 4 hours, 
ammonia being evolved and the solution acquiring a deep reddish- 
violet colour. On acidification the desired acid was obtained in 
41 *0% yield. The mother-Kquor gave with ferric chloride an intense 
bluish-green dolour, indicating the presence of a pyrocateedi^- 
derivative; only a trace of crystalline material, however, ooti |i|l^|ft 
isolated from it. This acid crystallises from water in bright 
spikes containing IH^O which is not lost at 100® (Found 
dried at 100°: As, 25-7; N, 8-8. OeHyOjNsAs.HaC 
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25*4 ; Kf, 9*4%). It is spaiiugly soluble in water, almost insoluble 
in glacial acetic acid and alcohol, soluble in formic acid and con- 
centrated hydrochloric acid, and diazotises normally. The calcium 
salt separates in lamina. 

^•Niiri^nzozazolone-^-arainic Acid. — ^2-Kritro-4-amino-3-hydroxy- 
phenylarainic acid (6 g.) was treated with carbonyl chloride as 
previously described; the collected solid (3^9 g.; 59*6%) was 
insoluble in hydrochloric acid and after treatment with nitrous acid 
did not couple with sodium ^-naphthoxide. This acid crystallises 
from water, in which it is very sparingly soluble, in long, pale brown, 
anhydrous, hexagonal plates (Found on material dried at lOff^ : 
As, 24-7; N, 9*2. C^HgO^NgAs requires As, 24*7 ; N, 9*2%). It 
is almost insoluble in alcohol and glacial acetic acid. The magnesium 
and barium salts are microcrystalline. 

6-Amimbenzoxazolone-S-ar8inic Acid. — ^The above nitro-acid on 
reduction gave an 82*4% yield of the qmino-acid, which crystallised 
from 30 volumes of boiling water in colourless hexagonal l ami nae, 
containing IHgO which is lost at 100° (Found on air-dried material : 
loss at 100°, 6*0 ; As, 25*8. C 7 H 705 N 2 As,H 20 requires HgO, 6*2 ; 
As, 25*7%. Found on material dried at 100° : As, 27*0; N, 10*5. 

requires As, 27*4; N, 10*2%). It is soluble in con- 
centrated hydrochloric acid and diazotises normally, is readily 
soluble in 80% formic acid, veiy sparingly soluble in glacial acetic 
acid, and insoluble in alcohol. The magnesium, calcium, and 
barium salts are all microcrystalline. 

mid, prepared by acetylation 
of the above acid, crystallised from 2Jff-acetic acid in colourless 
anhydrous leaflets (Found on air-dried material: As, 23-9. 
CgHgOgNgAs requires As, 23*7%). It is sparingly soluble in glacial 
acetic acid, from which it crystallises in minute rods. The magnes- 
ium salt is amorphous and the calcium salt microcrystalline. 

^-Ac^midioben^mzci€fm Acid. — ^2-Amino-4-acetamido- 

S-hydroxyphenylarsinic acid (10 g.) was treated with carbonyl 
chloride as previously described. The product (9*0 g. ; 81*8%) 
was insoluble in hydrochloric acid and after treatment with nitrous 
acid gave no coloration with sodium p-naphthoxide. This acid 
crystallises in anhydrous colourless leaflets from 2Ar-aoetic acid, in 
which it is sparingly soluble (Found on air-dried material : As, 23*9 ; 
N, 8*7. requires As, 23*7; N, 8*9%). It is fairly 

readily soluble in water and almost insoluble in glacial acetic acid. 
The magz^um, calcium, and barium salts are amorphous. 

i Tlie author desires to thank Mr. B. H. Klein, FJ.C., for the 
aasdya^ recorded in this and the previous paper (this voL, p. 809), 
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and Mr. J. G. Everett, B.Sc., A.I.C., for the experimental results 
obtained with mice (see Ewins and Everett, Brit. J. Ver^ereoi 
Diseases^ 1928, 4, 181) and also for the results detailed in the 
previous paper (toe. cit.). 

Beseabch Labobatoey, Messbs. May & Batcrb, Ltd., 

Wanbswobth, S.W. 18. [i2ece*t?ei, September llth, 1928.] 


CGCCIII . — The Chlorination of Anilides. Pa/rt V. 
The Significance of Velocity Measurements in 
Relation to the Problem of Benzene Substitution 
(continued). 

By x4lan Edwin Bradfield and Brynmor Jones. 

1. The Critical Energy Increments far the Reactions of 'g-Dianbstituted 

Benzenes. 

In an attempt to link qualitative theories of the mechanism of 
nuclear activation with the kinetic theories of reaction which have 
found expression in the conception of the critical energy increment, 
the authors recently considered (this voL, p. 1006) the application 
to aromatic substitution reactions of the equation for reaction 
velocity h = PSZer^^^^ (where Z is the collision number, E the 
critical increment, and 8 and P are probability terms depending on 
the shapes and the “ phase conditions ” of the molecules). Ex- 
pressions of the type log (ia/2*p)r* = (TJTi) log were 

deduced and employed to calculate the effect of temperature on the 
proportions of isomerides formed by further substitution of mono- 
and di-substituted benzene derivatives.* The success of our calcul- 
ation warranted the provisional rejection of phase factors (P) and 
steric factors {8), the product of which differed for the alternative 
points of entrance of the substituent, and justified the adoption of 
the h 3 ?pothesis that the ratio of the isomerides formed is governed 
entirely by the difference of energy of activation of the positions 


* The authors regret that at the time, they were completely maaware that, 
so long ago as 1913, in a paper of which no abstract appeared in the. Ghemisclies 
ZentralhlaM, and which appears to have been generally overlooked by those 
interested in the problem of benzene substitution (compare, e,g., the dis- 
cussion of the eHect of temperature by HoUeman, Ghem. Reviews, 1924, 1, 
221 ; Lapworth and Robingon, Mem. Manohest^ Phil:, Soc. ', 1928, 72, 43), 
Scheffer (Proc. K. Akad. W^^ehap. Amsterdam, 1913, 15, 1118) had not 


only deduced exactly the same expression from a theimodynamio standp 
and carried out a similar calculation, but had also anticipated the ahtli^: 
pointing out that HoUeman’s empirical product role implies the 
of energies of activation. They now wifiih to direct attention 


undisputed priority in this connexion. 
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concerned. As a result of extending this hypothesis to a series of 
closely related ethers 3)-RO*CeH4‘X, to the rate of chlorination of 
which relations of the type^ apply, we were 

led to the conclusion that the groups already present contribute 
additively to the energy of activation of the position in which the 
new substituent will enter. By a similar treatment of velocity 
ratios, Huckel (Bar., 1928 , 61 , 1517 ) has recently shown, inter alia, 
that the different rates of saponification of esters of cis- and tram* 
isomeric substituted cycZohexanols find no reasonable explanation in 

steric hindrance,” thus affording indirect support for our 
hypothesis. 

According to the theory of kinetic activation, the energy condition 
which must be satisfied tef ore the molecules A and B can react in a 
given medium is that the sum of the kinetic energies of translation, 
+ -®b 5 of the two colliding molecules should exceed E, the critical 
energy increment, and conclusions which appear to be of some 
importance may be reached by a more detailed examination of the 
significance of E* It is to be remembered that E is not a character- 
istic of either one substance or the other, but of the reaction between 
the two. It would seem, however, that this amount of energy E 
is the minimum required to bring about some essential change in the 
sub-atomic structure of both A and B before the molecules can 
become articulated to form an intermediate complex which, by a 
rearrangement of electronic orbits, breaks down to the new molecules 
C and D, A fraction, e^, then, of E represents the energy required 
to ** activate ” A, whilst is required to activate ” B, there being 
no necessity to assume any fixed relationship between and Ej^, 
and Eg and For the reaction of A with a second reagent M, 
similarly 

-f- e' iE' < E'^ + j&H 


and again there need be no other relationship between e' and 
and s', and than that expressed above. Further, there is no 
a priori reason to suppose there is any simple relationship between 
and e'. 


The E terms for the expression for the velocity coefficients for 
the chlorination of p-MeO'C4H4*X and |)-EtO'CeH4*X given in 
Part TV may now be expanded on these lines, thus : 

logg{iJ.5*/2Z) = — (sojfo + Epjx + Sea,) 

= — (SoBt +Ep.x + . 

where, -{: Ep^x) ?s the energy required to ortho- 

carbon atom, T&ppsmtmg the ^ect pf and 

IW the 

* For notation, see Bradfidd 
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{soEt + lias a similar sigmfieanoe. eca, and represent the 
energy required to activate the chlorine molecule for the reaction 
with the first and second substances respectively. The experimental 
work discussed in Part IV requires that (1) ^ i>lis same in both 

cases, and (2) (soMe + scij and (eost + e^t) are independent of the 
chemical nature of X, for then 

loggi®x^/ip.X® == {(soile — ^OBt) + i^Ok — ®ca*)}/^2^ • • (1) 

is independent of the nature of X. 

Consider now the equations for the rates of nitration of 4-ethoxy- 
anisole in positions 2 and 3 respectively ; 

l0ge(%2/^'^) ~ — (SOMe + -^p-OEt 4“ 

lQgs{k^l2Z) = ^(soEt + -S>-OMe + SH^’Oa)/i^T 

where (som* + -®p.oBt) is the energy required to activate carbon atom 
2, soMe and i7p-0Et representing respectively the effects of the methoxy- 
and the ethoxy-group. A similar significance attaches to soEt and 
Ep.ovt* shno, and shxos are the energies required to activate the 
nitric acid molecule in order that it may react with carbon atoms 2 
and 3 respectively. Hence 

loge^lk^ ={(soMe “ SoEt) 4” (®p-OEl — -^p-OMe) 4" (sHNOa — (2) 

No theoretical grounds exist for supposing that there is any simple 
relation between the values and determined, by 

equations (1) and (2) respectively. 

The nitration in acetic acid of certain quinol ethers of the type 
p-E.O-C 6 H 4 *OMe has been studied by Robinson and Smith (J., 
1926, 392) and by Clarke, Robiuson, and Smith (J., 1927, 2647), and 
the ratios have been determined. The values obtained are 
compared in the following table with the ratios for the 

chlorination of ethers p-RO*C 8 H 4 *X, given in Part IV. 

Nitration. Chlorination. 

1*63 1-99 

1*80 2‘20 

1-86 2-22 

0-38 0-143 

An obvious parallelism exists, and certain simplifying assumptions 
will now be made in an attempt to connect equations (1) and (2). 

The first assumption is that sq^ and shbo, — enNOa* 
s^ond that in compounds of the type RiO* 04 H 4 *OR 2 , the 
of RO in modifying the amount of energy required to 
carbon atom 3 is proportional to its effect on carbon 
^'p-oBi = that % is a constant independent of ‘ 
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The third assumption is that — soe*} = (sobi “ ®ob*) where 

m is a constant. Equations (1) and (2) then become 

I • • • (10 

“ {^(^OMe — SoEt) — W2-^(SoMe — SOEt)}/-®2^2*- (^^) 

whence 

= . . (3) 

Unfortunately, there is no means of determining either m or n 
separately, or the product w(l — n). The arbitrary value 0*6278 
has been assigned to m{l — n) and the calculation of the pro- 
portions of the isomerides formed by the nitration of 4-ethoxy-, 
4-propoxy-, and 4-butoxy-anisole at 0®, and of 4-p-nitrobenzyl- 
oxyanisole at 24® * from the data for chlorination at 20® of the ethers 
EO-CgH^’X has been carried out by means of (3), and the results 
are compared with the observed values in Table I. The agreement 
is fairly satisfactory. 

Table I. 


B, 


3EIi» 

Pr« 

Bu« 

jp-N02'C5!B[4*CB[j 


Nitration of RO 



OMe. 


3-Nitro-derivative, % 

Eound. Calc. 

62*2 61*4 

64- 3 63-0 

65- 0 63*1 

27-6 23-1 


The existence of additive relationships for the critical increments 
for the chlorination of ethers of the type p-RO*CeH 4 *X has been 
demonstrated (Bradfield and Jones, loc. cit,), but the above calcul- 
ations would have rested on a surer foundation if it were also known 
that similar relationships obtain for the nitration of the ethers 
p-RiO*CgH 4 *OR 2 * ^ satisfactory kinetic method for studying 
nitration does not appear to have been developed, but in this par- 
ticular case, static measurements, viz,, the determination of the 
final ratio of isomerides formed, can be utilised to provide a test, 
since HoUeman’s " product rule ’’ may be applied to the data 
for the nitration of the two compounds 59-RiO*OeH4'OR2 and 
p-E 30 ‘CgH 4 * 0 R 2 ^ calculate the ratio of the isomerides formed by 


^ In the espeziments of Bobinson and Smith, and of Clajrke, Bobinson, and 
Smi th (loc. the temperatures were not kept rigidly constant, but these 
values appear to be approximately the temperatures dtiring the nitrations. 
Eurdier, tbe relative proportions of ether : acetic acid :nitric acid were not 
the same for nitration of 4-p-nitrobenzyloxyaQisoIe as for the other 
, nitrations, so the figures for this ether are not strictly comparable with the 
otibers. 
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nitration of ^-EiO*CeH 4 *OR 3 , and agreement between the observed 
and calctdated ratios would indicate the additivity of the energies 
of activation. For example, from Eobinson and Smith’s data for 
4-ethoxy- and 4-j)-nitrobenzyioxy-anisole, the proportion of 
2-nitro-compound formed by nitration of 4-jp-nitrobenzyloxy- 
phenetole at 0® is calculated to be 82*2% (compare, however, foot- 
note, p. 3076) ; there appear, however, to be no data available to test 
this calculation. 

2. Phme and Steric Factors. 


The isothermal condition /k^, derived from the ex- 

perimental results given in Part IV, has been interpreted as indicat- 
ing additivity of energies of activation for the chlorination of ethers of 
the type EO-CgH^^X, by extending to these reactions the hypothesis 
that the product of the phase and steric factors is constant. Never- 
theless, other equally simple hypotheses would satisfy this condition, 
and the following analysis (for which the more detailed subdivision 
of the iJ-terms is unnecessary) indicates how some of these hypo- 
theses may be differentiated by a measurement of the change of the 
ratio of the velocity coefficients with temperature. 

First Hypothesis. — That the product of the phase and steric factors 

is the same for different substances of the type ^X, under the 

same conditions, the groups EO and X then contributing additivdy to 
the energy of activation. This is the hypothesis already promulgated. 
Suitable algebraic manipulation of the expressions for the velocity 
coefficients (given in Part IV) derived from this hypothesis, gives 
the relation 

whence, for two different temperatures, 

= • ■ (4) 

Second Hypothesis. — Thai the energy of activaiion is the same for 
aU compounds of the type under discussion, and thai a replacement of 
Ej by Eg alters the product PS to P'S', whilst a replacement of X^^ by Xg 
brings aboui an n-foU increase or decrease in PS or P'S'. The equations 
for the velocity coefficients then become 


= 2PSZe-^^^^ . k^,^ = 2P'S'Ze-^’^^ 

= 2nPSZe- fegf * = 2nP'/S'Ze”^^^^ 


whence k^^jk^^ ^^Ijn = ^ required, and 

mk%^h. - PSInP'S' = 

Third Hypothesis. — Thcd^ ffie energy of activaiion is 
solely by the nature of the group OR, replacement of the 
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Xg camvn/ff an n-fold increase or decrease of ffie product PS, only. The 
equations for the velocity coefficients become 

= 2PSZe-^<«‘J^^ == 2PSZe-^^'ST 

iif • = 2nPSZ6-^o^J^ *oB, = ^SZe-^oH^ 

whmice — l/«= as required, and 

whence , 

log = (Ta/Ti) log . . (6) 

Fourth Hypothesis, — ThcA the energy of activatim is deUrmined by 
the osyygm atom aUached to one carbon atom, as modified by the group 
X, replacement of Ej; by Eg cmcsing an n-fdd increase or deeres^e of 
the product PS only, Tbe equations then become 

irOBi = 2P/SZe“<^+^^iVi2^ = 2wP/SfZe-^®o+^7s.>/fi5* 

Jfc^Ri == 2PjSZe-‘®«+^xaVi2^' i-oR* = 

whence as required, and 

whence 

log(72iM«0r. = (y2/2^i)l^^ . (7) 

A distinction may be drawn between these hypotheses by measur- 
ing the ratio ix?V^x?‘> difiPerent temperatures, and comparing the 
cbati^ in the ratio with temperature with that calculated by means 
of expressions 4, 6, 6, and 7, respectively. The fineness of this 
distinction depends on the experimental accuracy, which, un- 
fortunately, for a decisive result requires to be very much greater 
that is at present attainable, but Table 11 shows the agreement 
between the observed values of icojH/fcS®, ^.t 30® and those calculated 
from the observed values at 20®, 


Table II. 




{i?COaH/^"Oyr,* 




Found. 

Calc. 

Difference. 

Hypothesis 1 

.... 74-22 

68*82 

64*42 

-4*40 

„ 1 (•* corrected **) 

... 66-8 

61*93 

58*22 

-3*71 

>•7 

.... 74-22 

68^82 

74-22 

■f6-40 

" 3 

.... 74-22 

68*82 ’ 

75-94 

+ 7*12 

4 

74*22 

68*82 

62-97 

-5*85 


A possible objection to the above calculation is that the data for 
anisic acid and for _p-nitrophenetole, owing to experimental 
exigencies, do not refer to identical conditions of concentration, and 
the observed values of the velocity coefficients depend to some extent 
on the initial concentrations. However, examination of the data 
indicates that the velocity coefficient for anisic acid would he slightly 
lower if it weiie to measure it at the same concentration as 

that to which the data .for p.-iiitrophenetole apply, and that this 
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‘‘ correction ” would not amount to more than 10% of the value of 
k. The value calculated by expression (4) for the ratio at 30° has 
been recalculated on tiie assumption that the ‘‘ corrected ’’ values 
of the velocity coefficients at 20° and 30° are 10% lower than the 
observed values, and it is seen that the result is but little affected. 
This calculation also shows that a small systematic error throughout 
the measurements would lead to little difference in the result. 

That the solvent is not without effect on the velocity of reaction 
is shown by Norrish and Smith (this voL, 129), and it is implicit 
in all the foregoing that it affects these similar reactions to asiiiiilar 
extent, and that the term representing its effect, which should be 
introduced into the expression for 1% cancels out when ratios are 
taken. This assumption is in some degree justified by a calculation 
by Norrish and Smith’s method, employing their approximations, 
of the ratio of the number of effective collisions to the number of 
collisions fulfilling the energy condition for the chlorination of 
anisic acid, p-nitrophenetole, and <o-trichloroaoetanilide, and is of 
the order 10”® in each case. This factor includes, of course, any 
Pot S terms. 

Examination of Table II now shows that the first hj^pothesis is, 
at hast, as correct as the others. The purpose of this discussion will 
have been served if it has been shown that the data considered here, 
and in Part IV, find a quantitative explanation within the limits 
of experimental error, by the single assumption that the different 
rates of entrance of a given substituent at different points in the 
same molecule or in similar molecules under identical conditions are 
determined by the differences of the critical energy increments, 
without involdng phase or steric factors. An exte 2 }sive test of this 
hypothesis on the lines indicated has been begun in these laboratories, 

3. Structure and Reactivity. 

From the new data for the chlorination of anilides in 99% acetic 
acid, it is seen that the value 0»580 for the velocity coefficient of 
co-trichloroacetanilide falls into place in the series acetanilide 
{k = 62*2), formanilide {k = 9*2), trichloroacetanilide, showing the 
general parallel between the rate of chlorination of anilides of the 
type OeHg'NHOO'E and the strength of the acid E-0O2H. On 
the other hand, p-toluenesulphonanilide chlorinates even more 
rapidly than benzenesulphonanilide. , . 

The effect of xeplacing the iminodiydrogen atom of acetanilide 
by a methyl group in reducing the rate of chlorination roughly to, 
one two-thousandth, is striking. An obvious explanation wouH.lb,. 
that substitution in the acetanilide nucleus proceeds ^ 

direct route, and by an indirect one involving the iniirmediate 
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formation of a chloroamide, the former process being the slower, 
whilst for methylacetanilide only the direct route is available. 
For reasons summarised in Part m of this series,, the authors regard 
this explanation as unlikely, and in addition, qualitative observations 
of solubility and ease of hydrolysis by aqueous acids indicate that 
the marked difference in properties of these two substances is not 
confined to speed of chlorination. iS'-Methylation of p-toluene- 
sulphonanilide produces a similar but much smaller effect. 

A gap in the series of alkyl groups investigated has been filled 
by a determination of the velocity coefficients for p-cAforopAe»yZiso- 
lyu^yl ether and -g-iBCibutoxybenzoic acid. The mean value of the ratio 
for these ethers is of the expected order of 
magnitude. No attempt can be made at present to connect 
quantitatively the reactivity of these compounds with their 
structure, but it is noteworthy that the results so far obtained find 
a simple quaSSative explanation in terms of the modern theories 
of benzene substitution developed by Robinson and Ingold (see 
summary, Ann. BeportSi 1926 and 1927), 

Expebimental, 

The measurements of the velocity of chlorination of the following 
anilides and phenolic ethers were carried out by the method already 
d^cribed (Orton and Bradfield, J., 1927, 986; Bradfield and Jon^, 
loc. cit), the medium being purified acetic acid (Orton and Bradfield, 
J., 1924, 125, 960 ; 1927, 983) containing a total of 1 c.c, of water 
per 100 c.c, of reaction mixture, previously adopted as standard. 
Since the reproducibility of the observed velocity coefficients has 
been sufficiently illustrated in the earlier papers, it will suffice to 
give in tabulated form the mean values of &. 

Velocity Coefficients for the Chlorination of Anilides at 20^. 

Concentration of chlorine = 0*0025 g.-znol. /litre. 

„ „ HCl = 0*0125 

Cone, of anilide (g.-mpL/litre). 

0*0025. 0*0076. 0*026. 0*076. 

p-Tolnen^nlphonanilide ......... 65*11 — — — 

p^Toluenesulphonmethylanilide 2*61 2*48 2*396 — 

PrichloEoacetanilide — 0*6778 0*582 — 

Methylacetanilide — — — 0*0338* 

, * Cone, of chlorine = 0*005 g.-mol. /litre. 

CUorinalion of TricMoroaceiamlide at 30®. 

Aniiide ; chlddbae iMCL ^ 0*0075 ; 0*0025 : 0*0125 g.-mol. /litre. 

1^- B081; V/V = 1-871. 
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CMorinatiohi of iBoButyl Ethers at 20°. 

Ether : chlorine : HCl = 0*0226 : 0*0075 ; 0*0375 g.-mol. /litre. 
jp-Chlorophenyl ieobutyl ether, k = 2*701 ; jp-wobutoxybenzoic acid, 
k = 0-935. 

Temperature Coefficients for Ethers, 

Anisic acid. 

Ether : chlorine ; HCl = 0*0226 : 0*0075 : 0*0375 g.-moL/atre. 

^30" == 0*8898; Irao” = 0*444; k^a^jkzQ* = 2*004. 

•p-N itrophenetole. 

Ether ; chlorine : HCl = 0*20 : 0*02 : 0*05 g.-moL /litre. 

Ajjq. = 0*01293; Irao* = 0*005983 ; = 2*16. 

p-isoButoxybenzoic acid was prepared from p-hydroxybenzoic acid 
by a modification of Ladenburg and Eitz's method for the alkyl- 
ation of hydroxybenzoic acids {Annalen, 1867, 141, 254) : 19*4 g. 
(1 mol.) of p-hydroxybenzoic acid were dissolved in a solution of 
15-8 g. (2 mols.) of potassium hydroxide in the smallest possible 
quantity of water, and refluxed at 120° for 7 hours with 26 g. 
(1-1 mols.) of tsobutyl iodide and 2 c.c. of isobutyl alcohol; 10% 
potassium hydroxide (1 mol.) was then added, and the refluxing 
continued for another hour to hydrolyse any ester formed. The 
product was dissolved and suspended in 50 c.c. of water and just 
acidified with concentrated hydrochloric acid. The precipitated 
solid was filteired off, repeatedly washed with water until free from 
hydrochloric acid, and crystallised from acetic acid ; m. p. 136-6° 
(If, by titration, 193-4. Calc. : if, 194-2). 

p-OMorophenyl isobutyl ether was prepared from p-chlorophenol, 
sodium, isobutyl alcohol, and i^obutyl iodide by the usual method, 
and purified by distillation under 3 mm. pressure (bath temp. 
95 — 97°). The form of the apparatus used did not permit of 
an accurate determination of the b. p., the velocity coeflBlcient itself 
being taken as the standard of purity, as described in Part IV ; 
nf == 1*5090 (Found ; Cl, 19*4. CioHigOCl requires Cl, 19-3%). 

The authors wish to express their thanks to Prof. K. J. P. Orton, 
F.R.S., for his continued interest and valuable advice, and to the 
Eoyal Society for a grant which partly defrayed the cost of this 
investigation. 

UzUVBBSITY CoiiLBQE OF HoETH WaUBS, 

Banoob. 


[Beceiv^, October 122ft, 1928.1 
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CCCCIV . — Stryehmne and Brucine. Part YII. The 
Constitution of the Alkaloids discusS^ in Relation 
to the Hypothesis that Dinitrostrychol is an iso- 
Quinoline Derivative. 

By Beginald Cmitobd Fawcett, Wiujam Heney Pebkiy, jtm., 
and Eobebt Eobinson. 

Ie Fait I (J., 1910, S7, 305) of this investigation the chemistry of 
strychnine and bmoine was discnssed from the point of view that 
the alkaloids are at one and the same time derivatives of quinoline 
and carbazole, and when it became apparent that what we bdieve 
to have been the logical development of a structural hypothesis 
based on these premises could not be accepted, we were compelled 
to-iKcqnsider these fundammtsd assumptions. 

The (Hily thing that need be said about the question of the 
soj^sed carbazole nucleus iu the bases is that there is definite 
experimental evidence pointing to the reality of its existence and 
that joofound decompositioBS of strychnine do give rise to indole 
and carbazole (compare Omno, Perkin, and Eobinson, Part lY, J., 
1927, 1589, on the fcamation of indde and carbazole from methyl- 
strychnine); the same cannot be claimed for the hypothetical 
quinoline residue, since no known quinoline derivative has yet been 
obtained by the degradaticm or decomposition of strychnine. 

Xn common, we suppose, with most other chemists who have 
studied these problems, we have regarded the formation of dinitro- 
strydiolcarboxylic add by the miration and oxidaticHi of strychnine 
with nitric acid (Taiel, Annaten, 1898, 301, 336) as a proof of 
the edstmice of « quinoline ring in the alkaloid, but it is the 
purpose of this cmnmunicaiion to point out that the proof is 
by no means a rigid one and that an alternative view may be 
sustained. 

Furthermore, oiur new suggestion that dinitrostrychol is a di- 
nitrodihy(h:o 2 yiaoqumo!iae has been found to be a starting pdnt 
h» the elabcKatiaa of new atructuxal formulae for strychnine and 
Inxtcme which are capable of symbolising the behaviour of these 
bases and their derivatives in a satisfactory manner. 

It is well known that strychnine contains two nitrogen atoms, of 
wMoh one, a-N, is directly attached to mi aromatic nucleus with 
a free paia-podtion and also to a carbonyl group, wher^ the 
other, b-N, is not attached to an aromatic nucleus and is the more 
basio of the two. 
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Cleax indications that, in methylstrychnine, the methyl group is 
attached to b-N are given in Part W (he. cit). 

Now it is plain that, if dinitrostrycholcarboxylio acid is a quinoline 
derivative, the quinoline ring nitrogen atom must be a-N, and the 
portion of the molecule that includes b-N has been removed by 
oxidation; methylstrychnine, on this hypothesis, diould also be 
oxidisable to dinitrostrycholcarboxylio acid. 

Actually, we find that under the conditions for the production 
of the acid from strychnine, methylstiychnine gives a different 
substance (or substances) and the examination of this material, 
which is not yet complete, has shown that its composition is in fair 
agreement with the requirements of one of the formulae 

CnH^OgNg (I), (H), and (III). 

Direct estimation of the methyl attached to nitrogen gave values 
which were about 30% of that anticipated from I (containmg a 
single NMe group), but as the methyl iodide was liberated with 
very great difficulty even at 360*^ it may well have happened that 
there was conriderable reduction to methane. 

Further distillations gave quite negative results, produemg no 
trace of methyl iodide, so that the presence of NMe in at least 
a part of the material was qualitatively demonstrated. 

The most probable constitutioiis corresponding to the above 
formulse are represented below and we are actively prosecuting 
this investigation and examining the oxidation products not only 
of methylstrychnine, but of other 6-.N-substituted strychnines trith. 
nitric acid. 

Synthetical work, in relation to the suggested foimulse, is also 
in progress and we wish to reserve for a short time the experimental 
development of the subject along the lines suggested by the new 
conceptions which we advance in this memoir. 




For the purposes of the present discussion we are content to 
start with the fact that methybtiychnine does not yield dinitro- 
strycholcarboxylic acid on oxidation, and we deduce from this that 
the b-NMe group is not situated in the portion of the stryct 
molecule that is broken up in the oxidation and that conseque 
the heterocyclic nitrogen of dinitrostryeboi was originally j 

6i 
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ci a sttycbimxe moleoule. This is our basic assnmption and ve 
think it a sofficiently xeasonable one to make it worth while to 
follow up the cousequeuces. The sequel we bdieve to be an almost 
iaeTitable outcome of this view, but even if the latter proves to be 
inooixect, several of the su^estioiis made bdow can be mcorporated 
in modified stryclmme and brucine formula and would thus retain 
some value. If the ring-nitrogen of dirntrostrydutl is the b-N of 
strychnine, then dinitrostrychol must be a dinitrodihydrozyiso- 
quinoline, since b-N cannot be attached to the aromatic nucleus.* 
In that case a consideration of the fate oi the a-N which was attadied 
to the benzene nucleus su^ests that the place of a-N is taken by 
hydroxyl, and on this basis the formula (IV) and (V) are feasible 
as representations of dinitrostrychol. 




fra.) 


In view of the frequently observed degradation of strychnine to 
indole derivatives, (IV) and (V) point to the skdetons (VI) and 
( Vli), respectively, as part of the strychnine molecule. 

Of these (VI) seems preferable, for it allows the carbazole skeleton 
to be introduced in a natural manner and we arrive at the conclusion 
that (VUl) is a zing system of strychnine. This can be expanded 
to (IX) in view of the tertiary basic character of b-N and the 
inclusion of a-N in an acid amide grouping. 



I%is hypothesis that the benzene nucletis of strychnine bears 
three sobetitnents must be tested in relation to those degradaikms 
in whmh tlm benzmie nucleus is broken up. No difS.culties are 
encountered in this connexioa and, for example, the d^radation 
of bm(^ to Banssen^s add, C]j^BsgOgN2, by way d kakothdin 

* BeeSne skTefaaiae^ rmlike strychnidine, does not ezMbit the piopertieB 
of an aliytated asnmatfe aaaiae with a free paw-position. 
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(nitrobrociqninoue hydrate) can be expressed in full detail, the 
final result being given by the alternatives. 



The degradation can be similarly represented if the methosy- 
groups are situated in the alternative position vicinal to the indole 
nihrogen. 

It should be mentioned at this point that the very facile nitration 
of strychnine to dinitrostrychnine hydrate has always appeared to 
us to require some special explanation. 

Ooncdvably the formation of a phenol by rupture of the bond 
between the aromatic nucleus and a-N occurs at an early stage and 
both dinitrostrychnine hydrate and nitrobrucine hydrate may be 
nitrophenolio substances. 

In order to make further progress it is necessary to consider the 
important series of degradations of stryclmine and brucine that 
were carried out by Leuchs and his collaborators (Leuchs, B&r., 
1908, 41^ 1711 ; Leuchs and Schneider, Ber., 1908, 41, 4393 ; 1909, 
42, 2494; Leuchs wd Weber, ibid., p. 3703; Leuchs and Belch, 
Ber., 1910, 43, 2417 ; Leuchs and Brewster, Ber., 1912, 45, 201 ; 
Leuchs and Peirce, ibid., pp. 2653, 3412; Leuchs and Bauch, Ber., 
1914, 47, 370; Leuchs, iUd., p. 536; Leuchs and Schwaebel, Ber., 
1914, 47, 1552; 1915, 48, 1009; Leuchs and Bendixsohn, B&r., 
1919, 52, 1443; Leuchs and Bitter, iMd., p. 1583; Leuchs, Hell- 
liegel, and Heeling, Ber., 1921, Si, 2177; Leuchs, Griiss, and 
Heering, Ber., 1922, 54, 3729 ; Leuchs and Hitschke, Und., ■§. 3738 ; 
Leuchs, Gladkom, and Hdlriegel, Ber., 1923, 56, 2472). 

We offer a new interpretation of th^ results. 

On omdation with potasnum permanganate in acetone sdnj^l^ 
brume, yields the keto-add brucinonia 

C 23 H 240 ^ 2 , and the secondary alcoholic dih3^obrucinq3|^|||^p||f 
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CggHg^OgN^. A stereoisomeride of the latter, namely, brucinolic 
acid, is obtained by the reduction of biucinonic acid \rith sodium 
amalgam. 

When brucinolic acid is heated uith aqueous potassium hydroxide 
it yields the neutral brucinolone, O 21 H 22 O 5 N 2 , and ^ycoUic acid : 

C 2 H 4 O 3 - 

There is no evidence that brucinonic acid is other than a mono- 
carboxylic acid, although a second carboxyl appears to be latent 
in an N-CO group; moreover, the formation of N-(jO linkages in 
dilute alkaline solution from >NH and -COgH seems improbable. 
Therefore, by far the simplest and most acceptable view of the 
loss of glycollic acid is that represented by the scheme : 
0-CH2-C02H 

>CH C— — > >C=C< + HO-CHa-COsH. 

This is supported by the facts that (1) brucinolone contains an 
ethylene linkage not contained in brucinolic acid, and ( 2 ) the acid 
azdde derived from dihydrobrucinomc acid decomposes with form- 
ation of formaldehyde (Leuchs and Kanao, Ber., 1924, 57, 1318) ; 

^O-O-CHa-CON, — > ^0— O-CHa-NH-CO-OH — ^ 

^O-OH + CEgO + NH3 + CO2, 

We need no more than this to show that strychnine and brucine 
contain cyclic ether oxygen and since the alkaloids also contain 
one double bond (compare Part VI, Oxford, Perkin, and Robinson, 
J., 1927, 2389) the complete nuclear system must be elaborated 
from (IX) by the inclusion of three more rings. 

Farther, since the double bond is the point of attack of the 
oxidising agent, a part of the changes involved in the formation 
of brucinonic acid must be due to the fission 

^0-0<3Ha-CH:C<^— > ^O-O-CSBa-COaH c6. 

This adds 30 and in some other part of the molecule we must 
add 0 and subtract 2 H; it is clear that this must be due to the 
conversion of “CHg — (b) into --CO — (b), because otherwise 
there is nothing to account for the neutral character of brucinolone. 

A formula derived from (IX) will include a methylene group which 
should, on grounds of analogy, be readily oxidised to carbonyl, 
beoanse it is well known that the carbon atom numbered 1 in the 
reduced isoquinolme ™g exhibits a marked susceptibiliiy to oxidis- 
ing agents. 

Furthermore, in the course of experiments on the reduction 



ms 


STRYCKSmB ASfD BEUCEsE. PAET VH, 


3087 


products of stiycimme, a substance has been isolated which appears 
to be a kind of cjrfstrychnine, produced in accordance with the 
scheme : 



It is hoped that an account of this work will shortly be submitted 
to the Society. 



AcetyWrticinolonic add. Curbine. 


» m 
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The fortiher degracktion o£ bradziolone to curbiae has already 
been interpreted by Lenohs by means of the scheme : 

>lI*COCHg-CH:C< — » >N-C0-CHa-C02H dO 

i 

>NH + CO^H-OHj-COaH 

13ie elaboration of (IX) so as to accommodate th^ results can 
be effected in Tatioos ways, and we have conmdeted many altern- 
atives; of these we prefer that, shown below, arising from the 
postulation of the constitation (X) for bradne. 

The formation of dihydrobraoinonic acid by the direct osidatiou 
of brndne is, on every view, a curious result ; it may be due to 
the hydrolytic &sion : 




/\ 


bH-OH 

0-O-0H,-C0,H 


Some examples of the application of the esptesdon (X) and the 
analogous - strychnine formula (XI) to the explanation of the 
chemistry of the reduction products are represented in the annexed 
scheme. 

These transformations, described in Fart IV (demo, Perkin, and 
Eobinson, J., 1927, 1589), take a more normal course at the stage 
(XII) — ^ (Xm), when the double bond in (XII) is saturated, 
the original ring system bdng r^rodttced. 

Strychnidone (XIV) is here represented as a p-hydro:^-ketone, 
and the disemicarbazoue described in Part IV is then in all prob- 
ability a semicarbazido-semicarbazone and bek>ngs to a recognised 
type of a^-unsaturated ketone derivatives. 

The formulm for tetrahydrostrychnine and the products of 
catalytic reduction of strychnine derivative (compare Part VI, 
foe. eft.) follow automatically, but it must be confessed that we 
have no very satisfactory e:qlanation of the existeuoe wo- 
stiyohnine and dihydrofoostrychnine to put forward. 

The ether oxygen appears to become hydroxylic and it is there- 
fore poBoblB that the formation of isostiyobniae involves an intra- 
mdeoular transfer of hydrogen and that the OO-C group is reduced 
to ^C«H HOO^; perhaps the dihydromdole group provides the 
necessary hydrcfflen atoms. 
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CHa 

Cia 

N CH OH 



CHg 


9'Ha 9Ha 
N OH CH 




MeSOJ 


CHo 


9Ha 

CH 


.CH-CH, 


'QBDEt 



IHhydrostrychnoline (Tedei, Annalen^ 
1898, 801, 324, 326). 


NpH \9Ha 




jSirychnidme meihosulphaie. 




3090 


FAWCETT, FEBKIK’, ASTD BOBINSON : 


{X) and (XI) it may be noted that the assumed ring system (XV) 
is a heterocyclic analogue of that (XVI) occurring in cholesterol. 




A still more significant coincidence is that the formula (XI) 
contains three straight chains of seven carbon atoms and aU are 
terminally attached to nitrogen. These chains serve as the basis 
for the numbering given below and allow us to regard strychnine 
as the reduction and condensation product of a cyanogenetic 
glucoside which would, of course, contain the Cg-C-X group. 



The chief modifications of the formula (XI) that could be made 
appear to be the following, and various combinations of these are 
obviously possible. We have selected a definite formula for purposes 
of illustration only and the alternatives are not excluded. 

(1) Some of the rings may be bridged-rings. For instance, 0-10 
may be attached, not to 0-11, but to 0-13 or 0-14, preserving in 
the latter case the three chains of seven carbon atoms. This view 
is a serious alternative, for it has the advantage that the hydro- 
indole nucleus is blocked and the formation of carbazole involves 
less striping off of external groups. 

0-20 also might be attached to some other carbon atom, for 
example, 0-10. Tim spoils the three chains of seven carbon atoms 
but gives a curhine formula not containing the group --CO*CH(OH)-". 

(2) earbon atcuns 8, 9, and 10 may take the iso-form 

In oeortain cases this is also possible for 15, 16, !?• 



STEYCHNINB AKD BEUCINB. PAET VH. 


3091 


(3) The ring oxygen may be attached to 0-11, giving different 
but analogous formidse for the Leuohs series of degradation products. 
This alternative requires that 0-8 should be the point of oxidation, 
-N-OHg- — >-“N-CO-. The attachment of the ring oxygen to 
0-17 we consider to be improbable in view of the alkaline decom- 
position of bruoinolic acid which gives, as the primary product, 

brucinolone-a containing the group -N'CO'OHg’CH— 6“, and this 
is further transformed by alkali into brucinolone-b characterised by 

the group -N*00*0H“0H — (in- (Leuohs and co-workers, he. ciL). 

We are of the opinion that a group “1T*0O‘0H2*OH-6 h would 

O-OHg-OOaH 

give, in the first instance, the ap-unsaturated substance on fission 
in alkaline solution. •/ 

The view which we have put forward in relation to strychnidone 
(XIV) is also untenable iE the ring oxygen is attached to C-17, 

(4) The work of lions, Perkin, and Eobinson (Part III, J., 1926, 
127, 1158) showed that the methoxyls in brucine are situated in 
the ortho-position to one another and that there can be no free 
position para to either of the methoxyls. Thus the methoxyls 
may occupy the positions 4 and 5 as in (X) or positions 3 and 4. 

(6) Going back to the alternative (VII), which was temporarily 
set aside in view of the less bizarre character of the formula based 
on (VI), the inclusion of a carbazole skeleton and the groups 
necessary to express the Leuohs degradations gives (XVll) or a 
very similar skeleton. Two carbon atoms must be added; one of 
them is required to make b-N tertiary, and the other to. provide 
the carboxyl group of "dinitrostrycholcarboxylic acid. This leads 
to the strychnine formula (XVIII) or bridged-ring alternatives. 

The decision between structures based on (VI) and those based 
on (VH) can best be made by a synthesis of dinitrostrychol, which 
we are attempting at the present time. 



k-i 9 

Q^^gcurrently with the investigations referred to above, we am} 
bruci^® our study of the reduction products of strychrune 
ation of he&a for some time engaged in the careful 

g ^ crystalline substances formed when the metho"^ 
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of strychnine and stiychnidine are submitted to the action of sodium 
amalgam. One of the rings can be readily opened in this way and 
we wish to reserve for a short time the investigation of this interest- 
ing decomposition. 

The XJNivBssiTrES or Oxpokd and Manchbsteb, and 

Univebsiiy College, London. [Beoeived, November 8ih, 1928.] 


NOTES. 


The Acetylation of Dkfhylene Oxide. By Morna LIacleod. 


Experiments carried out by Kmoevenagel {Armcden, 1913, 402, 
133) on the interaction of acetic anhydride with various ethers in 
the presence of anhydrous ferric chloride suggested a method by 
which the presence of two oxide rings in ngaione (MoDowall, J., 
1926, 127, 2200) might be confirmed and investigated. Some 
tests were therefore made with compounds of known constitution. 

Knoevenagers results for cineole were verified, and the reaction 
was then applied to diethylene oxide. Besides some unchanged 
diethylene oxide, small quantities of glycol diacetate and pp'-di* 
acetoxyeihyl ether were obtained. 


^^CH,-CH2-OAc 

^^CHg-CHa-OAc 




I’OAc 
j.2’OAc 

The latter compound was a moderately viscous, sweet-smelling 
oil» b. p. 110 — 135® /16 mm., c^^*123, »^’1*434:8, whence [JZJd = 
44'12 (Found : 0, 60-9 ; H, 7-3 ; sap. value, ‘582. C^HyOj requires 
C, 60-6; H, 7*4%; [JBilu. 43-98 ; sap. value, 689).— The Raxph 
Fobstsb Labobaiobies 07 Oboabio Qsemistby, Univebstty 
C cOOEGE, Lobdob. [Beceived, October 1928.] 


The Nitration of o-Bromoacetanilide. By Cbables StabIjET 
Gibsob and Jobb Dobkbt Abdbew Johnsob. 

Tbe nitration of o-bromoacetanilide proceeds readily accordii^ to 
the metlLod of Franzen and Engdl (J. pr. Chem., 1921, 102, 188), 
but thdr description of tbe separation of tbe isomeric mononitiation 
pcoduotsis a littie confused. They agitated tbe fnely divided crude 
nitration product with ice-cold “ Witt-Utermann solution ” {7^_ 
of potassBBu b 3 ^droxide, 475 c.c. of water, 100 c.c. of ethyl al^^. 
2-!&XHiao>6-Bdti<oaGetaBi]idje was said to dissolve, and 2-b^ 
ziitroaeetaspde -was left undissolved. It was fmther room 
vbea. tine sotutioa of tiie O-nitrorCompound was be'' 
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temperature for 24 hours, hydrolysis took place and 2-bromo-6- 
nitroanilme was precipitated. 

It has now been found that the crude nitration product is almost 
completely soluble in the “ Witt-Utermann solution,” only 2% 
remaining undissolved. The filtrate becomes turbid and after 15 — 
20 minutes a yellow solid begins to separate, precipitation being 
complete after 24 hours. This crude product had m. p. 94 — 98° 
and after crystallisation from benzene-ligroin (b. p. 60 — 80°) had 
m. p, 104°, the melting point of 2-bromo-4-nitroaniline. The 
nature of this compound was further verified by bromination in 
acetic acid solution, the dibromonitroaniline, m. p. 206°, obtained 
being identical with 2 : 6-dibromo-4-mtroaniUne prepared by the 
bromination of p-nitroaniline. 

The filtrate remaining after the separation of the 2-bromo-4* 
nitroaniline from the Witt-Utermann solution,” on treatment with 
glacial acetic acid gave a precipitate of a substance which crystallised 
from methyl alcohol in long needles, m. p. 193°, the melting point 
0 ^ 2-bromo-6-nitroacetanilide. On boiling a solution of this sub- 
stance (5 g.) in alcohol (24 c.c.) and hydrochloric acid (12 c.c.) for 
3 hours, hydrolysis took place, the 2-bromo-6-mtroaniime having 
m. p. 74 — 75° after recrystallisation from ligroin (b. p. 40 — 60°) 
(compare Meldola and Streatfeild, J., 1898, 73, 686, who give m. p. 
73—74°). 

Chattaway, Orton, and Evans (jBer., 1900, 33, 3061) obtained 
2-bromo-4-nitroacetanilide (m. p. 129°) by the action of acetyl 
chloiide in acetic acid on 2-bromo-4-nitroaDiline. Sdmer {AUi 
B. Accad, Lincei, 1914, 22, i, 825), using acetio anhydride, obtc^ed 
a monoacetyl derivative, m. p. 114°, and a diacetyl derivative, 
m. p. 132°. On repeating the work of the former authors, it was 
found that the monoacetyl derivative is indeed formed and has 
m. p. 132—133° (Found: N, 11-1. Calc.: N, 10-8%. The 
diacetyl derivative requires N, 9*3%). This monoacetyl derivative, 
contrary to the statement of Franzen and Engel, is readily soluble 
in Witt-Utermann solution.” 

All the o-bromoacetanilide used in the work was prepared from 
o-bromoaniline, b, p. 110*6°/19 mm. From 204 g. of pure o-bromo- 
acetanilide, 66 g. of pure 2-bromo*4-nitroamline and 80 g. of pure 
2-bromo-6-nitroacetanilide were obtained. — Grnr*s HospjtaIi Medi- 
CAii ScsHooL (U3SIVEBSITY OF London), S.E. 1. [Beceived, 
September llth, 1928.] 
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CCGCV . — The Alkaloids of Some Indian Aconites. 
Part II. Psendaconitine. 

By Thomas Marveii Sharp. 

Most of the species of Aconitum which have been examined chemic- 
ally have been found to contain alkaloids, each species in general 
yielding a different alkaloid; pseudaconitine has, however, been 
obtained from two specie, Aconitum deinorrhizum ajidA. Balfourii. 
The alkaloids may be subdivided into {a) poisonous alkaloids of 
the aconitine type and (6) relatively non-toxic alkaloids of the 
atisme type. With the exception of lycaconitine (Schulze and 
Bierling, Arch, Pharm., 1913, 2S1, 8) and lappaconitine (Schulze 
and TJlfert, ibid., 1922, 2B0, 230 ; Weidemann, Arch. Exp. PcEtk. 
PTiarm., 1922, 95, 166) the alkaloids of the former type (a) are 
similar in that they are all diacyl esters of other bases which are 
generically called ‘‘aconines,” e.g., aconine, japaconine, pseud- 
aconine, bikhaconine ; in each of these cases one of the groups is 
acetyl. Aconitine, the best known of the alkaloids, is derived from 
a European species, A. NapeUus, and is acetylbenzoylaconine. 
Two interesting reactions of this alkaloid have been described by 
Dunstan and collaborators (Dunstan, Tickle, and Jackson, P., 
1898, 14, 159 ; Dunstan and Carr, J., 1894, 65, 176). When aconitine 
is heated in a sealed tube with methyl alcohol, the acetyl group is 
replaced by a methyl group with the formation of methylbenzoyl- 
aconine. The second reaction is also concerned with the acetyl 
group : when the dry base is heated slightly above its melting 
point, one molecule of acetic acid is split off and a new base, 
pyraconitine, is formed. The latter reaction has been shown to be 
general for those aconitine alkaloids which contain an acetyl group 
(Dunstan and Carr, foe. cit.; J., 1897, 71, 358; Dunstan and 
Bead, J., 1900, 77, 60; Dunstan and Andrews, J., 1905, 87, 1631, 
1648; Majima and Suginome, Ber., 1924, 57, 1466; Majima and 
Mono, ibid., p. 1472) and has been studied in some detail m the 
cas^ of aconitine and japaconitine by Schulze and Liebner (Arch. 
Pham., 1913, 251, 463; 1916, 2Si, 667). 

Formula (I) summarises what is at present known regarding the 
oonatitation of pseudaconitine. 


It was thought that a careful study of the two reactions recorded 
by Dunstan and collaborators might throw some %ht on the 
ll refaddve positions of the groups present in pseudaconitine, and that 
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pyropseudaconitine might contain some weakened link, which would 
be a useful point of attack by oxidation or other degradation 
process, pseudaconitine having been shown in the previous paper 
(Henry and Sharp, this vol., p. 1105) to be very resistant to 
oxidation. 

It is now found that when pseudaconitine is heated in a sealed 
tube with methyl alcohol, the acetyl group is replaced by methyl, 
and that the same reaction takes place — but more slowly — ^when 
the base is boiled under reflux with the alcohol. A similar reaction 
also takes place when tetra-acetylpseudaconine is treated with 
either methyl or ethyl alcohol, one and only one of the acetyl 
groups being replaced by the methyl or ethyl group, the latter 
being introduced at a much slower rate. It is evident, therefore, 
that there is some group present in a particular relation to this 
acetyl group which facilitates the replacement. In an attempt to 
find such a group, a number of acetyl derivatives of comparatively 
simple constitution have been prepared and treated with methyl 
alcohol in this manner, but so far without success. The acetyl 
^oup or groups in acetylphenol, diacetylpyrocatechol, diacetyl- 
resorcinol, diacetylquinol, triacetylpjrogallol, acetylsalicylic acid, 
acetylpropenylguaiacol, acetyleugenol, acetyliaoeugenol, acetylcycto- 
hexanol, penta-acetyl-Z-quercitol, penta-acetylmethylinositol, and 
hexa-acetylmannitol are not replaced in this way. 

As stated by Dunstan and Carr (he. cit.), when pseudaconitine is 
heated above its melting point it loses acetic acid with the formation 
of pyropseudaconitine, which has now been crystallised. The 
operation is best carded out in a vacuum, but it is possible that the 
reaction takes place in more than one way, since a portion of the 
product could not be induced to crystallise. 

The loss of acetic acid can take place in three ways : (a) by the 
removal of acetic acid between the acetyl group and a hydroxyl, 
in which case an ether linkage will be formed; (6) by the removal 
of a hydrogen atom from a neighbouring carbon atom, in which 
case a double bond will be formed ; (c) by the removal of a hydrogen 
atom from a carbon atom in a remote position, with the formation 
of a bridged linkage. Pseudaconitine was shown in the previous 
paper (Zoc. eit.) by indirect means to contain two hydroxyl groups ; 
this is now directly proved by the formation of a diaeetyl derivative. 
In case (a), therefore, only a monoacetyl derivative of pyropseud- 
aconitine should be formed; in cases (6) and (c) pyropseudaconitine. 
should yield a diacetyl derivative, and (6) would probably be readily? 
reduced by hydrogen in the presence of an active catalyst. 
case (a) holds, tetra-acetylpseudaconine, which does not 
a free hydroxyl group, should not lose acetic acid on 
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it does so behave, the aconine obtained from it on hydrolysis should 
be different from that obtained by the hydrolysis of pyropseud- 
aconitizie. As a fact, tetra-acetylpseudaconine on heating does lose 
one molecule of acetic acid with the formation of triacetylpyro- 
pseudaconine, and this on hydrolysis furnishes pyropseudaconine 
identical with the base obtained on hydrolysis of pyropseudaconitine. 
Moreover, on acetylation, pyropseudaconitine yields a compound 
which contains three acetyl groups but has only five methoxyl 
groups, whereas pyropseudaconitine has six. Analysis leaves no 
doubt that the substance has been formed by the acetylation of 
the two hydroxyl groups and the replacement of one methyl by an 
acetyl group. The aconine obtained on hydrolysis of this substance 
is quite different from that obtained from pyropseudaconitine and 
triacetylpyropseudacomne in that all attempts at crystallisation 
have failed, whereas the base from the other sources crystallises 
readily. It is difl&cult to chose between (6) and (c), but, as triaeetyl- 
pyropseudaconine resists catalytic reduction by hydrogen, it is 
highly probable that the loss of acetic acid takes place between the 
acetyl group and a hydrogen atom attached to a remote carbon 
atom, and therefore that a bridged linkage is formed. This would 
cause the carbon atom in question to become asymmetric so long 
as it formed part of a saturated chain or ring, according to some 
such scheme as the following : 

CHj-CO-O-Ov -On 

\-'c- +csb:3-C02H. 

H-i-H 'in 

This view receives support from the specific rotations of pyro- 
pseudaconitine and triacetylpyropseudacomne, which are much 
greater than those of the bases from which they are derived. 

It is interesting to compare these results with those obtained by 
Schulze and Idebner (1916, foe. ciL) with aconitine. According to 
these authors, aconitine, which contains three hydroxyl groups, on 
heating yields pyraconitine by the loss of acetic acid between the 
aceiyl and a hy^oxyl group, with the formation of an ether. The 
evidence for tMs is rather slender, being based on the analysis of 
the gold salt of the acetyl derivative of pyraconitine, which agrees 
with that of a diacetyl derivative, whereas a triacetyl derivative 
would be formed if all the hydroxyls were unchanged by the pyro- 
genous decomposition. A direct estimation of the acetyl groups 
in the acetyl derivative did not give a conclusive result, owing no 
doubt to the too drastic conditions emfdoyed. If Schulze and 
Liebner’s conclurions are correct, they would indicate a considerable 
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difference in the form of combination of the groups concerned in 
aconitine and pseudaconitine. 

The two rather unusual reactions recorded above, viz., the replace- 
ment of acetyl by methyl by boiling pseudaconitine with methyl 
alcohol, and the replacement of a methyl by acetyl in pyropseud- 
aconitine — ^a replacement which does not occur when triaceiylpyro- 
pseudaconitine is treated similarly with acetic anhydride — emphasise 
the necessity for the determination of methoxyl groups and acetyl 
groups in any investigation of the aconitine alkaloids. The only 
Rimilar case which has been found in the literature is the replacement 
of one ethyl group in diethylacetal by an acetyl group (Claisen, 
Ber., 1898, 31, 1018) ; there is no evidence, however, that an acetal 
group occurs in pseudaconitine. 

Although diacetylpseudaconitine is readily formed, it has only 
been found possible to prepare a monobenzoyl derivative. 

Experimental. 

Pyropsmdaconitine . — ^Dry pseudaconitine (5-1408 g.) was heated 
at 220 ° for 10 minu tes in a good vacuum in a tube connected 
through a Volhard trap, cooled with ice and salt, to a pump. It 
lost 0*4286 g. (8*34%), and 0*4222 g. of acetic acid was collected in 
the Volhard trap (calc, for the loss of 1 mol. of acetic acid, 8*7%). 
The acid ciystaJUsed at once on the addition of a trace of solid 
acetic acid, and without purification melted at 15°. The residue 
, in the reaction tube consisted of a brittle, light reddish-brown resin, 
which was powdered, dissolved in 1 % hydrochloric acid, made 
alkaline with ammonia, and extracted with ether. After drying 
over sodium sulphate, the ether left on evaporation 4-65 g. of a 
pale yellow varnish, which was dissolved in 50% aqueous alcohol; 
the substance was then obtained in bundles of colourless, stout 
needles (3*37 g.), m. p. 132—135°, + 175*2° (c == 1*154 in 

alcohol). Pyropseudaconitine is very soluble in the usual organic 
solvents and could only be crystallis^ from 50% alcohol (Pound : 
C, 65-0; H, 7-7; OMe, 28-5; NMe, 3*1, Calc, for O 34 H 4 A 0 N: 
C, 64*8; H, 7-6; 60Me, 29*6; NMe, 4*6%). The remainder of the 
reaction product was only obtained as an amorphous, colourless 
solid and may have been formed according to one of the alternative 
reactions outlined in the introduction (p. 3095). 

Pyropseudaconitine does not react with methyl iodide. 

Hydrolysis. A solution of pyropseudaconitine (4-7 g.) in alcohol^ 
(75 c.c.) was treated with potai^ium hydroxide (4*7 c.e. of 
aqueous solution) and kept for 24 hours. It was then 
with sulphuric acid, filtered from potassium sulphate, and 
with water (50 c.c.) and the sdcohol was removed 
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under reduced pressure on a water-bath. On cooling, a white, 
crystalline solid (1-25 g.) separated ; extraction with ether furnished 
a further 0*1 g. of the same substance, m. p. 187®, which was 
identified as veratrio acid by mixed melting-point determination. 
The aq[ueous mother-liquor was made alkaline with sodium carbonate 
solution and extracted with chloroform. After drying over sodium 
sulphate, the chloroform jdelded on evaporation a light brown 
varnish (3*2 g.), which was dissolved in ether, filtered from a little 
amorphous substance, evaporated to dryness under reduced pressure, 
and redissolved in dry ether ; it then suddenly crystallised in needles. 
After recrystallisation from dry ether, the substance was obtained 
in aggregates of prismatic, faintly brown needles, m. p. 172°, 
[aju + 227*6° (c = 1*217 in alcohol) (Found on substance dried at 
110° in a vacuum: C, 64*4; H, 8 * 6 ; OMe, 26*5; NMe, 4-25, 
^ 25 ^ 3907 !^ requires C, 64*5; H, 8-45: 40Me, 26*7; NMe, 6-2%). 
Pyropseudaconine is very soluble in organic solvents, and in water, 
forming an alkaline solution; an aqueous solution acidified with 
sulphuric acid gave only a faint white precipitate with Mayer’s 
rea^nt, and a slight, brown, sticky precipitate with iodine in 
potassium iodide ; tannic acid, sodium perchlorate, picric acid, and 
platinic chloride do not produce precipitates. Gold chloride gives 
a slight yellow cloudiness. 

AcGtylcdion. Pyropseudaconitine ( 3*6 g.) was boiled under reflux 
for hours with acetic anhydride (15 c.c.). The solution was 
evaporated to dryness, and the residue dissolved in alcohol and , 
again evaporated to dryness, the evaporation with alcohol being 
repeated three times. The product was then again dissolved in hot 
alcohol; on cooling, the compound separated in colourless prisms, 
m. p. 228°, -f 28*4° (c = 0*637 in chloroform) [Found in 
substance dried at 120° in a vacuum : C, 63*4, 63*3 ; H, 7*2, 7*05 ; 
OMe, 21 * 2 ; NMe, 2-3 ; acetic acid (see below), 23*4. 
requires C, 63*1; H, 6*9; 50Me, 20*9 ; NMe, 3*9; SGHj-COgH, 
24-3%]. It is evident, therefore, that the substance is 
efeweiAyZpyrqpsetidaconiiine, formed by the replacement of a methyl 
by an acetyl group and the acetylation of two hydroxyl groups. 

Eydrolysis of Tnacetyld^meii/ylpyTopse^ — Dry, finely 

powdered triacetyldemethylpyropseudaconitine (1*9699 g.) was sus- 
pended in 150 C.C. of neutral alcohol, potassium hydroxide (2 c.c. 
of 50% aqueous solution) added, and the mixture kept at room 
tempeasfcture for 24 hours. The clear solution was then exactly 
neutralised with sulphmie acid, sufficient water added to dissolve 
the precipitated potassium sulphate, and the alcohol removed in a 
current of steam generated from freshly-boiled distilled water free 
|rom carbon dioxide. The solution was acidified with sulphuric 
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acid and steam-distilled, and the distillate titrated with N / 2 -sodimn 
hydroxide and phenolphthalein. The volatile acid required 14*7 c.c. 
of 0'52i8^-sodiuia hydroxide, equivalent to 23'36% of acetic acid, 
which was identified by analysis of the silver salt (Found : Ag, 
63-7. Calc. : Ag, 64*7^o). The residue from the steam distillation 
was extracted with ether (which furnished veratric acid, identified 
as described above), made alkaline with sodium carbonate, and 
extracted with chloroform. The chloroform after drying gave a 
colourless varnish (14 g.) on evaporation. This was dissolved in 
hot dry ether: the filtered solution slowly deposited a white, 
amorphous solid. On heating, the compound effervesces at about 
90®. It has only been obtained in an amorphous condition, even 
after the addition of a trace of crystalline pyropseudaconine. Like 
pyropseudaconine, it gives only faint precipitates with Mayer’s 
reagent and iodine in potassium iodide solution and does not form 
crystaUme salts or yield precipitates with such reagents as sodium 
perchlorate, picric acid, platinic chloride, and tannic acid. It is 
very soluble in water, forming an alkaline solution, and in most 
organic solvents. From hot benzene it separates in an amorphous 
condition. A determination of methoxyl in a specimen which had 
separated from benzene and had been dried first in a desiccator, 
then at 70®, and finally at 90® in a vacuum, supports the view that 
the compound is a demethylpyropseiuiaconine (Found : OMe, 18^9 ; 
NMe, 3-65, C 24 H 37 O 7 IT requires 30Me, 20-6; NMe, 64%). This 
is as near to the theoreticakfigure as is to be expected on amorphous 
material. 

Tri(i(^tylpyropsmddcohine, — Tetra-acetylpseudaconine (6*6332 g.) 
(Henry and Sharp, this voL, p. 1112) was heated at 240® for 10 
minutes in the manner described for the preparation of pyropseud- 
aconitine (p. 3097), A vigorous evolution of acetic acid took place, 
the loss in weight being 0*6336 g. (9*47%. Calc, for 1 mol. of acetic 
acid, 9 * 22 %). The residual pale yellow resin was powdered, dis- 
solved in 1 % hydrochloric acid, and made alkaline with ammonia, 
and the base extracted in ether. The residue left on evaporation 
of the solvent was dissolved in 50% alcohol ; it was then obtained 
in colourless, six-sided plates (4*68 g.), m. p. 156 — 168®, [a]D + 156*4® 
(c = 1-202 in alcohol), + 166*6® (c == 0*709 in alcohol) (Found: 0, 


63*05, 63*0; H, 7*7, 7*7; OMe, 20*3; NMe, 3*7; acetic acid, 31*1. 
C 31 H 45 O 1 QN requires 0, 62*9; H, 7*7; 40Me, 21*0; NMe, 4*9; 
3 CH 3 *C 02 H, 30*45%). The base is very soluble in ether when; 


freshly precipitated from a solution of a salt, and is readily solul] 
in alcohol, benzene, chloroform, and ethyl acetate. It 
yield crystalline salts. The acetyl groups were esjbim^^l^^P 
hydrolysis with alcoholic pota^ium hydroxide as 
^ 5k2 
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triacetyldemethylpjTopseudaconitine* TJke residue from the steam- 
distillation was cooled, made alkaline with sodium carbonate, and 
extracted with chloroform. The chloroform on evaporation yielded 
a pale brown vamish, which, after solution in ether, was obtained 
in stout, prismatic needles,, m. p. 173 — 174°, [a]i> + 230-1° (c = 1*12 
in alcohd). A solution of the base acidified with sulphuric acid 
gave a faint white precipitate with Mayer’s reagent, a slight, brown, 
pasty precipitate with iodine in potassium iodide solution, and no 
precipitate with picric acid, tannic acid, sodium perchlorate, or 
platinic chloride. Auric chloride caused a slight yellow cloudiness. 
A mixed melting-point determination with pyropseudaconine ob- 
tained by the hydrolysis of pyropseudaconitine showed no depres- 
sion, The products obtained by the hydrolysis of either pyro- 
pseudaconitine or triacetylpyropseudaconine are thus identical. 

In order to test whether a double bond had been introduced into 
the molecule in the splitting off of acetic acid, triacetylpyropseud- 
aconine (0-5 g.) was dissolved in alcohol (20 c.c.), and shaken with 
hydrogen under 3 atmospheres pressure with the addition of an 
active palladium-barium sulphate catalyst (0*1 g.) for 2 hours ; no 
hydrogen was absorbed. The catalyst was filtered off, the filtrate 
evaporated to dryness, and the residue dissolved in 50% alcohol; 
unchanged triacetylpyropseudaconine then crystallised in character- 
istic six-sided plates, m. p. 155 — 158° (yield, quantitative). 

Aciim of HeeU on Pseudaconine . — ^It was thought that pseud- 
aconine, on being strongly heated, might lose water with the form- 
ation of pyropseudaconine. A quantity of the base crystallised 
from acetone was therefore placed in a weighing bottle in the 
apparatus described above and heated at 120 — 130°. The com- 
pound frothed with loss of 1 mol. of acetone, which was collected 
in water and identified by conversion into iodoform (Found : loss 
at 120 — 130°, 10-4. requires loss, 10-7%). The 

temperature was raised to 150° and then by successive rises of 10° 
to 210°, at which temperature the first loss in weight was observed. 
At this temperature also a ring of varnish collected on the cooler 
part of the reaction tube and the substance began to darken ; it 
was evidently beginning to distil (with slight decomposition), since 
pseudaeonine was recovered from the heated substance in a yield 
of 00%. 

Veroiroffime^iylpseu^ — ^Pseudaconitine (5 g,) was heated 

in a sealed tube at 130° for 6 hours with 35 c.c. of methyl alcohol. 
The akohol was removed and the residue was dissolved in 1% 
hydrochloric acid, made alkaline with sodium carbonate, and 
extracted with ether. The ether soon began to deposit crystals; 

was, however, found convenient to distil the ether and convert 
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the residue (o g., not completely dried) into the hydrobtomide, 
which separated from water in colourless crystals containing IHgO, 
m. p. 237—238® (with efferv.), [a]© + 2-15® (c = 2-09 in water) 
(Found: loss at 120® in a vacuum, 2-6. 

requires loss of IHgO, 2-4%. Found on anhydrous substance : C, 
56*3, 56*0 5 Hj 7*0, 6-8 j 1*9 j OlVle, 28-7o5 ^^le, 2*55^ 11*1. 

CggHgiOiiN^HBr requires 0, 56-6; H, 7*1; N, 1*9; 70Me, 29*3; 
NMe, 3-9; Br, 10-8%). The ftase, prepared from the purified 
hydrobromide, crystallised from 50% alcohol in colourless prisms, 
m, p. 206 — ^207®, [oc]d + 29-8® (c = 1-12 in alcohol) (Found on 
substance dried at 120® in a vacuum : C, 63-7 ; H, 7-9 ; OMe, 33-0 ; 
NMe, 2-8. C35H51O11N requires 0, 63-5; H, 7-8; 70Me, 32*9; 
!SMe, 4-4%). The hydrochloride crystallised from alcohol-ether in 
hard, hemispherical aggregates of colourless needles, m. p. 249 — 250® 
(decomp.), [aji, — 3*41° (c = 5-43 in water), + 0*38® (c = 2*62 in 
alcohol) (Found : Cl, 5*1. C35H5iOiiN,HCl requires Cl, 5*1%). 

Acetylcdim. (a) Acetic anhydride, Veratroylmethylpseudaconine 
(2 g.) was boiled under reflux for an hour with acetic anhydride 
(10 C.C.). Excess of the reagent was distilled off, the residue dis- 
solved in 1% hydrochloric acid, and sodium perchlorate solution 
added in excess. The white precipitate was washed well with water 
and dried in a desiccator (2-2 g. ) . After crystallisation from absolute 
alcohol, the percMorate was obtained in stout, colourless needles, 
m. p. 240 — ^242® (Found on substance dried at 110® in a vacuum : 
OMe, 26-9; NMe, 2-2. 037H530x2N,HC104 requires 70Me, 27-0; 
NMe, 3-6%). Acetyl groups were estimated in the manner already 
described (p. 3098), but owing to the sparing solubility of the salt 
more alcohol was required (300 c.c. for 0-7 g.) and the mixture was 
kept for 40 hours (Found : acetic acid, 8-5. C37H530i2N,HC104 
requires for 1 mol. of acetic acid, 7-6%). The substance is therefore 
a momacetylverafroylrmthyl^sevdacomne perchlorate. The mother- 
liquor from the steam distillation of the acetic acid was extracted 
with ether, which removed veratric acid (0*17 g.), made alkaline 
with ammonia, and extracted with chloroform. The chloroform 


furnished on evaporation a light brown varnish (0-5 g.), which was 
not obtained crystaUine but must have been methylpseudaconine. 
It was very soluble in water and in most organic solvents and did 
not give any crystaUine salt. 

The formation of a monoacetyl derivative was unexpected in 


view of the fact that pseudaconitine contains two hydroxyl groups, 
which should have remained intact in the replacement of an 
by a methyl group. A diacetyl derivative was, however, obtai^r' 
by acetylation with acetyl chloride. ^ 


(b) Acetyl chloride, Veratroylmethylpseudaconine 
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boiled under reflux for an hour with acetyl chloride (12 c.c.). 
Excess of the reagent was evaporated, and the residue dissolved in 
water and made alkaline with ammonia ; the white precipitate 
which formed was washed well with water and dried. After crystal- 
lisation from absolute alcohol 

was obtamed in colourless needles or compact crystals ( 2-2 g.). 
Either form melts at 160®, resolidifies after a time, and then remelts 
at 196® ; [a]i> + 18-43° in chloroform (c = 1-248) (Found on sub- 
stance dried at 120° in a vacuum : OMe, 28-65 ; NMe, 2 - 1 ; acetic 
acid, 16-5. requires 70Me, 29-1 ; NMe, 3-9 ; 2 CH 3 -C 02 H, 

16- 1 %). Methylpseudaconine and veratric acid were recovered from 
the mother-liquor from the determination of acetyl groups in the 
manner described under monoacetylveratroylmethylpseudaconine 
(see above). 

Triacetylmeihylp8eud(ic(mi7i€. — ^Tetra-acetylpseudaconme (2 g.) 
was heated in a sealed tube at 130° for 5 hours with methyl alcohol 
(25 c.c.). The product, which crystallised on cooling, separated 
from alcohol in colourless needles, m. p. 280 — ^282®. The melting 
point varies with the rate of heating. Yield, 1*65 g., [ajo — 18-5° 
(c = 0*766 in alcohol) (Found : C, 61-7 ; H, 7-9 ; OMe, 24-8 ; NMe, 
3*7. G 32 H 49 O 13 LN requires C, 61-6; H, 7-9; 60Me, 24*9; NMe, 
*4-7%). Crystalline salts could not be obtained. 

Trmcetylethylpseitdaconine. — ^In the first preparation of tetra- 
acetylpseudaconine (this vol., p, 1112 ) the compound was crystallised 
from ethyl alcohol and during the crystallisation to constant melting 
point and rotation small crops with a higher melting point and 
higher rotation were obtained. After a long and tedious fraction- 
ation involving more than 40 fractional crystallisations, a quantity 
of material was obtamed whose melting point (171°) and rotation 
(Wd — 26-17° in alcohol, c = 1-023) were unaltered on subsequent 
recrystallisations ; this on analysis proved to be triacetyUthylpseud^ 
aconine. An attempt was made to prepare this compound in a 
simpler manner by heating tetra-acetylpseudaconine (2 g.) in 
a sealed tube at 120° for 47 hours with 25 c.c. of absolute alcohol. 
The product crystallised on cooling. After reorystallising twice 
from ethyl alcohol, 0*5 g. of colourless needles, m. p. 171°, [a]® — 26° 
in alcohol (c = 0*98), were obtained, identical with the compound 
obtained in the fractional crystallisation of tetra-acetylpseudaconine. 
Subsequent crops of crystals consisted of mixtures of the two 
compounds (Found: 0, 62-1; H, 8 * 2 ; N, 2 * 2 ; OMe, 24*0; NMe, 
3*1. C^Hg^OiiN requires C, 62*1; H, 8 * 1 ; N, 2-2; 40Me + OEt 
calc, as 50Me, 24-3; NMe, 4*56%). Crystalline salts could not be 
obtained. 

S^dysia, Triacetylelliylpseudacomne (3*0640 g.) ms dissolved 
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in 400 c.c. of alcohol, 50% aqueous potassium hydroxide (3 c.c.) 
added, and after 40 hours the acetic acid was determined in the 
usual manner (p. 3098). The steam distillate required 28-5 c.c. of 
0'5218^-sodium hydroxide : acetic acid, 29*1%. ^331153^013^1^ re- 
quires for 3 mols. acetic acid, 28*3%. The residue from the steam 
distillation was made alkaline with sodium hydroxide and extracted 
with ether, which removed the ethylpseudaconhie, obtained on 
evaporation of the solvent as a viscous syrup w'hich did not crystal- 
lise. It is very soluble in water to an alkaline solution and in most 
organic solvents. Its salts are very soluble in water and were not 
obtained crystalline. An aqueous solution of a salt gives a white 
precipitate with Mayer’s reagent, but no precipitate with picric 
acid, sodium perchlorate, sodium thiosulphate, or with mercuric, 
platinic, or auric chloride. 

Actimi of Heat mi Verairoylmethylpsevdaconine. — ^Veratroylmethyl- 
pseudaconine was dried at 150® in a vacuum and then heated at 
220 — 230® in the mamier described for the preparation of pyro- 
pseudaeonitine. The substance lost 1-3% in weight, darkened con- 
siderably, and was dissolved in 1% hydrochloric acid and fractionally 
precipitated by ammonia. The first precipitate carried with it all 
the colour. The subsequent fractions were colourless and on 
crystallisation from 60% alcohol were identified as unchanged 
veratroylmethylpseudaconine. The first fraction after purification 
as hydrobromide was also recognised as the same substance. 

On heating the hydrochloride in a similar fashion at 260® for 10 
minutes and passing the vapoura through Volhard traps containing 
in the first water and in the second standard acid, the following 
results were obtained : {a) A very small amount of sublimate on 
the cooler part of the reaction tube. This was soluble in water to 
an acid solution, which gave with ferrio chloride a green colour 
changing to red on the addition of sodium bicarbonate solution. 
It is probably a pyrocatechol derivative formed from the veratroyl 
group, (b) The water wash-tubes contained hydrochloric acid and 
methyl alcohol; the latter was identified in the usual manner by 
conversion into formaldehyde with hot copper and colour reactions 
with resorcinol and with gallic acid, (c) The standard acid was 
unchanged. The reaction tube had a strong, fishy smell, but no 
base could be isolated; the residue was dark brown, insoluble in 
water and sodium hydroxide, and partly soluble in dilute hydro- 
chloric acid. Only tarry products were obtained from it. 

Emulation of PsevdaconUine, — ^Pseudaconitine (1-0 g.) w» 
heated on a water-bath for an hour with benzoyl chloride 
The product was shaken for some time with ether and 
aqueous layer run off, and the ether extracted once with, ^ 
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chloric acid and once with water. These two extracts were added 
to the first aqueous layer and the whole was extracted with ether. 
This extract was added to the main ethereal extract ; on evaporation 
a mixture of benzoic acid and benzoyl chloride was obtained. The 
aqueous extract was warmed and agitated to remove dissolved 
ether, cooled, and treated with excess of sodium perchlorate solution. 
The precipitated perchlorate was washed well with water, dried in 
a desiccator, and crystallised from absolute alcohol. It formed 
confused colourless prisms, m. p. 236® (efferv.). Yield, 0-75 g. 
There remained an uncrystaUisable residue (Found : OMe, 21 * 1 , 
21*0; IJMe, 2*05, 1-8. 04311550131 ?, HOIO4 requires 60Me> 20-8; 
NMe, 3-25%), The acetyl and benzoyl groups were estimated 
together by cold hydrolysis with alcoholic potassium hydroxide, 
followed by steam distillation and titration of the volatile acids 
[0-7434 g. of substance yielded volatile acid equivalent to 3*1 c.c^ 
of 0*o218i?’-sodium hydroxide : volatile acid, 13-05 (calc, as acetic). 
C 43 H 550 i 3 N,HC 104 requires volatile acid (1 acetic +• 1 benzoic acid 
calc, as acetic), 13-4%]. The acids were separated and identified 
by evaporation of the neutralised steam distillate to a small volume, 
acidification, and extraction with much light petroleum (b. p. 
90 — 120°), w’hich removed the benzoic acid and left the acetic acid 
in solution. The petroleum extract w^as shaken with sodium 
hydroxide solution, and the alkaline liquid acidified and extracted 
with ether, which furnished 0-1 g, of benzoic acid on evaporation, 
identified by its melting point (after sublimation), 121 — 122 °, its 
smell, and the smell of ethyl benzoate obtained on warming it 
with alcohol and sulphuric acid. The acid mother-liquor from the 
petroleum extract was neutralised with sodium hydroxide, evapor- 
ated to dryness, and extracted with alcohol to dissolve the sodium 
acetate. The alcohol was evaporated, the sodium salt dissolved in 
water, and the silver salt precipitated by silver nitrate (Found : 
Ag, 63-3. Calc, for CHg-COgAg : Ag, 64-7%). The residue from 
the steam distillate was extracted with ether (which gave veratric 
acid), made alkaline with sodium hydroxide, and extracted with 
chloroform. The latter, on evaporation, left a varnish, from which 
pseudaconine was obtained on crjrstallisation from acetone, m. p. 
92 — 94°, [a]i> + 36-2°. The benzoylation product is therefore mmo- 
bmwylpmudcbomiiim perchlorate. The base was prepared from the 
purified perchlorate by treatment in alcoholic solution with an 
alcoholic solution of potassium acetate, but it was not obtained 
crystaffine, nor could any other crystalline salt be obtained. 

Acetyh^wn of Psevdaconitine . — ^Pseudaconitine (2 g.) was boiled 
under reflux for an hour with 8 c.c. of acetyl chloride, the excess 
of the reagent distilled off, and the residue dissolved in waters 
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made alkaline mth ammonia, and extracted mth ether. The 
ethereal solution, without drying, deposited crystals ; it was evapor- 
ated and the crystalline residue recrystallised from alcohol; the 
acetyl derivative was then obtained in colourless, stout needles, 
m. p. 229® (decomp.), [stjo + 24-0® in chloroform (c = 1*00). Yield 
of pure substance, 1*7 g, (Found on substance dried at 120° in a 
vacuum : OMe, 23*6; NMe, 2-1. C 40 H 55 O 14 N requires 60Me, 24-1; 
Nile, 3*75%). Acetic acid was determined in the usual manner 
(p. 3098), 50% sodium hydroxide solution, however, being used in 
place of potassium hydroxide and sufficient water added to dissolve 
the sodium hydroxide. This is preferable to using potassium 
hydroxide, as there is less danger of the presence of carbonate 
(0*7944 g. gave acetic acid equivalent to 5*95 c.c. of 0*5218iV-sodium 
hydroxide : acetic acid, 23*5. C 40 H 55 O 14 N requires SCHg’COgH, 
23*3%). Veratric acid and pseudaconine were recovered from the 
residue from the steam distillation as described under benzoyl- 
pseudaconitine. The compound is therefore diacetylpsevdaconitine 
and its formation directly proves the presence of two hydroxyl 
groups in pseudaconitine which was previously indirectly shown by 
the formation of tetra-acetylpseudaconine (this voL, p. 1112 ). The 
salts of diacetylpseudaconitine were only obtained in an amorphous 
condition. 

A was obtained (as perchlorate) in small 

yield, together with much amorphous material, by working in 
pyridine solution. Pseudaconitine (1 g.), dissolved in dry pyridine 
(6 C.C.), was well cooled with ice and salt and acetyl chloride (0*5 c.c.) 
was added carefully drop by djop. Pyridine hydrochloride separ- 
ated. The reaction vessel was stoppered and kept over-night, the 
solution slowly becoming pink. The product was then poured into 
water (50 c.c.), and the opalescent solution distilled with steam to 
remove most of the pyridine. After cooling, the solution was 
treated with sodium perchlorate and the precipitate was washed 
with water, thoroughly dried, and crystallised from absolute 
alcohol. The salt was then obtained in small prisms which efflor- 
esced on exposure to air, m. p. 225 — ^228° (efferv.) ; yield, 0*65 g. 
(Found on substance dried at 120° in a vacuum : acetic acid, 16*3. 
C 33 H 5303 t 3 N,HC 104 requites for 2 CH 3 *C 02 H, 14-4%). Veratric acid 
and pseudaconine were recovered from the mother-liquor from the 
hydrolysis. The base is amorphous. 

Beduction of Pseudaconitine , — ^Attempts were made to reduce 
pseudaconitine with hydrogen under pressure in the presence of 
active palladium-barium sulphate catalyst, the sulphate 
in aqueous solution and the base in alcoholic solution. 
experiment was successful, the alkaloid being recovered 
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A similar result was obtained with the base in alcohol, Adams’s 
platinum oxide catalyst and a trace of ferric chloride being used 
(“ Organic Syntheses/’ voL 8, p. 92). 

The author desires to thank Dr. T. A. Henry for his kind advice 
and criticism, and Mr. H. C. Clarke for his assistance in the prepar- 
ation and analysis of the products described. 

Wellcome Chemical Keseahoh Labobatobzes, 

London, E.C. 1. [Seceiuetf, October 1928.] 


CCCCVI . — The Action of Bromine on Strontnm Oxide 
and its Hydrates. 

By Hoeace Baeeatt Dunkiclief, Habnam Das Suei, and 
Kishen Lal Malhotea. 

The action of halogens on slaked lime was studied by Wilks (J., 
1912, 101, 366), and we now describe the action of bromine both 
as vapour and as a solution in carbon tetrachloride on strontium 
oxide and its hydrates. 

The Action of Bromine on Anhydrous Strontium Oxide. — Merck’s 
pure strontium oxide was used. Pure carbon tetrachloride (Kahl- 
baum) was distilled over calcium chloride ; and bromine was purified 
by a modification of Brauner’s method (J. Amer, Chem. Soc.^ 1920, 
42, 921). After exposure to bromine vapour for some days, stron- 
tium oxide adsorbed about 1% of its weight of bromine, giving a 
pale dirty-brown product containing a few scarlet specks. The 
same proportion of bromine is adsorbed under identical conditions 
by dry, powdered silica. Strontium oxide shaken with a 2% 
solution of bromine in carbon tetrachloride for 48 hours took up 
1-5% of its weight of bromine, as determined by loss of bromine 
from the solution. In both cases the solid lost the adsorbed bromine 
on exposure to the air, so chemical action had not taken place. 

The Action of Bromine on Strontium Hydroxide Monohydre ^, — 
Kahlbaum’s strontium hydroxide octahydrate was recrystallised 
in a carbon dioxide-free atmog)here (Pound : SrO, 39*15. Calc. : 
SrO, 39*06%). The powdered octahydrate was extracted with 
alcohol {b. p. 78*2®/742 mm.) in a Soiiilet apparatus under 160 — 
170 mm. pressure for 10 hours : this is a new method for the pre- 
paration of strontium hydroxide monohydrate (Pound : SrO, 73*87. 
Calc. : SrO, 74*21%). When the monohydrate is exposed to excess 
of bromine vapour, it yields a dark brown substance which resembles 
brom-bleaching powder (Wilks, Zoc. eft.), and from which carbon 
tetrachloride extracts some bromhie. When this substance is kept 
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in a closed vessel, the brown colour gradually disappears, 
giving a pale yellow substance which yields no bromine to carbon 
tetrachloride. Quantitative action was not observed, but in a 
typical sample exposed for 12 days to the action of bromine vapour 
and then set aside in a large empty vessel until the colour was 
pale yellow 77% of the hydroxide had been attacked, giving, on 
solution in water, bromide (2-2 mols.) and hypobromite (1 mol.) ; 
bromate was absent. When exposed to moist air, the substance 
becomes pasty and finally contaios bromide and bromate, but no 
hypobromite. 

To investigate the nature of the reaction between carbon tetra- 
chloride solutions of bromine and strontium hydroxide mono- 
hydrate, quantities of 1 g. of the hydroxide were shaken with 
bromine solutions in a thermostat at 20® for 24 hours. The liquid 
was then filtered from the solid, special precautions being taken to 
avoid loss of bromine, and the amount of bromine remaining in 
the solution was determined volumetrically. In Table I, c and 
(c— aj) show respectively the initial and final concentrations of 
bromine (mg. per 100 c.c. of solution), x mg. therefore reacting 
with 1 g. of the hydroxide. 


Table I. 

Action of Bromine in Carbon Tetrachloride Solution on Sr(0H)2,H20. 


[x - 450) 


c. 

(e - *). 

X, 

log (e — a?). 

log®. 

log (a? — 450). 

[c — a?)J 

450 

Traces 

450 

— 

. — 



473 

6 

467 

0-778 

2-669 

1-230 

— 

574 

15 

559 

M76 

2-747 

2-037 

44 

695 

110 

585 

2-041 

2-767 

2-303 

42 

951 

239 

712 

2*378 

2-853 

2-415 

42 

1219 

427 

792 

2-630 

2-891 

2-534 

45 

1515 

716 

799 

2-855 

2-903 

2-643 

39 

1838 

1025 

812 

3-011 

2-910 

2-559 

36 

2949 

2137 

812 

3-330 

2-910 

2-559 

— 


When (c— ») is plotted against a;, a curve suggesting adsorption 
is obtained which cuts the axis at a? =460 mg., and if log (c— a:) is 
plotted against log {x — 450), the points lie practically on a straight 
line. It therefore appears that a very rapid chemical action takes 
place in which 0'46 g. of bromine reacts with 1 g. of the hydrate 
in the molecular proportion Brg : Sr(0H)2,H20 = 1 : 2-6. After 
that, the resulting mixture adsorbs bromine until, at high con- 
centrations, 1 mol. of the hydroxide has re^Ccbed with a maximum 
of 0-7 mol. of bromine : it is not possible to wash this 
completely free from bromine. The substance obtained by 
cation to constant weight was analysed for bromine, 
hypobromite, and bromate by Dehn’s method (J. Afls 
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8oc., 1909, 31, 525), and strontium was determined as sulphate 
(Found ; Sr, 32-36 ; Br, extracted hy CCI4, traces; Br, as bromide, 
36-10; as hypobromite, 4-54; as bromate, nil). The bromide and 
hypobromite correspond to 61-3% of the strontium present. Thus, 
when treated either with bromine vapour or with bromine in carbon 
tetrachloride, strontium hydroxide monohydrate gives appreciable 
amounts of hypobromite. Reference to the action of bromine on 
the octahydrate (below) shows that, when greater quantities of 
water are present, the hypobromite is decomposed almost as quickly 
as it is formed. 

The Action of Bromine on Strontium Hydroxide Octahydrate . — 
When strontium hydroxide octahydrate was exposed to bromine 
vapour, a yellow, gelatinous mass containing droplets of water was 
formed. After standing in a vacuum desiccator for 48 hours, it 
contained 37-51% of bromine as strontium bromide and 8*89% as 
bromate ; hypobromite was absent. These results give a calculated 
value for strontium as bromide and bromate of 25-40%, whereas 
the proportion of strontium actually found was 25-16%. Hence 
the reaction is quantitative. 

When first exposed to a solution of bromine in carbon tetra- 
chloride, strontium hydroxide octahydrate turns brown. In the 
dark or in daylight the colour gradually fades, and a flocculent 
mass containing droplets of water is formed. After several weeks, 
colourless, needle-shaped crystals are found on the sides of the 
vessel and extend far above the level of the solid phase. These 
crystals (roughly dried, m. p, 92®) are strontium bromide con- 
taminated with a little bromate and water; their formation is 
accelerated by insolation. 

In order to determine the time taken for the completion of the 
reaction, powdered strontium hydroxide octahydrate (1 g.) was 
shaken in a number of bottles at 20® with 100 c.c. of a solution of 

1- 594 g. (19-93 mg.-equivs.) of bromine in carbon tetrachloride for 
various intervals of time, and the loss of bromine from the liquid 
phase determined volumetrically. The results (Table IL) show that, 
at first, a rapid chemical reaction with 200 mg. (2-50 mg.-equivs.) 
of bromine takes place. This is followed by a slower reaction, as 
shown by the increase in the value of x (mg.-equivs. of bromine 
consumed) with time (t, in hours), and if allowance be made for the 

2- 60 mg.-equivs. of bromine used in the primary reaction, a uni- 

moleeular velocity coefficient (i) is obtained for the first hour of 
the second reaction; thus, a being the original concentration of 
bromine (19*93 mg.-equivs. per 100 c.c.), = a— 2*60 = 17-43, 

and putting x^=:x — 2-50, we have ife == 1/^ . log — x^). By 
application of the method of calculation given by Dunnicliff and 
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Butler (J., 1921, 119, 1384), the preliminary reaction is found to 
be equivalent to the change which would have taken place in 
1 hour if the unimolecular reaction had proceeded smoothly from 
the start, for, by adding 1 hour to the observed time and using the 
actual values for bromiae concentration and amount of bromine 
taken up, we obtain = l/(^ + 1) . log a/(a — x), the values of 
which are also shown in Table 11. (This time-correction varies 
with the temperature of reaction and the concentration of the 
solution.) The final result of the reaction is a quantitative yield 
of strontium bromide and bromate {vide infra). 


Table II. 


The Action of Bromine in Carbon Tetrachloride on Sr(0H)298H20. 


i 

.... 0-000 

0-083 

0-25 

0-50 

0-75 

]-00 

2-00 

5-00 

24-00 

a* 

.... 2-50 

2-71 

3*16 

3-73 

4-29 

4-75 

6-00 

7-20 

7-48 



.... 0-00 

0-21 

0-66 

1*23 

1-79 

2-25 

3-50 

4-70 

4-98 

k X 10^ 

.... — 

636 

632 

636 

628 

600 

487 

273 

— 

k. X 10« 

.... 682 

578 

600 

600 

602 

591 

518 

325 

— 


Effect of the Concentration of the Bromine Solution. — Strontium 
hydroxide octahydrate (1 g.) was placed in 100 c.c. of solutions of 
bromine in carbon tetrachloride of various strengths for 24 hours at 
20°. In dilute solutions the whole of the bromine was taken up, but 
in concentrated solutions the solid gelatinised and droplets of water 
were observed on the surface of the liquid. The original and final 
(equilibrium) concentrations of bromine and the differences were : 


Cone, of bromine, 
g. per 100 c.c. 


Cone, of bromine, 
g. per 100 c.c. 


Original. 

Final. 

Dm. 

Original. 

Final. 

Dm. 

0-391 

0-000 

0-391 

0-895 

0-313 

0-6821 

0-48S 

0-013 

0*475 

1-667 

0-969 

0-608 

0-527 

0-020 

0-507 

1-771 

1-199 

0-572 

0*623 

0-085 

0*638 

2-550 

1-946 

0-604 

0-786 

0-224 

0-562 

2-925 

2-302 

0-623 


Mean ss 
0>598 


Thus, 1 g. of Sr(0H)2,8H2O (0*390 g. of SrO) reacts with 0-598 g. 
of bromine, or SrO : Brg = 1 : 1-007, the proportion required for 
equimolecular quantities of strontium bromide and hypobromite. 

The hypobromite formed in the earlier stages of the reaction was 
estimated by treating the solid phase (washed free from bromine 
by carbon tetrachloride) with ammonia in a Lunge nitrometer, and 
measuring the nitrogen evolved. The relationship between the 
hypobromite content (in terms of nitrogen) and the time of exposure 
of 1 g. of the octahydrate to a 1% solution of bromine in carboi^,. 
tetrachloride at 20° was : ^ 


Time, hours 0-25 0-50 1-00 2-00 4-00 

Nitrogen {c.c, at N.T.P.) ... 7-75 8-6 9-35 12-1 8-25 


6 - 00 "^ 
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Prom this it is concluded that the hypobromite is formed and 
decomposed almost immediately, but that, up to 2 hours, the rate 
of formation exceeds the rate of decomposition. At the end of 
the reaction, h^rpobromite is negligible or absent. 


Table III. 


Temperature, 15 — 17®. 


Oqqc. o£ Br, 

'..■R.. ATT O 5 


Wat^, %, 

Strontium, %, 



'^Ponnd. *C!alc. 

Found. 

* Gale. 

ide: bromate. 

1-5 

76-68 

20-14 

22-92 24-29 

24-43 

23-73 

3-86 

2-0 

77-56 

21-01 

24-30 24-60 

24-29 

24-20 

3-76 

2-0 

80-72 

20-03 

23-44 25-51 

24-49 

24-74 

4-10 



Temperature, 32 — 33®. 




1-5 

76-79 

20-74 

— 24-35 

24-92 

23-94 

3-76 

3-0 

79-54 

20-48 

— 25-18 

24-80 

24-56 

3-95 

3-6 

80-56 

19-42 

— 25-43 

— 

24-55 

4-21 


* From columns 2 and 3. 


The gelatinous residue from each of several experiments Tras left 
in a desiccator until its weight was constant and then analysed. 
The vapour pressures of the crystalline bromide and bromate are 
low, and the water content ot the final product, as found by heating 
with lead chromate in a current of dry air, is within reasonable 
agreement with the value (Table III, col. 6) found by calculation 
from the water of crystallisation of the salts (Table III, cols. 2 
and 3). If, as these results indicate, the preliminary formation of 
equimolecular quantities of hypobromite and bromide is followed 
by the rapid decomposition of the hypobromite into bromide and 
bromate, one would expect the final proportion of bromide to 
bromate to be 5:1. Our ratio is uniformly lower and suggests 
that, in the presence of sufficient water, the excess of bromine 
oxidises some of the hypobromite to bromate direct (compare 
Dietzel and Schlemmer, Z. ammg, Chem,, 1925, 146, 381). The 
following results, obtained by treating equal quantities of strontium 
hydroxide octahydrate with a 3% solution of bromine in the dark 
and in sunlight for 8 hours, show that the formation of bromate is 
favoured by insolation, and the values in the last two columns 
show that the reaction is quantitative : 


Ihsaiffight . 
In the dark. 


Strontium, %, 

Br as bromide, Br as bromate, , — 


%■ 

%. 

Found. 

Calc. 

34-88 

9-66 

24-69 

24-39 

37-78 

7-04 

24-82 

24-54 


The Actkm of Iodine on Strontium Oxide and its Hydrates . — 
Kama Krishna Bahl has carried out a similar series of experiments 
with iodine. There was no action with strontium oxide. With 
the monohydiated hydroxide, the interaction was small and the 
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results were inconclusive. The analyses by Schulek’s method (Z, 
amL CAem., 1925, 67, 142) of the samples obtained by exposing 
the octahydrate to the action of 5% iodine in carbon tetrachloride 
for 5 days at 20° are given in Table IV. The reaction proceeds 
slowly and is not quantitative. The samples marked a were 

Table IV. 


The Action of Iodine in Carbon Tetrachloride Solution on 
Sr(0H)2,8H20. 






Mol. ratio. 

Srlj, %. 

Sr(IOh, %. 

Sr(I03h, %. 

SrO, %. 

iodide : iodate. 

a o4*41 

3-12 

14-23 

6-4S 

5-0 

a 55-56 

2-58 

10-45 

6-09 

6-9 

48-14 


13-21 

18-11 

4-77 

54*96 

0-41 

15-56 

6-87 

4-63 

51-06 



12-71 

17*32 

6-26 

52-27 

— 

16-15 

9-98 

4*23 


analysed immediately on dissolving in water, and the hypoiodite is 
probably due to the action of adsorbed iodine on free strontium 
hydroxide in solution. The other samples were analysed after 
being left in a desiccator until friable. The product was very 
hygroscopic. 

Govebnmekt College, Punjab University, [Received, April 4<fe, 1927. 

Lahore, India. Revised, September Qtk, 1928.] 


CCCCVII . — Sdective Solvent Action. Pa/rt YII. Sdlu~ 
hilities in Mixed Solvents. 

By Noea Gbegg- Wilson and Robbet Weight. 

Sevebal cases are known of increased solubility in mixed solvents, 
even when the solute is only slightly soluble in one constituent 
(HoHeman and Antusch, Rec. trav, chim,, 1894, 13, 277 ; Anglescu 
and Dumitreseu, Z. physilcaL Chem., 1928, 132, 127). Solutes 
which show this behaviour are generally of a complex character, 
and this suggests a possible explanation of the phenomenon. A 
given solvent dissolves certain types of solute more easily than 
others : water dissolves hydroxylic compounds, benzene dissolves 
hydrocarbons, and alcohol has intermediate properties; it there- 
fore seems probable that the solubility of a complex solute, in 
different solvents is due to the action of different groups in 
solute. Hence, when such a solute is added to a binary 
solvent, each constituent of the solvent acts on the 
radical of the solute, and the two-fold effect on the 
result in incresised solubility. 
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The organic acids (except oxalic acid) and their salts are simple 
examples of solutes with two dijBEerent groups, and such substances 
might be expected to show an increased solubility in aqueous 
alcohol. The values in Table I are taken from Seidell’s results 

Table I. 

Solubilities of various organic salts and acids in aqueous ethyl 
alcohol at 25®. 

(G. per 100 g. of solvent.) 

EtOH, % by weight. 



0%. 

10%. 

30%. 

CO 

0 

%. 

100%. 

Solute. 


Found. 

Calc] 

Found. 

Calc. 

il 

Calc. 


Benzoic acid ... 

0-37 

0-60 

6-18 

20-5 

29-4 

56-3 

42-6 

58-5 

Salicylic acid ... 

0-25 

0-38 

5-19 

13-8 

25-0 

45-7 

44-7 

49-7 

Camphoric acid 

0-76 

1-62 

10-73 

45-0 

50-6 

105-4 

90-4 

100-5 

Stearic acid 

0-03 

0-04 

0-93 

0-18 

4-54 

3-41 

8*13 

9-05 

Tartaric acid ... 

137-5 

127*3 

126-5 

88-6 

82-5 

40-8 

38-6 

27-6 

Na benzoate ... 

56-3 

54-5 

50*7 

34-5 

28-5 

2-88 

6-17 

0-605 

„ salicylate ... 

115-5 

109 

104-3 

73-1 

59-7 

17-6 

15-12 

3-97 

KH4 benzoate ... 

22-9 

21-9 

20-7 

20-4 

12-3 

4-37 

3-77 

1-65 

„ salicylate ... 

103 

101*5 

93-0 

87-7 

65-7 

46-2 

36-2 

28*8 


(LLJ3. Hyg. Labor. Bull. No. 67) and from his tables, and the calcu- 
lated values are based on the “ mixture ” rule. The results are in 
agreement with the view put forward, the double solvent attraction 
being that of the alcohol on the hydrocarbon radical and of water 
on the carboxyl group. It may also be noted that, if the solute 
is fairly soluble in both constituents, then abnormally high solubility 
occurs with ah proportions of the mixed solvent, whereas if the solute 
is only slightly soluble in one constituent, then the maximum 
increase occurs with a mixture rich in the other constituent. Stearic 
acid shows no exaltation in solubility, but it is almost a hydrocarbon 
and has a very slight solubility in water, so an exaltation would 
only be expected in almost absolute alcohol. 

la the present paper the work has mainly been confined to an 
examination of the solubility of acetanilide in a number of binary 
solvent mixtures. The resets (Table 11) are in accordance with 
the views put forward. The solubility in water is probably due to 
the carbonyl and imino-groups ; alcohol will probably act, in 
addition, on the hydrocarbon portion of the molecule, resulting 
in an increased solubility for certain compositions of the mixed 
solvent. The effect should be greater with the higher alcohols, 
as they have greater solvent power for hydrocarbons. Thus the 
effect is absent with water-methyl alcohol, and is greater with 
jdPopyl alcohol than with ethyl alcohol. Again, in alcohol-benzene 
mixtures, the benzene probably acts only on the phenyl group, 
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Table II. 

Solubilities of acetanilide in mixed solvents at 20® 

(G. per 100 g. of solvent.) 

(a) Aqueous alcohols, 

) -h MeOH. HaO -f EtOH. HaO -f PrC 

Solubility. % Solubility. % Solul 


% Solub 

MeOH . 

(by wt.). Found. 
1AA 46*0 


EtOH 

(bywt.). Found. 

,AA 28-8 


- PrOH. 
Solubility. 


(bywt.). Found. 
22-4 


96-2 

43-6 

43-7 

44-3 

95-2 

31-3 

31-3 

27*5 

95-3 

28-3 

28*5 

21-5 

98*5 

42-0 

42-2 

43*0 

90*4 

32-4 

32-3 

26*0 

90*0 

35-4 

35*4 

20-3 

86-6 

37-5 

37-5 

39-9 

84-2 

33-1 

33-1 

24-3 

85-0 

34-0 

33*5 

19-3 

111 

23-1 

23-2 

33-1 

74-8 

28-8 

29*2 

21-6 

54*2 

18*6 

18-7 

12-5 

49-8 

7-2 

7-3 

23*1 

52-5 

13*8 

13*6 

15*3 

34*5 

9*3 

9*3 

S-1 

25-4 

1- 5 

2- 0 

12-1 

26-3 

2*1 

2-2 

7-9 

16*3 

1-8 

1-8 

4-1 

0*0 

0-52 

0-52 

— 

0-0 

0*52 

0*52 

— 

0-0 

0*52 

0-52 

— 


CgHe -f MeOH. 

% Solubnity. 

CjHj * 

(bywt.). Found. Calc 


(b) Benzene-alcohol mixtures, 
CeHs + EtOH. 

% Solubility. 
CqH0 *■ 

. (bywt.). Found. Calc. 


CgHe -f PrOH. 


% Solub 

CgHe ^ 

(bywt.). Found. 


Solubility, 
ound. Calc. 


100 

1-05 

1-08 

— 

100 

1*08 

1-08 

— 

100 

1-05 

1-08 

— 

81*5 

35-4 

34-8 

9-4 

83-8 

21-1 

21-1 

5-6 

83-0 

17-5 

17-5 

4*7 

62-8 

49- 3 

50- 5 

17*9 

63-8 

31- 5 

32- 0 

IM 

58*0 

28*3 

28-1 

10-0 

42-5 

54-6 

54-5 

27-0 

41-7 

35-7 

35-8 

17-2 

42-0 

29-7 

29-5 

13-6 

21-8 

62-9 

52-7 

36*3 

20-0 

33-3 

33-4 

23*3 

18*8 

27-7 

27-5 

18*3 

0-0 

46-2 

— 

0-0 

28-8 

— 

0-0 

22-6 

— 


MeOH 4- EtOH. 

% Solubility. 

MeOH . ' . 

(by wt.). Fotmd. Calc 


(c) Mixed alcohols, 
EtOH -f PrOH. 

•m Solubility. 

EtOH -i 

(by wt.). FouncL Calc. 


PraOH + PriSOH. 
% Solubility. 

PraOH . ' . 

(bywt.). Found. Calc 


lOO 

46-2 

46-2 

— 

100 

28-8 

28-8 

— 

100 

21-8 

21*8 

— 

83 

42-5 

42-5 

43-3 

90-0 

27-9 

27-9 

28-1 

83-3 

22- 9 

23- 0 

22-5 

71-4 

40-6 

40-6 

41-2 

79-4 

27-7 

27-5 

27-3 

71-2 

23*3 

23-6 

22-9 

50*3 

37-2 

37-3 

37-7 

59-1 

26-5 

26-3 

25-9 

46-2 

24- 9 

25- 0 

24-0 

33*7 

34-2 

34-3 

34-7 

40*7 

25-5 

25-4 

24-6 

24-7 

25-6 

25*4 


17*7 

0-0 

31-4 

31-5 

28-8 

28-8 

31-9 

19-9 

0-0 

23-9 

23-9 

21-8 

21-8 

23-2 

0-0 

25-9 

25-9 
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and the alcohol acts in addition on the carbonyl and imino-gronps. 
The increased solubility is less marked in mixtures of the higher 
alcohols with benzene, for such alcohols are more similar to benzene 
in their solvent properties and hence the two constituents of the 
solvent do not have different effects. When the constituents of 
the mixed solvent resemble one another very closely, the solubility 
almost follows the mixture rule. Methyl-ethyl alcohol and ethyl- 
propyl alcohol mixtures behave in this manner. 

The above view is, however, incomplete, since it neglects the 
action of the solvent constituents on one another. Solvate 
formation, since it decreases the latent valencies, should diminish 
solvent power; and dissociation, of one or both constituents 
due to the presence of the other, should increase it. Again, 
since hydrocarbons possess only one type of radical, they should 
not show abnormal solubility in mixed solvents. Few measure- 
ments have been made with these substances, but Tyrer (private 
communication to Seidell) has shown that anthracene in benzene- 
pentane or benzene-heptane mixtures always shows a sub-normal 
solubility. The results found by the authors for phenanthrene in 
mixtures of water and the alcohols are in Table m, and, like those 
for anthracene, show only a decreased solubility. On the other 
hand, IHsselkamp [Z. physihal. Chem., 1926, 99} has foimd 

an increased solubility for anthracene in several liquid mixtures, 
and attributes the result to mteraction between the solvent con- 
stituents. He further draws a parallelism between the solvent 
power and the vapour pressure of a mixed solvent; but such a 
view must also be incomplete, smce it would necessitate a constant 
form of solubility curve, independent of the solute, for any given 
binary solvent. 

Tajble III. 

Solubility of phenanthrene in aqueous alcohol at 20°. 

(G. per 100 g. of solvent.) 

HjO + MeOH. H*P EtOH. H3O + PrOH. 

% Solubility. % Solubility. % Solubility. 

MeOH * ^ Eton < * . PrOH . * . 


(by wt.). 

Found. 

Calc. 

(by wt.). 

Found. 

Calc. 

(by wt.). 

Found. 

Calc. 

100 

3-17 

3-18 

— 

100 

4-16 

4-13 

— 

100 

3-53 

3-49 

— 

96 

2-24 

2-30 

3-06 

95-6 

2- 75 

3- 07 

3-96 

95-4 

2-93 

2-93 

3-34 

88*7 

1-22 

1-32 

2-82 

90-4 

2-14 

2-21 

3-75 

93-5 

2-68 

2-65 

3-28 

79-0 

0-63 

0-60 

2-61 

80-0 

i-25 

1-29 

3-32 

79-0 

1-50 

1-50 

2-77 

59*S 

0-10 

0-13 

1-89 

61-4 

0-33 

0-23 

2-55 

69-8 

1-04 

1-05 

2-45 

. 0*0 

0-0 

— 

37-0 

0-0 

1-67 

0-0 

0-0 

— 
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Experime^itaL — The methyl alcohol, ethyl alcohol, and benzene 
were the purest obtainable from the British Drug Houses, and 
boiled over a range of less than The propyl alcohol was 

prepared from the commercial product, and its b. p. varied over 1°. 
The determinations were carried out by shaking solvent and solute 
in a thermostat in a small stoppered tube, withdrawing a sample 
by means of a pipette, and evaporating it to dr 3 mess at 40® under 
diminished pressure. Preliminary tests showed that the solutes 
were not volatile under such treatment. 

In conclusion, we desire to thank Mr. J. C. MacMaster for carrying 
out some of the preliminary measurements. 

Glasgow Univebsity. [Receivedt July 1928.] 


CCCCVIII . — Synthetical Experiments in the isoFlavone 
Group. Part III. A Synthesis of Genistein. 

By Wilson Baker and Robert Robinson. 

The synthesis of methylgenistein dimethyl ether described in Part II 
of this investigation (J., 1926, 2713) sufficed to determine the 
constitution of genistein (prunetol), and we are now able to report 
the synthesis of the colouring matter itself by an extension of the 
methods previously employed. 

When 5 : 7-dihydroxy-4'-methoxy-2-siyryliaoflavone (Baker ^d 
Robinson, loc. cit) was methylated by means of methyl sulphate and 
methyl-alcoholic aqueous potassium hydroxide, nuclear alkylation 
was avoided and the product was h-JiydroxyJl : 4c' -dimethoxy-^ 
i-styryV&oflavone (I), which was quite insoluble in boiling aqueous 
potassium hydroxide and could not be further methylated by means 
of methyl sulphate and potassium hydroxide in boiling methyl- 
alcoholic solution. 



In the presence of acetone, however, the action of methyl 
and sodium hydroxide on the phenol led to the fo: 
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5:7: 4rimethoxy-2-styrylisofiavo7ie. We wisli to direct particular 
attention to tHs modification of the usual procedure, since we have 
found in other cases that it is remarkably effective. 

Several attempts to prepare derivatives of genisteincarboxylic 
acid by oxidation of the acetyl derivative of (I) were unsuccessful, 
but the methyl ether could be oxidised by means of potassium 
permanganate in aqueous pyridine solution with formation of benzoio 
acid and 5:7: 4i*4rimethoxymqflavone-^2<arboxylic acid (II). This 
acid decomposes smoothly, when heated above its melting point, 
yielding 5:7: 4:' 4nmethoxt^oflavone (III) or genistein trimethyl 
ether. The latter has not yet been obtained from genistein, but 
on demethylation it furnished 5:7: 4'-trihydroxy2soflavone (IV), 
identical in aU respects with genistein from Genista tinctoria, Linn. 
(Perkin and Newbury, J., 1899, 75, 830), a specimen of which was 
very kindly sent to us by Professor A. G. Perkin. 

Expeeimextal. 

6-Hydroxy-l : ‘dimethoxy~2-styrylhoftavone (I). — ^Methyl sulphate 
and aqueous potassium hydroxide (40%) were added in small 
portions alternately and with shaking to a solution of 6 : 7-dihydroxy- 
4'-methoxy-2-styryK5oflavone (Part 11, loc. cit.) (7*5 g.) in methyl 
alcohol (100 c.c. of 50%) and potassium hydroxide (10 g.). The 
deep orange-yellow colour of the solution faded. The precipitated 
methylated product, after being washed successively with dilute 
aqueous potassium hydroxide, water, and alcohol, crystallised from 
much alcohol in tiny, bright yellow needles, m. p. 245 — ^246° (Found : 
C, 74'8; H, 5-2. CgsHgoOg requires C, 75-0; H, 6-0%). The 
phenolic function is feebly exercised, since, although the alcoholic 
solution becomes greenish-brown on the addition of ferric chloride, 
the substance is insoluble in dilute caustic alkali solution. The 
solution in sulphuric acid is intensely yellow and exhibits a weak 
green fluorescence. 

The acetyl derivative was prepared in the usual manner by means 
of acetic anhydride. It crystallised from alcohol in thin, yellow 
prisms, m. p. 203 — 204® (Found : C, 73*1 ; H, 5-2. C27H220g 
requires C, 73-3; H, 6-0%). Hydrolysis regenerated 6-hydroxy- 
7 : 4'-dimethoxy-2-styryKaoflavone, m. p. 245 — ^246®. Attempts to 
oxidise this derivative to O-dimethylgenisteincarhoxylic acid by 
means of potassium permanganate in acetone at — 10® to — 16® 
and in pyridine were fruitless. 

5:7: 4' ’Tnmetho9cy-2’Styrylisoflavon^ (Methyl ether of I). — 
Methyl sulphate (100 c.c.) and aqueous sodium hydroxide (100 c.c. 
of 20%) were aMed to a solution of 5-hydroxy-7 : 4'-dimethoxy- 
" 2-Btyiyli^oflavohe (10 g.) in acetone (400 c.c.). The mixture was 
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not cooled and the acetone layer, at first orange, became lemon- 
yellow ; thereupon aqueous so<Hum hydroxide (50 c.c. of 20%) and 
methyl sulphate (50 c.c.) were added. Subsequently the liquid was 
kept strongly alkaline by the further gradual addition of 20% 
soium hydroxide (100 c.c.). The product, obtained in theoretical 
jdeld, was precipitated by water (500 c.c.) and collected. It gave 
no coloration with ferric chloride in alcoholic solution and crystallised 
from alcohol in pale yellow, iridescent needles, m. p. 193"^ (Found : 
C, 75-3; H, 5*3. Ca^HagOg requires C, 75*4; H, 5*3%). The 
crystals are plank-shaped with obUquely cut ends and give an 
intensely yellow solution in sulphuric acid. 

5:7: -Trimetkoxy-2-styryl-6{ ^-methylisoflavoTie, prepared in a 
like manner from d-hjdioxy-l : 4'-dimethoxy-2-styrylmethyliso- 
flavone (Part 11, loc. ciL), crystallised from alcohol in pale yellow 
needles, m. p. 211° with some previous shrinking (Found : C, 75-9 ; 
H, 5-7. C27H24O5 requires C, 76*7 ; H, 5*6%). A mixture of this 
nuclear methylated compound with its lower homologue (m. p. 193°) 
melted at 175—180°. 

5:7: 4:*^Triimthox^sofiavone-2-carboxylic Acid (II). — solution 
of potassium permanganate (15 g.) in water (500 c.c.) at about 30° 
was rather quickly added to one of 5 : 7 : 4'-trimethoxy-2-styryliso- 
flavone (9 g.) in pure pyridine (500 c.c.) at about 35°. The oxidation 
was accompanied by a considerable rise of temperature. When the 
permanganate was reduced, the solution was filtered and distilled 
under about 100 mm. pressure until the liquid clouded and frothed 
excessively. The mixture was at once rendered strongly acid and 
while still warm the precipitated sticky orange mass was taken up 
in ethyl acetate. The extract was washed with water and then with 
aqueous sodium carbonate ; the latter washings gave an ochreous 
precipitate on acidification. This was coUeoted and heated with a 
little acetic acid in order to dissolve the impurities ; the colourless, 
sandy residue (0-78 g.) was practically pure trimethoxyisofiavorbe- 
carbo3DyUc acid. This derivative crystallises from acetic acid, in 
which it is very sparingly soluble, in satiny, microscopic, well-formed 
prisms, m. p. 237° (sharp but with immediate rapid decomposition) 
(Found : C, 63*8; H, 4-7. C19H16O7 requires C, 64*0; H, 4*5%). 

5:7: 4:^ -TrimethoxyiBoflavone (III). — ^The foregoing carboxylic 
acid was carefully heai^ above its melting point; the product 
crystallised several times from methyl alcohol in colourless, glisten- 
ing, prismatic needles, m. p. 162 — 163° (Found : C, 69*1; H, 6‘4.., 
C, 69-2 ; H, 5-2%). It also separated under 
undetermined conditions in rhombic plates, m. p. 162 — 163°. ^ 

6:7: i' -TnhydroxyiBoflavone (Genistein, Prunetol, w 

demethylation, the trimethyl ether was recovered from the 
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alcoholic mother-liquor, 0-62 g., m. p. 159 — 161®, being obtained. 
This was dissolved in a boiling mixture of acetic acid (10 c.c.) and 
acetic anhydride (5 c.c.), and colourless hydriodic acid (25 c.c., 
d 1-7) gradually introduced. After 20 minutes’ boiling, two-thirds 
of the liquid was removed by distillation and water and sulphurous 
acid were added. The product was collected and acetylated by 
boiling for 30 minutes with acetic anhydride and a drop of pyridine. 
The acetyl derivative was isolated, crystallised once (m. p. 195 — 
198°) from methyl alcohol, and then hydrolysed by boiling dilute 
aqueous sodium hydroxide and a few drops of alcohol. The recovered 
phenol crystallised from aqueous alcohol in long, colourless needles, 
m. p. 290 — ^291° after softening and reddening at about 284°. A 
mixture vith natural genistein and the latter alone exhibited an 
identical behaviour. 

The synthetical specimen showed all the reactions of genistein 
as described in Part It (toe. cit.), and finally the characteristic 
dimethyl ether, m. p. 140 — 142°, was prepared and directly com- 
pared (mixed m. p.) with a specimen of natural origin (actually from 
prunetin), but no divergences of properties were noticed. 

The Univbbsitv, Manchester. [Seceived, October nth ^ 1928.] 


CCCCIX . — The Oxidation of Dipinene. 

By Lindsay Heathcote Bbiggs and Wallace Pbank Short. 

The methods which have been employed for the conversion of 
mono- and di-cyclic terpenes and their derivatives into diterpenes 
have been reviewed by Kondakov and Saprikin {Bull. Soc, chim., 
1925, 37, 918, 1045. See also Carter, Read, and Smith, J. Soc. 
Chem. Ind.y 1925, 44, 543t). No definite crystalline addition com- 
pounds have been obtained from these synthetic diterpenes, and it 
is suggested in the communications mentioned above that this is due 
to the presence of various isomeric diterpenes. 

Kondakov and Saprikin suggested that the diterpenes obtained 
from pnene by the action of various polymerising agents (sulphuric 
acid, ferric chloride, fuller’s earth, etc.) contain two six-membered 
rings united through a geTw-dimethyl group, and that eyeZopropane 
and cydohutme rings are probably also present. Carter, Read, 
and Smith, on the other hand, suggested that the diterpenes which 
they obtained by the action of phosphoric acid on pinene, limonene, 
and cineole were p(»aibly formed owing to the production and sub- 
^Sspaent condensatjem of terpinene and terpinepl. The terpineol 
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residue might become attached to position 5, 6, 7, or 8 in the ter- 
pinene molecule ; 



A 


No well-characterised oxidation products have hitherto been 
obtained from any of the diterpenes produced by the polymerisation 
of mono- and di-cyclic terpenes. By applying the method of 
'' dehydrogenating disruption ” with Manganese dioxide and sul- 
phuric acid, developed by Ruzicka, to a dipinene produced by the 
action of hydrogen chloride and ferric chloride upon pinene, we have 
obtained an oxidation product from which trimellitic, terephthalic, 
and benzoic acids were isolated. This result supports the suggestion 
that diterpenes of this type contain two hexagonal nuclei united 
through a chain of one or two carbon atoms. Further deductions 
would, however, be unwarranted, because it is now well known 
(Carius, Anridlen, 1868, 148, 50 ; Ruzicka and Rudolph, Helv, Chim, 
Acta^ 1927, 10, 917) that some of the benzenecarboxylic acids 
obtained by oxidation with manganese dioxide and sulphuiio acid 
are not produced normally from the carbon framework of the 
oxidised substance, but contain adventitious carboxyl groups. 

Expebimental. 

Preparation of Dipinene . — ^Moist hydrogen chloride was passed 
into a mixture of 300 g. of pinene (b. p. 166 — 160° ; [a]J^ — 244°) 
with light petroleum (250 c.c.) until 87 g. had been absorbed. After 
another 300 g. of pinene had been added, anhydrous ferric chloride 
(30 g.) was introduced in small portions with stirring. This caused 
the solution to boil, and, after it had cooled, it was washed with 
sodium hydroxide and water and dried over sodium sulphate. The 
solvent was then removed and the residue distilled in a vacuum. 
The diterpene fraction was repeatedly distilled, finally over sodium, 
through a 10 cm. Vigreux column and 77 g. of a colourless oil were 
ultimately obtained, b. p. 183 — 184°/15 mm., 0*9260, wg’ 1*6174, 
[^xk 88*92 (calc, for a dicyclio diterpene, 88*76). 

OxidaMon of Dipinene. — A prelimLaary experiment showed that 
the physical constants were only very slightly changed whe^;* 
dipinene was boiled with 57 % sulphuric acid for 36 hours. 

Powdered manganese dioxide (370 g. of 82%) was added 
portions during ^ hour to a mixture of dipinene (22 g.), 
sulphuric acid (500 c.c.}, and water (600 c.c.). After 
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had been refluxed for days, manganese dioxide (100 g.) and 
concentrated sulphuric acid (176 c.c-) were added and the boiling was 
continued until solution of the oil was complete (1 day). The 
product was diluted with an equal volume of water and filtered 
while still warm. The residual manganese dioxide was digested at 
100® with dilute sodium hydroxide solution, the filtered alkaline 
liquid added to the acid filtrate, and the whole exhaustively extracted 
with alcohol-free ether. The dark brown product (approx. 6 g.) 
obtained was dissolved in dilute ammonia, filtered from a small 
quantity of gelatinous material, neutralised, and precipitated with 
silver nitrate. The silver salts, after being dried at 60® in a vacuum 
for 24 hours, were mixed witfi dry methyl iodide (7 g.) and absolute 
ether (10 c.c.), and the mixture, which became warm, was finally 
heated under reflux (3 hours) to complete the reaction. The 
product was diluted with ether, filtered, extracted with dilute 
sodium hydroxide solution, washed with water, and dried. (The 
alkaline layer contained an insignificant amount of organic material.) 
The residue obtained by removal of the ether was distilled in a 
vacuum and the following fractions were collected : (1) b. p. 50 — 
6O75 mm. (Id g.), (2) 70— 80®/0-2 mm. (Id g.), (3) 80— 140®/0-2 mm. 
(0-6 g,), (4) 140— 150®/0-2 mm. (24 g.). 

Fraction (1) was hydrolysed by alcoholic potassium hydroxide 
and yielded benzoic acid, m. p. 119 — 121° (Found for the silver salt : 
Ag, 47*3, Calc. : Ag, 47d%) (p-nitrobenzyl ester, m. p. 88 — 89®). 

Fraction (2) was recrystallised three times from hot methyl 
alcohol and then melted at 137 — 138° (methyl terephthalate melts 
at 140°). The acid obtained by hydrolysis sublimed without melt- 
ing and was identified with terephthalic acid by analysis of the 
silver salt (Found : Ag, 56*5, Calc. : Ag, 66*8%) and by conversion 
into the p-nitrobenzyl ester, m. p. 263*5°. 

Fraction (3) was recrystallised from methyl alcohol, but no 
homogeneous substance could be isolated. 

Fraction (4) was only partly saponified by alcoholic potassium 
hydroxide and was therefore hydrolysed by heating at 150° for 8 
hours with concentrated hydrochloric acid (4 parts) (compare 
Ruzicka, Scfainz, and Meyer, Helv, CMm. Acta^ 1923, 6, 1091). The 
resisting acid was repeatedly crystallised from acetone-benzene and 
melted at 224°. Analysis of the silver salt (Found : Ag, 61-3. 
CaJe. for C9H30gAg3 : Ag, 61-{>%) indicated that the acid was one 
of the benzenetricarboxylic aci(k. Of these, hemimellitic acid is 
eliminated by its melting point (190^), and trimesic acid (m. p. 380°) 
by the fact that the acid obtained from dipinene gave a fluorescent 
j*' product on condensation with resorcinol. Somewhat discordant 
‘ values, ranging from 216—218° (Schultz, Annalm, 1908, 359, 129; 
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Asohan and Virtanen, ibid.y 1921, 424, 213) to 230® (von Braun, 
Kirschbaum, and Schubmann, Ber,, 1920, 53, 1164), have been given 
as the melting point of trimellitic acid. 

The authors are indebted to the Chemical Society for the loan of a 
vacuum pump. 

Axjceland University College, 

Univeesity op New Zealand. [Eeceived, October 27th, 1928.] 


CGCCX . — The Beduotion of Nitro-compouTids hy Aro- 
matic Ketols. Part II. Some o-, m-, and p- 
A zoxy-compounds. 

By Hugh Bryan Nisbet. 

In extending the work already done (Part I, J., 1927, 2081), it has 
been proved that benzoin and its homologues in hot alcohoKc 
solution under the influence of a trace of sodium ethoxide reduce 
nitro-groups to azoxy-groups no matter what position these occupy 
in the benzene ring. Whilst the reaction, as a method of preparing 
azoxy-compounds, still continues to be particularly successful in the 
case of para-compounds and more particularly in the case of para- 
compounds containing a carbon-to-carbon or a carbon-to-nitrogen 
double bond, yields of the order 50 — 87% being obtained, it is not so 
successful in the case of o- and m-compounds, the yields dropping 
to the order of 6 — ^50%. 

The isolation of the azoxy-compound from the accompanying 
diketone is the main difficulty, for only methods of fractional 
crystallisation can be resorted to because azoxy-compounds readily 
decompose when distilled, even in a vacuum, especially when in 
admixture with other compounds, p- Azoxy-compounds are usually 
much less soluble in common solvents than benzil and can, in general, 
be easily separated even in alcoholic solution, o- and w-Azoxy- 
compounds, however, are as soluble as or more soluble than the 
diketone, which is often the first product of the reaction, whilst the 
azoxy-compound must be isolated from the mother-liquors. In 
many cases it has been found impossible to isolate the azoxy-com- 
pound ; but in every case examined it has been possible to separate 
the diketone and thus prove that the nitro-group has oxidised the 
ketol and has at the same time suffered reduction. .This reaction-^, 
utilised in a new preparation of anisil and fuiil by oxidation of 
corresponding ketol with nitrobenzene. . ‘ ' 

0 -, and p- Azoxy-compounds have been prepared from 
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and^-nitrobenzylideneacetophenone, 2-o-, 2-m-, and 2-jp-iiitrostyryl- 

3- metliylclironione, and o-, m-, and ^-nitrobenzylidene-^-bromo- 
aniline. j>-Azosybenzylidene-p-tolnidme has already been described 
(J., 1927, 2084) ; the m-asoa;y-componnd has now been prepared, 
but the o-azoxy-compound could not be isolated. Ethyl p-nitro- 
benzoate is reduced to ethyl ^-azosybenzoate, but the isolation of 
the esters of m-and o-azoxybenzoic acids could not be accomplished. 
The preparation of o- and m-azoxybenzonitrile, of azoxybenzene, 
and of a-azoxynaphthalene (compare Gumming and Steele, J., 1923, 
123, 2466) failed. In each case, however, benzil was separated. 

Experihektal. 

Preparation of 2~NitrostyryL^-mMhylchrompnes, — 2 : 3-Dimethyl- 
chromone was condensed with the corresponding nitrobenzaldehyde 
by Heilbron, Barnes, and Morton’s method (J., 1923, 123, 2565). 

2.o-mtnMs,yl.3^hyiarm«m. 

2 : 3-Dimethylchromone (2*8 g.) and o-nitrobenzaldehyde (2*2 g.) 
gave 1*6 g. of a solid which recrystallised from glacial acetic acid in 
yellow needles, m. p. 161® (Pound : N, 4*5. requires 

N, 4-55%), 

2-m-Nitrostyryl~3-methylchromone. The chromone (3-4 g.) and 
w-nitrobenzaidehyde (3 g.) gave a solid which recrystallised from 
acetone in greenish-yellow needles (3 g.), m. p. 212® (Found : 
N, 4*55%). 

2-p’Nitrostyryl-Z-niethylchromone^ similarly prepared from p-nitro- 
benzaldehyde (3 g.), crystallised from glacial acetic acid in orange- 
yellow needles (2*8 g.), m. p. 238® (Found ; 2f, 4*6%). 

Preparatityn of Azo^yy^compourids. Oeneral Method and Eemarhs . — 
The general method described in Part I {loc, ciL) was again employed. 
In those cases in which the azoxy-compound did not separate 
immediately or on standing for some time, some of the alcohol was 
distilled oflE and the reaction mixture was again kept until needles 
of benzil crystallised. These were filtered off and the mother- 
liquor was poured into water. The solid which separated (a mixture 
of benzil and azoxy-compound) was then dried and dissolved in the 
Tninimiim quantity of benzene or xylene, and the azoxy-compound 
precipitated by addition of light petroleum, 

A modification of the process, with benzene as a solvent and 
piperidine as an activator, was used in the preparation of 2-nitro- 

4- azoxytolne(ne. 

jp~Azox^bemifiidmeacei^^ (GeH5*CO-CH;0B[-GgH4)^2O. 

^-Nitrobenzyfideneacetophenone (4*2 g.) and benzoin (54 g.) gave 
3-5 g. (87% of the iieoretical yield) of the p-azoxy-compound. 
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wMcIi recrystallised from xylene in yellow flakes, m. p. 211 — 213® 
(compare Vorlander, Ber,y 1906, 39, 810) (Foimd ; N, 5*8. Oalc. : 
KT, 6-1%). 

m-Azoxybenzylideneacetophenorie. m-Nitrobenzylideneacetoplien- 
one (4-8 g.) and benzoin (6*5 g.) gave an oily solid wbicb crystal- 
lised after some time. Recrystallised from dilute acetone and 
finally purified by dissolution in hot xylene and precipitation with 
light petroleum, it gave a brown, microcrystalline solid, m. p. 
156—157®. Yield, 0*75 g. (6%) (Found: N, 6*1. 
requires IT, 6*1%). 

o - Azoxybenzylidenmceiopheiione. o - Nitrobenzylideneaceto- 

phenone (4*6 g.) and benzoin (6*36 g.) gave benzil (4*5 g.) as a first 
product, and the mother-liquor, poured into water, gave a brown 
solid which crystallised from benzene and light petroleum in brown 
flakes, m. p. 141 — 142® after softening at 135®. Yield, 1*2 g. 
(11%) (Found : N, 6*2%). 

2-p*Azo2^3tyryl-i- methyhhromone. 2 - p - Nitrostyryl - 3 - methyl- 
chromone (1*5 g.) and benzoin (1*1 g.) gave 0*6 g. (43%) of the 
p-oimajy-compound, which recrystallised from xylene in orange- 
yellow flakes, m. p. 289® (Found : N, 5*0. OggHgeOsNa requires 
N, 4*9%). 

2-m-AzoosystyryhZ-m€thyl(^r<mone (0*75 g. ; 62%), prepared from 
2-w-nitrostyryl-3-methylchromone (1*3 g.) and benzoin (1*2 g.), 
separated feom xylene as a yellowish-white, miorocrystalline solid, 
m. p. 275*5® (Found : N, 5*0%). 

2-o-JLa»a;^aiyrpZ-3-m6iAyfcftrom(me (0*2 g.; 15%), obtained from 
2-o-nitrostyryl-3-methylchromone (1*5 g.) and benzoin (1-3 g.), 
formed greenish-yellow needles, m. p. 202® (Found : N, 4*8%). 

p-Azoxybenzylickne^p-br(moan (CeH 4 Br*lTIOH-CgH 4 ) 2 N gO, 

(1 g. ; 55%), prepared from p-nitrobenzylidene-p-bromoaniline (2 g.) 
and benzoin (2 g.), recrystallised from glacial acetic acid in yellowish- 
red plates, m. p. 218® (Found : IT, 10*15. requires 

N, 10*0%). 

m-Azoxybe7izylidene-p-bromoamUm. m-Niirobenzylidene-p-bromo- 
anilim was prepared by heating m-nitrobenzaldehyde and 
p-bromoaniline together until no more water was given off. It 
crystallised from alcohol in long, yellow needles, m* p. 84® (Found : 
IT, 9*4. CigHgOgNgBr requires N, 9-2%), 

m-lTitrobenzylidene-p-bromoaniline (4 g.) and benzoin (4 g.) gave 
on standing for some time 0*7 g. (19%) of the m-a 2 oa;p-compound, 
which separated from benzene and light petroleum as a yelloi^fl,^ 
miorocrystalline solid, m. p. 120® (Found : IT, 10*15. CggHigOlT^II^^ 
requires IT, 10*0%). 

o-Azoxybenzyli^m-p-bromoaniUne (0-5 g.; 27%), obtained^^m 
5 l 
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o-mtrobeiizylidene-jj-bromoaniline (2 g.) and benzoin (2 g.) after 
standing for 2 days, crystallised from sylene and light petrolenm in 
yellow needles, m. p. 299° {I’onnd : N, 10-3 %). 

m.~Asoxybmzylide7i6-^-toluidinB (2 g. ; 46%), obtained from 
m-nitrobemylidene-p-toluidine (4’8 g.) and benzoin (o g.) after 
standing for some time, was recrystallised, hist from glacial acetic 
acid and then from benzene and li^t petroleum; it formed pale 
yellow needles, m. p. 150“ after softening at 135° (Found : N, 13‘0. 
requires N, 13-0%). 

Ethyl 3 )-azoxybenzoate (2'75 g. ; 78%), prepared from ethyl 
p-nitrobenzoate (4 g.) and benzoin (6’5 g.), crystallised from facial 
acetic acid in salmon-pink needles, m. p. 117° (compare Meyer and 
Dahlem, Annakn, 1903, 326, 334) (Found : M, 8*3. Calc. : N, 
8-3%). 

2-Nitro-3-azo3!ytoluem. A solution of 2 : 4-dinitrotoluene (5 g.) 
and benzoin (10 g.) in 15 c.c. of benzene containing 2 c.o. of piperidine 
was boiled under reflux for 6 hours. The solvent was then allowed 
to evaporate almost to dryness. The solid which separated, after 
being washed with a little cold benzene and reorystaUised from 
^adal acetic acid and from benzene-light petroleum, formed 
yellowish-white needles, m. p. 164° (compare Brand and 2!dller, 
Ber., 1907, 40, 3329). Yield, 1 g. (23%) (Found : N, 17-6. Calc. : 
N, 17*7%).^ 

Prepwrcedon of AnisU and Furil. — ^Although azoxybenzene could 
not be isolated in the reduction of nitrobenzene by means of benzoin, 
anisoin, or furoin, by using excess of the oxidising agent it was found 
possible to utilise the reaction as a method of preparing auiail and 
furil in 80% and 90% yidds, respectively. Benzil is obtained by 
the same reaction in yields of 30 — 40%. 

A solution of the ketol (5 g.) and nitrobenzene (4 g.) in 50 c.c. of 
alcohol containing 2 c.c. of 6% alcoholic sodium ethoxide was 
boiled under reflux for 2 — 3 minutes and then aUowed to cool. The 
diketone which separated, recrystallised from alcohol, gave 4 g. of 
amsil, m. p. 133°, in the case of anisoin, and 4*7 g. of furil, m. p. 162°, 
in the case of furoin. 

The autiior again desires to thank Prof. A.*A. Boon for his interest 
in the work and for providing facilities for its prosecution. 

Bkatos-WAXT CouLBOE, EDmBUBGB. [Received, October &h, 1928.] 
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CCCCXI , — Influence of Poles and Polar Linkings on the 
Course 'pursued hy Elimination Reactions. Part II. 
Mechanism of Exhaustive M ethylation (continued). 

By Chsistopheb Kelk Ingold and Cfables Cybil Nobeby Vass. 

In Part I,* a theory of the mechanism of the decomposition of 
quaternary ammonium compounds was developed and shown to be 
in accord with several different types of experimental data. One 
of the tests applied consisted in tracing the relation between the 
constitution of an alkyl group (Aik) and the ratio of the olefin 
formed to the methyl alcohol eliminated in the decomposition of the 
corresponding trimethylalkylammoniiim hydroxide (Alk-NMeg-OH). 
Expanding Aik to and naming the simultaneous 

reactions referred to {A) and (B) for convenience in reference : 




g>CH-(J-NMe3}OH 




|i>C=C<|! + NMeg + HgO 


'■'^|J>CH-CR®E.«-miea + MeOH 


(A) 

iB) 


theory predicted that the suppression of (A) in favour of {B) 


(i) should be governed by R^ and R^ much more than by 
B? and R* 

(ii) should increase, tending towards constancy, with increas- 
ing R^ and R^. 

(iii) should be greater when R^RKSH*, or any part thereof, is 
branched than when the corresponding group or part is 
unbranched but isomeric. 


In Part I, prediction (i) was established very fuUy, (ii) was demon- 
strated for groups up to and including propyl, and (iii) was confirmed 
for n~ and iso-propyl. In the present paper, this particular test of 
the general theory is extended, prediction (ii) is verified up to and 
including hexyl, and (iii) is further established in the case of and 
iso-butyl. The results are shown in Table I. 

Since the publication of Part I, the technique of these decom- 
positions has been improved in various minor details (e,^., the 
quantitative collection of the olefin and the more complete exclusion 
of carbonates and silicates from the hydroxide solution) and we hav 
accordingly to correct the earlier values for propyl and butyl : 

* The parent paper of this senes (Haafiiart and lagold, J., 11 
herein called Part I, was actually published Tznder another {: 
title. 
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Table I. 

Decomposition of Trimethylalkylcmwxniium Hydroxides, 
{Alk-NMe^’OH' or {CHRiR2*CR3E4-NMe^}‘OH'. 


Mols. % olefin (reaction A). 

j- 




Previous results. 

^ 

This paper 

No. 

Aik. 

H. & L* 

V. B.t 

(see 

Table U), 

1 

Ethyl 

H- — 

— 

95 

2 

n-Propyl 

CHa- 81 

— 

84 

3 

n-Bulyl 

CHa-CHa- 75 

60 

79 

4 

n-Amyl 

CBEa'CHa-CK,- — 

40 

77 

5 

n-Hexyl 

CHa-CHa-CH;-CHy — 

27 

76 

6 

n-Heptyl 

CHs-CHa-CHa-CHa-GHa- — 

25 

74 

7 

«-Octyl 

CHa-CHa-CHa-CJHa-CHaCH.- -- 

25 

75 

8 

a^oAmyi 

(CHahCS- - - 

— 

72 


♦ Hanhart and lagold. Part I, Zoc. cit, 
t von Brann, AnnaUn, 1911, 382, 1. 


few units per cent.* AltlLOugh it is necessary to direct attention to 
the results abeady on record (Table I), we do not propose here4o 
discuss the cause of the large discrepancies between v. Braun^s 
results and those obtained by us, since this point, which is of con- 
siderable interest, will be dealt with in a forthcoming paper by that 
author. The figures in the last column of the table we regard with 
confidence. In ITos. 1 — 7 the suppression of (^) with increasing E^, 
and the approach to a constant value (75%) are clearly indicated 
(prediction ii), and the comparison of Nos. 4 and 8, in which CHE^E®* 
is w- and fao-butyl, respectively, supplies a further confirmation of 
(iii). 

ExPEEI MENTAL. 

The q^uatemary compounds were prepared from trimethylamine 
and the appropriate alkyl bromide or iodide. Benz-7i-amylamide 
(an intermediate in the preparation of »-amyl bromide from piperi- 
dine) is described by v. Braun and Sobechi as an oil (Ber,, 1910, 43, 
3596). Our specimens were in aU cases solid and crystallised from 
ether-ligroia in needles, m. p. 31 — 32°, b. p. 205 — ^210°/18 mm. 

The method was substantially the same as in Part I, the olefins 
being weighed as their dibromides (Table II, column 5), and the 
mixed tertiary bases analysed as their methopicrates. Since the 
precipitation of these was never complete (Table II, column 7), the 
ccmpositions deduced from their nitrogen content constitute only 
an approximate check (Table n, column 8). The hexene, heptene, 
and octene were collected in chloroform (under hydrochloric acid) 
and subsequently combined with bromine. 

♦ T^ere is theoieticid reason to suspect that the proportion of olefin formed 
would vary with the form of the aj^paratus used for distillation, bo 

that the 3—4% difierence anay not all represent experimental error. 
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Table II. 


Wt. con- 
verted Tri- 



Alkyl 

Salt 

into 

Olefin formed. 

Yield of 

methyl- 

Expt. 

group 

taken 

hj^’dr- 


— 


metho- 

amine 

Xo. 

(Aik). 

(anion). 

oxide. 

Mols. %. 

Mean. 

picrates. 

(mols.^Jj 

24 

Ethyl 

Bromide 

32-76 

94-5] 

1 


— 

— 

25 

99 

Iodide 

.39-17 

94-S 


94*6 

93-2 \ 

Almosi 

26 

99 

39 

31-14 

94-41 

1 


92-7/ 

pure * 

20 

w-Propjd 

Iodide 

25-89 

82-9 ■ 

1 


— 

— 

21 

99 

99 

40-05 

84-1 

[ 

83-7 

91*7 

88 

22 

99 

99 

37-87 

84-2 

( 


85*0 

93 

5 

n-Butyl 

Iodide 

38-43 

79*6] 

1 


89-1 

80 

6 

99 

99 

42-46 

SO-0* 

L 

i 

79-2 

80-0 

84 

7 

99 

99 

41-10 

77-91 


79-2 

82 

27 

n-Amyl 

Bromide 

21-72 

77-0! 

t 


89-4 

SO 

2S 


jj 

25-97 

76-1 J 

f 

I DO 

92-8 

SO 

29 

n-Hexyl 

Iodide 

25-06 

75-6 


75-6 

90-2 

78 

17 

w-Heptyl 

Iodide 

20-76 

74-71 

1 


— 

— 

IS 

tt 

99 

37-43 

73-0 ^ 

73-8 

95-4 

75 

19 

39 

99 

40-09 

73-61 


— 

— 

12 

7i-Oetyl 

Iodide 

27-36 

73-91 



— 

— 

13 

99 


42-55 

76-7 1 



— 

— 

14 

99 

99 

43-85 

74-81 


lO ‘x 

94-6 

78 

15 

99 

99 

38-71 

76-0 J 



— 

— 

8 

isoAmyl 

Bromide 

28-23 

71-51 

1 


— 

— 

9 

99 

99 

37-41 

72*2 

L 

71-7 

94-4 

76 

10 

99 

99 

37-50 

71-6 

1 


— 

— 


* The compositions of the constituents are here too close for analysis to 
be of service. 


We \risli to express oiir thanks to the Eoyal Society for a grant 
in aid of this invi^iagation. 

The UmvEBSTFr, Leeds. [Received, October 262%, 1928.] 


CCCCXII . — Influence of Poles and Polar lAnhings on 
the Course 'pursued hy Elimination Beactions. 
Part III. A Decomposition of Dialhylsulphones. 

By Geoppbey William Fbiiton and Chbistophbb Kels Ingold. 

The mechanism advanced in Fart I (Hanhart and IngoM, J., 1927, 
997) for the decomposition of quaternary ammonium hydroxides 
into olefins, tertiaiy amines, and water suggests that dialkylsul- 
phones (Alk'SOa'Alk') should be capable of a similar decomposition, 
since the dipole in the sulphone grorp (Sugden, Beed, and Wilkin^ 
J., 1925, 127, 1525 ; Sugden, this vol., p. 263) would be expeote^^.,? 
induce incipient ionisation in the ^-protons of each alkyl greos^^^ ' 
sufficient degree to facilitate their union with a suitable 
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acceptor. The products would be an olefin and an alkylsulphinic 
acid (.4). Indeed the suggested analogy between 



R-CHICHg + NMes + HgO 
R-CHICHa + sSgAl: + HgO 


is complete except in two respects. The first of these is that, whereas 
the quaternary ammonium compound can supply its own proton- 
seeking anions (hydroxide), the sulphone cannot ; wherefore alkali 
would have to be added in the latter case (B). The second is that 
the electron-afiBnity of -SOgAlk is weaker than that of -NMej (Ingold, 
Ingold, and Shaw, J., 1927, 813) ; wherefore the effect of Br> in 
inhibiting the reaction (compare Parts I and II) should work more 
powerfully in the case of the sulphones (G). Otherwise we should 
expect most of the features which characterise the reaction of the 
quaternary hydroxides to apply without change to that of the 
^phones, as, for instance, the rule regarding the preferential 
elimination of ethylene (B). 

We have examined the action of alkali on three typical sulphones 
and have established the following facts : 

(1) The expected decomposition of diethylsulphone occurs, the 
products being ethylene and ethanesulphinic acid (compare A). 
Alkali is necessary to the decomposition (compare B). 

(2) EtJbyl-n’OCtylsulpJione similarly decomposes, giving ethylene 
and n-octanesulphinic acid, but no detectable quantity of %-octene 
or ethanesulphinic acid. This illustrates the ethylene rule (compare 
D). 

(3) In contrast with the fission of trimethyl-n-octylammonium 
hydroxide, which yields some 75% of w-octene (compare Part II), 
di-fli-octylsulphone is not decomposed at all under the conditions 
of reaction mentioned under (1) and (2) ; so that, when each p-proton 
is protected by the electron-source action of a ?i-hexyl group (R in 
the formulae), the fission of the sulphone is inhibited completely 
(compare G)- . 

Expebimental, 

IhGomposition of Diethylmlphme, — ^Diethylsulphone (4 g., m. p. 
71®, prepared from diethyl sulphide by oxidation with permanganate, 
and crystallised from alcohol) was mixed with ground potassium 
, 5 ^ hydroxide (16 g.) and a little water, and the melt heated in a metal- 
||bath at 200° until the vigorous evolution of gas ceased; the whole 
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apparatus was then swept out with a current of nitrogen. The gases 
were passed first through dilute hydrochloric acid (two flasks), then 
through liquid bromine (two flasks), and finally into an aspirator. 
The gas in this was proved to be free from ethane or other hydro- 
carbon. The hydrochloric acid solution was tested for ethyl alcohol 
by distilhng it and treating the first portion of the distillate with 
p-nitrobenzoyl chloride and alkali ; no ethyl p-nitrobenzoate was 
obtained. Thus it appears that possible hydrolysis to ethyl alcohol 
and ethanesulphinic acid does not correspond with the products, 
and that, if ethanesulphinic acid is formed in any manner, it does 
not break down to ethane and sulphurous acid under the conditions 
of the experiment. The contents of the traps containing bromine 
were mixed with ice, decolorised with sulphur dioxide, and made 
alkaline with sodium carbonate. The heavy oil was partly run off 
and partly extracted with hgroin, and then distilled, 3*7 g., b. p. 
129 — 131®, being obtained. Its b. p. and analysis (Found : C, 12*4 ; 
H, 2-2. Calc. ; C, 12*8 ; H, 2*1%) identify it as ethylene dibromide. 
The alkaline residue was mixed with water and dilute hydrochloric 
acid, during which process the odour of hydrogen sulphide was 
noticed, and then exactly neutralised with sodium carbonate and 
evaporated to dryness. The residue was extracted with alcohol, 
which removed sodium ethanesulphinate and traces of inorganic 
salts ; and the latter were finally eliminated by complete evaporation 
of the alcohol and re-extraction of the sulphinate with the same 
solvent, from which it crystallised on concentration (yield, 60%). 
From the sodium salt (2^3 g.), barium ethanesulphinate was prepared 
by precipitation with barium iodide in alcoholic solution (Found : 
Ba,424; C,14*7; H,3*l. Calc.: Ba,42*5; 0,14*8; H,3*l%). 

Decompositim of Efhyl-n-octylsulphone , — ^Sodium (1'2 g.) was dis- 
isolved in a solution of ethyl mercaptan (3-1 g.) in ether and the ether 
evaporated. The residue was heated on the steam-bath for 6 hours 
with an alcoholic solution of ?i-octyl bromide (10 g.) and the product 
was poured into a large volume of water and extracted with ether. 
The ethyl w-octyl sulphide, b. p. 102 — 103®/11 mm., was run with 
rapid stirring into nitric acid, and the product poured on ice ; a 
rapidly solidifying oil was then precipitated. On crystallisation 
from ligroin this yielded ethyl-n-octyhvlpJione as platelets, m. p. 68®. 
On one occasion the product obtained by oxidation with nitric acid 
remained largely liquid; it was therefore treated with powdered 
potassium permanganate in glacial acetic acid and the same crystal-, 
line sulphone, m. p. 68®, was obtained (Found : C, 58-4 ; H, 
OioH220aS requires C, 58-3; H, 10-7%). 

The method of decomposition was that already descsd3|^^H 
diethylsulphone and the reaction again took place smootMj^^^^Pj 
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the bath, however, was raised to 270® at the end of the pocess. The 
absence of ap)reciable amounts of ethane, octane, ethyl alcohol, 
and ociyl alcohol was demonstrated. Octene, which would have 
collected mainly in the hydrochloric acid traps, was also absent, and 
the bromine solution, on being worked up for bromohydiocarbons, 
yielded only ethylene dibiomide (b. p. 129—131®. Found: C, 
13‘3; H, 2'4%). The alkaline residues on acidification had an 
odour of hydrogen sulphide, and, folbwing the procedure described 
above, sodium ra-octanesulphinate was isolated in 70% yield. The 
coire^onding ferric salt was obtained by precipitation with ferric 
chloride in the presence of dilute hydrocUoric acid (Found : Fe, 
9-6. C^HgiOgSsFe requires Fe, 9-5%). 

Stability of Di-n-ociyl8vlpIi(m. — portion (180 c.c.) of a solution 
of potassiiun hydroxide (17 g.) in ethyl alcohol (450 c.c.) was saturated 
with hydrogen sulphide and added to the remainder. Ji-Ootyl 
bromide (20 g.) was added and the mixture was kept at the ordinary 
temperature for 2 days, heated for 2 hours on the steam-bath, poured 
into a large volume of water, and extracted with ether. The 
di-«-ociyl sulphide (compare Moslinger, Annakn, 1877, 185, 59), 
b. p. 180°/10 mm., was treated (10 g.) with nitric add (50 c.c., 
d 149). The oil which was prec^itated by the addition of water 
partly solidihed on keeping, and probably consisted of a mixture of 
di-»-oetyl sulphoxide and di-»-octylsulphone. On treatment with 
powdered potassium permanganate in glacial acetic acid, it yielded 
di-a-octylmlphme, which was isolated by adding water and passing 
sulphur dioxide, and was purified by crystallisation from l^oin, 
from which it separated in platelets, m. p. 76® (Found : 0, 65*9; 
H, 12'0. O 16 H 34 O 2 S requires C, 66 - 2 ; H, 11'8%). 

On treatment witii alkali under the conditions of the previous 
experiments, no decomposition took place, and some unchanged 
sulphone collected in the first trap containing hydrochloric acid. 
The sulphone tos therefore heated for 2 hours under reflux with 
90% potassium hydroxide ; again no evidence of decomposition was 
obser^ and, on cooling, the original sulphone was recovered in 
almost the theoretical quantity. 

We wi^ to express our thanks to the Ohemical Society for a grant 
in aid of this work, which is being continued. 

'Ebs trmvEBsixv, liEEms. [Beedoed; October 26t%., 1928.] 
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CCGCXIIL — Heterocyclic Gom'pounds containing 

Arsenic. Part IV* Garhamido-derivatives of 

Arylarsinic Acids. 

By RAiiPH William Ewajbt Stiokings. 

In an attempt to prepare some guanidine derivatives of aromatic 
arsinio acids, the well-known reaction between a primary amine 
and a cyanogen halide was employed : 

R-NHa + CNBr — > R-NH-CJIT + HBr. 

R-NH-CN + R-NH2,HBr — ^ (R-im)2C:NH,HBr. 

j)-Ajsam‘lio acid and cyanogen bromide, however, would not 
react in presence of benzene, even when boiling. Sodium p-arsanil- 
ate reacted rapidly with an aqueous suspension of cyanogen bromide 
in the cold, yielding, not a guanidine derivative, but -p-carbamido- 
phenylarsinio add ; of the two g.-mols. of arsanilate employed, one 
was recovered unchanged : 

NH2-C6H4-AsO(OH)-ONa + CNBr -f H^O = 

NH 2 -CO-NH-C 6 H 4 -AsO(OH )2 + NaBr. 

No intermediate cyanamide derivative could be isolated, and it 
was subsequently found that this reaction was a general one with 
aminoarylarsinie acids. In cases where the primary amino-group 
is in the ortho-position to another reactive constituent group, 

(OH) or (NHg), the reaction proceeds further with ring formation : 



AsO(OH)-ONa As0(0H)2 


^^c:nh 

NH 


AsO(OH)2 




These heterocyclic compounds are soluble in mineral acids and 
in alkalis. They probably contain a primary amino-group, smce, 
on diazotisation and boil^g, the compound (I) yields a hydro:^^ 
derivative. With compound (H), however, the reaction 
to go further, the only product isolated being the original,di|l^jf^,,' 
phenylarsinic acid. 

5l2 
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STIOKINGS : 


If the parent arsinic acid contains a carboxyl group ortho to the 
amino-group, a compound is produced by the action of cyanogen 
bromide and water which has the properties of a diketotetrahydro- 
quinazoline. It is insoluble in mineral acids, is not decomposed 
by prolonged heating with concentrated sodium hydroxide solution 
or 50% sulphuric acid, and on reduction with sodium hydrosulphite 
gives an arseno-compound insoluble in sodium hydroxide solution. 
On the other hand, analysis gives figures which indicate the presence 
of an extra molecule of water, which cannot be removed by prolonged 
drying in a vacuum at 110®. It appears, therefore, that this 
molecule of water is attached to one of the carbonyl groups in the 
heterocyclic nucleus and that the reaction may be represented 
thus : 


^0{0H)2 

bffl, - 
CO-H 


AsO{OH)a 

(^1nh-co-nh2 

<ni.) 


AsO{OH)a 

f 

(IV.) 


It is inconceivable that prolonged boiling with concentrated alkali 
solution or acid would fail to liberate ammonia and carbon dioxide 
from a substituted carbamide of the type (III). 

Methods (Farbwerke vorm. Meister, Lucius, & Bruning, U.S.P. 
1077462, 213155) for the preparation of carbamidoaryl- 

arsinic acids by the potassium cyanate method lead, according to 
their authors, to simple carbamide derivatives such as (V) and (VI). 


(V.) 


AsO(OH)2 

OH 


AsO(OH)2 



>20 

SH-CO-NHa 


(VI.) 


This work has been confirmed in the case of (V) ; the compound 
isolated differs in properties, as would be expected, from the con- 
densation product (I) obtained by means of cyanogen bromide. 

Further work is in progress to elucidate the course of the reaction 
which produces these heterocyclic arsioic acids, as it has been 
found difficult to convert (V) into (I) by formation of the hetero- 
cyclic nudeim. An attempt is also being made to synthesise (IV) 
by introducing the arsinic acid group at the final stage by the Bart 
method. 

^ T^e trypanocidal action of these compounds and of further 
derivatives thereof has been studied and will be reported elsewhere. 
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'^•Carbamid<yp}imyla^ Acid (compare D.R.-P. 213155). — A 
solution of 108 g. of ^J-arsanilio acid in aqueous sodium hydroxide 
(20 g. in 500 c.c, of water) and a freshly prepared suspension of 
106 g. of cyanogen bromide in 300 c.c. of water were mixed and 
stirred; a crystalline precipitate gradually formed and the odour 
of cyanogen bromide disappeared. Next day, the mixture was 
acidified to Congo-red with concentrated hydrochloric acid. The 
precipitate was collected, redissolved in aqueous sodium hydroxide, 
and, after the solution had been made neutral and treated 
with charcoal, re-precipitated with hydrochloric acid ; yield, 89 g. 
(Pound : As, 28*7 ; N, 10-8. C 7 H 0 O 4 N 2 AS requires As, 28*8 ; N, 
10*8%). The product crystallised from hot water in glistening 
needles. It was sparingly soluble in cold water or organic solvents, 
insoluble in dilute mineral acids, and readily soluble in hot water 
and in caustic alkali or alkali carbonate solutions. Warming with 
sodium hydroxide solution liberated ammonia, and the solution on 
acidification with acetic acid gave carbon dioxide and p-arsanilic 
acid. 

Acid, — 6-Amino-2-hydroxy- 
phenylarsinic acid (Poumeau, Tr^fouel, and Benoit, BvlL Soc, cMm.^ 
1927, 41, 449) (117 g.) was treated exactly as described above with 
106 g. of c 3 ^nogen bromide. The product obtained on acidification 
was decolorised by isolation of the sodium salt and regeneration of 
the acid. Yield, 64 g. of white, needle-shaped crystals; soluble in 
hot water and in alkalis, insoluble in mineral acids (Pound ; As, 
27-0; N, 10-3. requires As, 27-2; N, 10-1%). 

l-AmirtobenzoosazoleA-arsinic Acid (I). — ^The reaction between 
8-amino-4-hydroxyphenyIarsinic acid (117 g., dissolved in a solution 
of 20 g. of sodium hydroxide in 500 c.c. of water) and 120 g. (excess) 
of cyanogen bromide was complete in about 1 hour. After the 
addition of 10 c.c. of glacial acetic acid, the rather dark precipitate 
was collected and dissolved in 20 % sodium hydroxide solution, 
which was then cooled and treated with an excess of sodium chloride. 
Next day, the thick mass of crystals obtained was washed with 
brine and decolorised in 400 c.c. of hot water with charcoal. Acid- 
ification with excess of acetic acid gave 88 g. of white prismatic 
needles (Found: As, 28-9; N, 10*7. C^H^O^NgAs requires As, 
29-1; N, 10 * 8 %). 

The new acid is soluble in dilute mineral adds and in alkalis^ 
and sparingly soluble in hot or cold water. It is only slowly 
posed by boiling concentrated aqueous caustic alkali. 

2^Ami7U)benzimimzoU-5-a/r8inic Add (IE). — ^3 : 4'*l>iammio|Aldyi^' 
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arsinic acid (Bertheim, Ber., 1911, 44, 3095) (116 g.) was treated 
exactly as described in the preceding preparation. The prodwci, 
also purified in the same way, formed white, slender needles (55 g.), 
moderately easily soluble in hot water and readily soluble in dilute 
mineral acids or alkalis (Found : As, 29-0; N, 16'1. 
requires As, 29*2; Hf, 16-3%). 

l-Amim^^-a(^tamidobe7izomzohA’aTsinic Acii,—A neutral solu- 
tion of 28 g. of 3-aimno-5-acetamido-4-hydroxyphenylarsinic acid 
(this vol,, p. 2376) in dilute aqueous sodium hy^oxide was diluted 
to 150 c.c. and added rapidly to an aqueous suspension of cyanogen 
bromide freshly made from 18 g. of bromine, and the whole was 
well stirred. After 1 hour, the product was acidified with acetic 
acid in excess and the brown cr 3 rstals obtained were treated in 
alkali solution with charcoal and reprecipitated as white, prismatic 
needles (20 g.), readily soluble in dilute mineral acids and in alkalis 
(Found : As, 23*2 ; N, 13*2. CgHiQOglfgAs requires As, 23*8 ; IST, 
13*3%). 

2 : 4-£)iiefo-l : 2 : 3 : A,-UtrahydroA : Z-quinazoline-l -arsinic Acid 
(IV). — 3 -Amino- 4 -caxbox 3 rphenylarsinic acid (26 g.) in neutral solu- 
tion was similarly treated with cyanogen bromide (from 15 g. of 
bromine) and left for 1 hour in a warm place. The crystalline 
precipitate obtained on acidification (to Congo-red) with hydro- 
chloric acid was recovered, after the usual purification with charcoal, 
in white prisms (18 g.), which were dried at 110° (Found : As, 
24*4; N, 9-3. C 3 H 7 O 5 N 2 AS requires As, 26*2; ST, 9*8%. 
03 H 705 N 2 As,H 20 requires As, 24*7; N, 9*2%). 

The author’s thanks are due to Messrs. May & Baker Ltd., Batter- 
sea, for permission to publish this work. 

The Beseabch Labobatobies, Messes. May Sh Bakeb, Ltd., 

Waedswobth, S.W. 18. [Received, October 18fA, 1928.] 


CCCCXIV . — Heterocyclic Gom'pounds of Arsenic. 
Fart V. Henziminazolearsinic Acids. 

By Montagite Alexandra Phtt.ltt’s. 

It has previously been shown (Phillips, this voL, pp. 172, 2393) that 
2 -sahstituted benziminazoles can readily be obtained from mono- 
and di-acyl-Q-diamines by the action of boiling dilute mineral acids 
and &om OMliamines by the action of organic acids in the presence 
of boiling dilute mineral acids. It is now shown that these reactions 
may be emjdoyed for the synthesis of benzimmazolearsinio acids. 
3: 4-l>iamjimphienylaimnic acid gives with formic, acetic, propionic. 
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and lactic acids, respectively, benziniina2ole-5(6)-arsinic acid, 
2-methyl-, 2-ethyl‘y and 2~oL‘hydro3syethyUbenzimi7iazole‘5{6yar8inic 
acids. Similarly, 2-inethyl- and 2-a-hydroxyethyhbenziminazole- 
4{7)-arsinic acids and benziminazole~4:{iyarsinic acid were obtained 
from 2 : 3-diaminophenylarsimo acid. 3 : 4.Diacetamidophenyl- 
arsinio acid, on treatment vith boding dilute hydrochloric acid, gave 
2-methylbenznninazole-5(6)-arsmic acid, which was also obtained 
by the application of the Bart reaction to 6-amino-2-methylbenz- 
iminazole. In no case except that of 2-a-hydroxyethylbenznninazole- 
6(6)-arsinic acid was the cyclic compound obtained in the absence 
of the catalyst. 

The action of dibasic acids on the above diaminophenylarsinic 
acids calls for special note (compare Phillips, this vol., p. 2397). 
Malonic acid and 3 : 4-diaminophenylarsinic acid in the presence of 
boiling dilute hydrochloric acid gave an amorphous compound which 
appeared to be malon-o-phenyleneamide-4-arsinic acid, identical 
with the substance obtained by Lewis and Bent {J. Amer. Cliem, 
Soc., 1926, 48, 949) from 3 : 4-diaminophenylarsinic acid and malonic 
ester. Oxalic acid under the same conditions gave a quantitative 
jdeld of 2 : S-diJiydroxyquinoxaUm-6{l)-arsinic acid identical with 
the product obtained in this laboratory by the reduction of S-nitro- 
4-oxalylaminophenylarsmic acid and by the action of oxalyl 
chloride on 3 : 4-diaminophenylarsinic acid. In aU cases it was 
obtained as a monohydrate which did not lose water at 100°, It is 
possibly, therefore, a dihydroxy-derivative of formula (I). 



The arseno-derivative obtained by reduction of compound (I) was 
insoluble in alkalis and dilute mineral acids ; the isomeric 2-carboxy- 
benziminazolearsinic acid formula is therefore xmtenable (compare 
Phillips, this vol., p. 2398), 

2 : 3-Diaminophenylarsinio acid condensed similarly with oxalic 
acid under the above conditions, giving a good yield of 2 : 3-di- 
hydroxyquinomli7ie-5{8)-ar8ini€ CLcid, which was also obtained as a 
monohydrate stable at 100°. 

The action of succinic or benzoic acid and derivatives of the latter * 
on 3 : 4-diaminophenylarsinic acid gave no crystalline product. 

Although S-amino-S-hydrozy-l : 4-henzi5ooxazine axiAi-m^ 
6-arsinic acid (Newhery and Phillips, this vol., p. 304S; ¥(^0^0' 
Phillips, and Stiekings, ibid., p. 3057) behave similarly td 
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acetanilide towards nitrons acid, forming triazoles, complex benz- 
iminazoies of the type (11) could not be obtained from them by the 
action of acetic anhydride and boiling dilute hydrochloric acid or 
from their acetyl derivatives by treatment with boiling dilute 
mineral acids. 

Attempts to nitrate 2-methylbenzmimazole-5{6)-*arsinic acid under 
a variety of conditions gave either unchanged material or mixtures 
from which no crystalline substance could be obtained; similar 
results were recorded for 3 : 4-diacetamidophenylarsmic acid. 

Experimental. 

3 : 4-Diacetamidophenylarsinic acid could not be obtained by 
acetylation of 3 : 4-diaminophenylarsinic acid (compare Baxter and 
Pargher, J., 1919, 115, 1372), but was prepared in 50% yield by 
decomposing a diazotised solution of 4-ammo-l : 2-diacetamido- 
benzene (PMUips, this voL, p. 175) (8 g. ; 60c.c. of ice-water ; 8 c.c. 
of hydrochloric acid, d 1‘16 ; 2*8 g. of sodium nitrite) at 50° with a 
copper arsenite suspension (5 g. of arsenious oxide ; 6 g. of sodium 
hydroxide in 50 c.c. of water; 8 c.c. of 2^-copper sulphate). The 
solution was then acidified to litmus, filtered from amorphous 
material, acidified to Congo-red, and concentrated to 50 c.c. The 
arsinic acid obtained crystallised from concentrated aqueous 
solution in colourless needles, m. p. 320° (decomp.), readily soluble 
in cold water (Pound : As, 24-0 ; S’, 9*0. Calc. : As, 23-7 ; IT, 8-9%). 

2-Methylbeiiziminazole-6(6)-arsimc acid, obtained by Baxter and 
Pargher (foe. cit) by treatment of the above arsinic acid with water 
in a sealed tube, was best prepared {a) by refluxing the above acid 
(4 g.) with 5A"-hydxocIiloric acid (20 c.c.) for 40 minutes and 
neutralising the filtered solution to Congo-red; yield, 2*6 g. (78%). 
It was also obtained (6) by boiling under reflux 3 : 4-diammophenyl- 
arsinic acid (4 g. ; Bertheim, Ber., 1911, 44, 3095) with 5A^-hydro- 
chloric acid (30 c.c.) and acetic acid or anhydride (2 c.c.) for 40 
minutes and neutralising the filtered solution to Congo-red ; yield, 
2 g. (40%). (c) A diazotised solution of 5-ammo-2-methylbenz- 

iminazole dihycfroohloride (22 g. ; water, 100 c.c. ; sodium nitrite, 
7 g.) was decomposed at 50° with copper arsenite (arsenious oxide, 
16 g. ; sodium hydroxide, 16 g. ; 2A7’-copper sulphate, 6 c.c. ; water, 
100 e.c.); yield, 30%. 

2-Methylbenzmimazole-6(6)-arsinic acid (m. p. 275°, decomp., 
when anhydrous) was obtained in all cases as a monohydrate 
(Pound: As, 27*3; IT, 10*0. Calc. : As, 27-4; N, 10*2%), which 
lost half its water at 100° and the rest only slowly at 120° (Pound 
anhydrous satetance: As, 29-4; IT, 10*8. Calc.: As, 29*3; 
^ 10*9%). It consists of colourless prisms, sparingly soluble in 
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cold water, but readily soluble in mineral acids and in alkalis. The 
calcium and magnesium salts are amorphous. The acid contains 
no free amino-group as shown by the diazo-alkaline p-naphthol test. 
The nitrate (Pound : As, 24*0. N, 13*45. CgH903N2As,H]Nr03 requires 
As, 23*5 ; N, 13*2%) was obtained in white needles in quantitative 
yield by the action of boiling 10% nitric acid on the arsinic acid. 

2:2'-Dimethyl-5:5'‘arsenobenziminazole, obtained in 60% yield 
by hyposulphite reduction of the above arsinic acid, was a deep 
yellow, amorphous solid, insoluble in water and alkalis, soluble in 
dilute mineral acids. It contains no free amino-group as shown by 
the diazo-alkaline p-naphthol test. On desiccation in a vacuum it 
retained 4 molecules of water, one of which was removed with 
difficulty at 90® (Pound : As, 32-0 ; N, 11*85 ; HgO lost at 90°, 3-9. 
Ci 6 Hi 4N4 As 2,4H20 requires As, 31*0; N, 11*6: IHgO, 3*95%). 

The following three acids were obtained by refluxing 3 : 4-di- 
aminophenylarsinic acid with Sif-hydrochloric acid and formic, 
propionic, or Z-lactic acid for 1 hour, treating the solution with 
charcoal, and neutralising it to Congo-red or litmus. 

Benziminazole-5(6)-arsinic acid crystallised from water in dia- 
mond-shaped plates, identical with the material obtained by 
Baxter and Pargher’s method {loc. cit) (Pound : As, 31*2 ; N, 11*6. 
Calc.: As, 31*0; N, 11*6%). On reduction with sodium hypo- 
sulphite, it gave 6 : 5'-arsenobenziminazole in 60% yield as a yellow 
amorphous solid, insoluble in water, alkalis, and organic solvents, 
soluble in dilute mineral acids, and containing no free amino-group 
(Pound: As, 38*6; N, 14*4. C14H1QN4AS9 requires As, 39*0; 
N, 14*6%). 

2-Ethylbenzimi7hazole-5{&)-‘arsinic acid was purified by the method 
suggested by Christiansen (J, Amer. Chem. Soo.y 1920, 42, 2403) 
for ^amino-4-hydroxyphenylarsinic acid. It formed clusters of 
needles, moderately easily soluble in cold water and alcohol, readily 
soluble in alkalis and dilute mineral acids. The calcitun salt 
separates from a hot aqueous solution in clusters of prisms, soluble 
in cold water ; the magnesium salt is amorphous (Pound : As, 
27*5 ; N, 10*6. CgHiiO^NgAs requires As, 27*8 ; N, 10*4%). 

2-aL-HydroxyethyIbenziminazole-6{^)-arsinic acid, purified by acidi- 
fication of its alkaline solution, formed colourless needles, insoluble 
in cold water and sparingly soluble in boiling water. It forms 
an amorphous magnesium salt (Pound: As, 26*4; N, 10*0. 
G9H11O4N2AS requires As, 26*2; N, 9*8%). The acid was also 
obtaiaed (yield, 1 g. or 40%) when 3 : 4-diaminophenylarsinic 
(2 g.) was heated in a boiEng water-bath for 1 hour with 
acid (6 c.c.), and the solution then diluted with water 
(Pound : As, 26*0%). ' 
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2 : S-Diaminopheiiylarsinic acid has been obtained (D.R.-P. 
256343) by reduction of 2-nitro-3-aininophenylarsmic acid. That 
required for this investigation was, however, prepared as follows ; 
2-Nitro-3-carbethoxyaminophenylarsimc acid (5 g.) (Newbery, 
Phillips, and Stickings, this voL, p. 3053) was dissolved without 
cooling in a solution of sodium hydroxide (5 g.) in water (26 c.c.), 
and glucose (4 g.) was added immediately. A reaction occurred 
during which no ammonia was liberated. When this had subsided, 
the liquid was boiled for 5 minutes, acidified strongly to Congo-red, 
treated with charcoal, and filtered. On neutralisation to Congo-red 
with lOjST-sodium hydroxide and cooling, the diamino-acid separated 
(yield, 1*6 g. or 45%). Purified by Christiansen’s method (Zoc. cit), 
it consisted of colourless plates, m. p, 198° (decomp.), sparingly 
soluble in water. The calcium, barium, and magnesium salts are 
relatively soluble and the acid gives a rich red colour with acidified 
dichromate solution. It differs considerably from the isomeric 
3 : 4-diaminophenylarsinic acid, which gives a characteristic 
insoluble calcium salt (plates), decomposes at 158°, and gives a 
purple colour with acidified dichromate solution. This acid, more- 
over, is considerably more basic than 2 : 3-diaminophenylarsinic 
acid. The orientations of the latter acid, which is undoubtedly an 
o-phenylenediamine derivative, and of 2-nitro-3-carbethoxyamino- 
phenylarsinic acid would therefore appear to be firmly established. 
jBenziminazoIe-4(7)’arsmi€ acid, obtained from 2 : 3-dianiinophenyl- 
arsinic acid and formic acid as described under benziminazole- 
5(6)-arsinic acid, forms colourless prisms, m. p. 277° (decomp.), 
from boiling water, in which it is sparingly soluble (Found : As, 
30-9; N, 11’6%). It is markedly amphoteric, but appears to be 
somewhat less basic than the 5(6)-arsinic acid. The calcium salt is 
amorphous, and soluble in cold but insoluble in boiling water; the 
magnesium salt forms clusters of colourless prisms. 4 : 4:'-Arse9io~ 
benzimimzole is an amorphous yellow solid (Found in substance 
dried at 100° : As, 38-8 ; N, 14*5%), insoluble in water, alkalis and 
organic solvents, but soluble in dilute hydrochloric acid to give a 
hydrochloride, which is precipitated by excess of the mineral 
acid. 

2-Mefh^lbe9izminazoleA(7)-‘amnic acid, obtained in 50% yield 
from 2 : S-diaminophenylarsinic acid and acetic anhydride in the 
presence of boiling 4^" -hydrochloric acid, forms anhydrous needles, 
m. p. 280 — ^282°, from boiling water (Found ; As, 28*9 ; N, 10*7%). 
It is readily soluble in alkalis and dilute mineral acids. Its magnes- 
ium and calcium salts are amorphous. 

2 : 2'‘DinmfhylA : 4^ -arBCTwbmzimimzoU is a yellow, amorphous 
solid, resembling its lower bomologue in all its properties. It can 
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readily be dried in a vacuum, differing from 2 : 2'-dimethyl-5 : 5'- 
arsenobenziminazole (p. 3137) in this respect (Found : As, 36*0 ; 
N, 13-3. CigHi 4 N 4 As 2 requires As, 364; U, 13*6%). 

2-a’‘Bydroxyeth^lbenzimi7iazole~4:{iyaT8inic acid was obtained in 
poor yield from 2 : 3-diaininophenylarsinic acid, Z-lactic acid, and 
AS/'-hydrochloric acid. It forms colourless needles from boiling 
water, is amphoteric, and gives an amorphous magnesium salt 
(Found: As, 26-0; N, 9*5%). 

Condensation of Dibasic Acids with 2 : 3- and 3 : 4^~Diamimphenyh 
arsinic Acids. — (1) Oxalic acid, (a) 3 : 4-Diammophenylarsinic 
acid (2 g.), A&T-hydrochloric acid (14 c.c.), and crystalline oxalic acid 
(1*2 g.) were boiled under reflux for 40 minutes. On cooling, 
2 : Z-dihydroxyquinoxaline-Qffiyarsinic acid separated (yield, 1*5 g. 
or60%). Crystallised many times from boiling water, inwhichitwas 
very sparingly soluble, it formed colourless hexagonal plates, not 
molten at 300° (Found: As, 26*0; N, 9-2. CgH^OgNgAsjHgO 
requires As, 24-8 ; N, 9*2%). It is insoluble in dilute mineral acids, 
but readily soluble in alkalis, giving with sodium hydroxide mono- 
and di-sodium salts. It also forms very sparingly soluble calcium, 
barium, and magnesium salts. 

(b) 2 : 3-Diaminophenylarsinic acid, treated similarly, gave a 
75% yield of 2 : Z-d%hydroxyqiiinoxaline~5{ZyaTsinic acid^ which 
crystallised in prisms not molten at 300°. like its isomeride, it is 
very sparingly soluble in boiling water and gives very sparingly 
soluble calcium, barium, and magnesium salts (Found : As, 24-9 ; 
N, 9*2. CgHyOgNjjASjHgO requires As, 24-7; N, 9*2%). The 
arseno-derivative has properties identical with those of the com- 
pound derived from the isomeric 6(7)-arsinic acid. 

(2) Mahnic acid, (a) 3 : 4-Diaminophenylarsinic acid (2 g.), 
malonic acid (1 g.), and 4iS'-hydrochloric acid (14 c.c.), boiled under 
reflux for 1 hour, gave a trace only of red, amorphous material on 
cooling. The filtrate contained about 1 g. of unchanged diamino- 
acid. The red material was purified by solution in glacial acetic acid 
and reprecipitation by ether. It was insoluble in water, dilute 
mineral acids, and most organic solvents, but readily soluble in 
alkalis, giving neutral solutions (Found : As, 24-8%). 

(b) 3 : 4-Diaminophenylarsinic acid, treated in methyl alcohol 
with ethyl malonate as described by Lewis and Bent (Zoc. cit.), gave 
the same material, which was purified similarly and dried at 90°. 
It appears to be malon-o-phenyleneamide-4-arsinic acid and, unlike 


the quinoxalinearsinic acids, gives soluble calcium, barium, 
magnesium salts (Found : As, 24-8; N, 9-2. Calc, for 
As, 25*0; N, 9*3%). 

(3) Succinic acid. 3 : 4-Diaminophenylarsinic acid {% 
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hydrochloric acid (14 c.c.), and succinic acid (2 g.) gave, on refluxing 
for 1 hour and cooling, a 60% return of unchanged 3 : 4-dianiino- 
phenylarsinic acid. No cycKc arsinic acid could be detected. 

Keseasch Labobatobies, Messes. Mav & Baeee, Ltd., 

Waedswoeth, S.W. 18. [Received, October 23rrf, 1928.] 


CCCCXV. — Glucosides. Part I. The Formation of 
Olucosides from 3:4: 6-Triacetyl Ghicose 1 : 2- 
Anhydride. 


By Wilfred John Hickinbottom. 

A TElA.CET3rL glucose anhydride has been prepared by Brigl {Z, 
physioL Chem.^ 1922, 122, 257), who described it as a crystalline 
solid which reacted with methyl alcohol to yield a triacetyl P-methyl- 
glucoside. This anhydride may therefore prove to be a valuable 
general reagent for the preparation of glucosides, and more parti- 
cularly of glucosides which are not obtained conveniently by the 
usual standard methods. Its reactions with a number of substances 
have been investigated ; those with phenol and with alcohols are 
here recorded. 

Brigl assigned to the triacetyl glucose anhydride the formula (I) 
on the basis of its formation from triacetyl glucosyl chloride (IE), 
the structure of which has been determined by its conversion into a 
triacetyl dichloroglucose (III) and subsequent reduction to 
triacetyl glucal (IV). 




rQHCl 

I 9Hca 

OCH-OAc • 
l^CT-OAc 

CHg'OAc 

(in.) 



(IV.) 


This formulation of the triacetyl glucose anhydride has been 
confirmed by an independent method. The anhydride was con- 
verted, by the interaction of ethyl alcohol and the ethylene oxide 
group, into 3:4: 64rmcetyl ^-ethylghicoside (V), which, by methyl- 
ation with methyl iodide in presence of silver oxide, yielded a 
triacetyl methyl ^-etJtylglueoside (VI). Deacetylation by means of 
alcoholic ammonia, followed by hydrolysis, gave a monomethyl 
glucose. This sugar was characterised by its phmylkydrazom. No 
phenylosazone could be obtained from it. It must be therefore 
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2-methyi glucose (VII), as the methyl group can only replace the 
hydrogen of the remaining hydroxyl group in triacetyl p-ethyl- 
glucoside. 


rCH-OEt 

CH-OH 

0 9H-0AC 

1 CH'OAc 

^9H 

CH2*OAc 

(V.) 


r9H-OEt 
9H-OMe 
09 H* 0 Ac 
pH-OAc 

3H2-OAC 
(VI.) 



3:4: 6-Triacetyl glucose anhydride reacts similarly with other 
primary and with secondary alcohols at room temperature to yield 
[3-glucosides ; methyl alcohol gives a product consisting principally 
of 3:4: 6-triacetyl p-methylglucoside (compare Brigl, Zoc. ciZ.), 
isopropyl alcohol furnishes 3:4: 6-triacetyl p-isopropylglucoside, 
and menthol gives 3:4: 6-triacetyl ^-menthylglucoside. The last 
glucoside appears to be identical with the product obtained by 
Fischer and Bergmann (Ber., 1917, 50, 711) from the reaction of 
menthol with tetra-acetyl glucosyl bromide in presence of quinoline. 
If it is, there must be in Fischer and Bergmann’s product a free 
hydroxyl in position 2. This conclusion is supported by other 
observations which show that in the tetra-acyl glucosyl halides an 
acyl group is more readily removed from position 2 than from 
position 3, 4, or 6. For instance, in 2 : 3 : 4 : 6-tetra-acetyl glucosyl 
bromide the acetyl group in position 2 is eliminated on reduction to 
triaceiyi glucal. Also 2-trichloroacetyl-3 : 4 : 6-triacetyl glucosyl 
chloride yields 3:4: 6-triacetyl glucose by combined reduction and 
regidated hydrolysis (Hickinbottom, unpublished observation) and 
3:4: 6-triacetyl glucosyl chloride by carefully controlled deacylation 
(Brigl, Zoc. ciL), 

The combination of 3:4: 6-triaceiyl glucose anhydride with 
phenols proceeds less readily than with primary and secondary 
alcohols. The anhydride and phenol at 80—100° yield a triacetyl 
phenylglucoside. This was identified as an a-glucoside by conversion 
into a-phenylglucoside and into tetra-acetyl a-phenylglucoside and 
comparison of these substances with au^entic specimens. This 
method of preparing a-phenylglucoside is more convenient than that 
described by Fischer and Mechel (Bcr., 1916, 49, 2813), viz., the con- 
densation of phenol with tetra-acetyl glucosyl bromide in the presen^ 
of quinoline, which yields also a considerable proportion of aoety^ ^^B 
^-phenylgiucosides. 

In all the cases so far examined, the products of the 
of 3 : 4 : 6-triacetyl glucose anhydride (I) with hydroxj'wnij^l®^ 
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are glueosidea of the type (VIII), no derivative of a 2-aliy] glucose 
(IX) having yet been isolated. 


(TOI.) 


-9H-OR 
9H-OH 
~OAc 
•OAe 


CHg'OAc 


r9H*OH 
CH-OR 
icH-OAo 
i CH-OAc 

CHg-OAe 


(IX.) 


To show the relative dispositions of the groups in space, 3:4:6- 
triacetyi glucose anhydride may he formulated as in (X). 



Then (XI) will represent its a-glucosides, and (XII) the corre- 
sponding p-glucosides (compare Drew and Haworth, J., 1926, 2305). 
It is seen that the formation of p-glucosides by the additive union 
with alcohols involves the opening of the ethylene oxide ring so that 
the added groups occupy the iram^-position, Kuhn and Bbel (£er., 
1925, 58, 919) also have demonstrated the franS’Gssion of the 
ethylene oxide ring in ci^-oxidoethylene-ap-dicarboxylic acid to 
yield r-tartaric acid. If it be a general behaviour of ethylene oxide 
rings to yield compounds having ^mrwi-configurations on fission, it 
IS difELcult to explain the formation of 3:4: 6-triacetyl a-phenyl- 
glucoside from 3:4: 6-triacetyl glucose anhydride by the action of 
phenol, unless the a-configuration attributed to the phenylglucoside 
had been wron^y assigned. The spatial distribution of the gluco- 
sidic residue with respect to the rest of the molecule may, however, 
be deduced from other considerations, e.gr., the behaviour towards 
enzymes, the optical rotatory power, and the formation from 
glucosyl halides. The evidence from these sources indicates clearly 
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that the coiihguration of a>pheny}glucoside is not similar to that of 
^-glucosides. 

3:4: 6-Triacetyl glucose anhydride, then, may yield either cis- 
or ^mns-fission products according as it reacts mth phenol or 
alcohols. It appears, therefore, that the configuration of the 
product resulting from the opening of an ethylene oxide ring cannot 
be predicted without reference to the nature of the reactants, and 
probably also to the conditions during the reaction. 

a-Glucosan, according to the structure assigned to it by Hctet 
and Castan {Helv, Chim. Acta^ 1920, 3, 645), 


CH2(OH)-CH-CH(OH)*OH(OH)-CH*CH, 

^ 0 / 


should be the parent substance of 3 : 4 : 6-triacetyl glucose anhydride. 
The reactions of the two substances differ so widely, however, as to 
shed doubt on the accuracy of the above structure. 

The ethylene oxide ring in a-glucosan is surprisingly stable to 
reagents in comparison with that in triacetyl glucose anhydride. 
For instance, a-glucosan may be benzoylated or methylated by 
means of benzoyl chloride or methyl sulphate in presence of aq[ueous 
sodium hydroxide, and it combines additively with methyl io^de in 
methyl-alcoholic solution at 120® (Cramer and Cox, Hdv. Ohim, Acta, 
1922, 5, 884). Pictet and Castan isolated a-glucosan in a crystalline 
state by solution in cold methyl alcohol, followed by evaporation at 
room temperature. Under similar conditions, the ethylene oxide 
ring in 3 : 4 : 6-triacetyl glAcose anhydride, possibly rendered more 
reactive by the presence of the acyl groups, is opened with the 
formation of 3 : 4 : 6-triacetyl p-methylglucoside. 

The anhydride reacts rapidly with methyl alcohol at room tem- 
perature, the formation of the glucoside b^g complete in about 2 
hours for a 5% solution. The rate of reaction with ethyl alcohol is 
slower, but is suJQBciently rapid to prevent the anhydride being 
purified by crystallisation from this solvent. The graphs in Kg. 1 
record the change of optical rotation with time for solutions of 
3:4: 6-triacetyl glucose anhydride in methyl and ethyl alcohols. 


EXEEBIJCnNTAL. 

Preparation o/ 3 : 4 : ^Triacetyl Glucose 1 ; 2‘AnJiydride (I) (com- 
pare Brigl, foe. cii.). — A current of dry ammonia was slowly, 
passed through a suspension of dry, finely powdered 3:4: 6-tri-. 
acetyl glucosyl chloride in 8 — 10 times its weight of dry benzes^lj^ 
3 hours ; the mixture was then k^t and occasionally shA^ ^I^^ 
sealed flask for 15 hours. The ammonium chloride 
removed, and washed with benzene, the filtrate and 
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were jEreed from ammoma in a partial vacuum over concentrated 
sulphuric acid, and the benzene was evaporated under diminished 
pressure at 40° ; addition of light petroleum (b. p. 40 — 60°) then 
jielded a crystalline cake of 3 : 4 : 6-triacetyl glucose 1 : 2-anhydride. 
It separated from a mixture of benzene and light petroleum or from 
the latter solvent alone in platelets, m. p. 57 — after sintering 
at 66°. 

The anhydride may also be obtained by shaking with silver oxide 
a suspension of 3 : 4 ; 6-triacetyl glucosyl chloride in dry chloroform 
for 20 hours. The product, however, is coloured and impure. 


Fio. 1. 



In eihyl ciLcohoh In methyl alcohol. 

JReactian of 3:4: 3-Triaoetyl GbvLoose 1 ; 2- Anhydride mth Hydroxy- 

compounds. 

With Methyl Alcohol. Formation of 3: 4i 3-Triacetyl ^-Methyl- 
ghumide. — ^The reaction, which took place readily in the cold, 
was followed polarimetrically (Z = 2; c = 4*89). 

«(mins.) 7* 16 20 25 30 40 60 120 180 

OD -fe-ll® S-IS** 4-88‘‘ 4-60° 4-37® 4-02® 3-67® 3-34® 3-32^ (const.) 

Similar xesislts were obtained when methyl alcohol containing a 
trace of methylamine was used as solvent. 

Evaporation of the solvent yielded a viscid residue, from which, 
by crystallisation from absolute alcohol, pure 3:4: 6-triacetyl 
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P-methylglucoside *was obtained in prisms, m. p. 95 — 97°, [a]© + 19® 
(Brigl, he, cit, gives m. p. 96 — 98°, [aj^ + 9-4°). 

Acetylation in pyridine yielded tetra-acetyl p-metbylglncoside 
which, alone or mixed with a genuine specimen, melted at 101 — 103°. 

With Ethyl Alcohol, Formation of 3:4: Q-Triacetyl ^-EthyU 
glucoside (V). — solution of 3 : 4 : 6-triacetyl glucose anhydride in 
ethyl alcohol deposited on spontaneous evaporation 3:4: h-iriacetyl 
^•ethylglucoside in prisms, m. p. 121°, [aj^ + 144° in ethyl alcohol 
tc= 2-57) (Found: C, 50-1; H, 6-7. requires 0, 50*3; 

By slow crystallisation from ethyl alcohol, massive 
prisms may be obtained having bevelled ends and hexagonal 
cross-section. 

The following rotations were observed for a solution of the 
anhydride in ethyl alcohol (c = 4*81, Z = 2) at 22° : 


0-13 0-20 0*33 0*55 0*88 1*00 1-67 

OD +5-90® 5*87® 5*74° 5-67® 5-32® 5*23® 4-75® 

Mhrs.) 3*07 3*83 4*85 22*20 26*70 

ttD 4*15® 3*82® 3*63° 2*84® 2*89® (const.) 


The end-point may be reached more rapidly by heating the 
solution. 

The observed constant rotation gives [a]i> + 25*9°, calculated as 
for triacetyl ethylglucoside. This value is greater than the specific 
rotation for pure triacetyl P-ethylglucoside in ethyl alcohol. In 
other experiments also, both with methyl and with ethyl alcohol, 
the specific rotation of the final solution was greater than that of the 
pure p-glucoside. It is evident that a small quantity of Another 
substance having a relatively high specific rotarion is formed. 

Acetylation of the triacetyl p-ethy!^lucoside with acetic anhydride 
in pyridine solution gave 2:3:4: 6-tetra-acetyl p-ethylglucoside, 
m, p. 105 — 106°, which was identified by comparison with a genuine 
specimen (Found : C,61-6; H, 64. Calc.: C,6M5; H, 6*6%). 

M€£hyh^ion of 3:4: Q4riaceiyl ^-ethylglucoside. Formation of 
3:4: Q4riacetyl-2-melhyl ^-ethylglucoside. Pure triacetyl p-ethyl- 
glucoside (0*76 g.) dissolved in an excess of methyl iodide (18 g.) was 
heated under reflux, with the addition of pure dry silver oxide at 
intervals during a period of 30 hours. A further 10 g. of methyl 
iodide was then added, and the heating continued for 10 hours. 
Dilution with ether, filtration, washing with ether, and evaporation 
of the filtrate and washings under diminished pressure gave a syrup , 
which rapidly solidified. Crystallisation from ethyl alcohol furi^^^B 
pure 3:4: 6-iri(icetyl-2-meihyl ^-ethylglucoside in needles, 

95— 96° (Found : 0,51*9; H, 6*95; OMe + OEt, 21-65. , 
requires C, 52-05; H, 6-7; OMe + OEt, 21-9%). 
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ethyl alcohol {c = 1-01). This glucoside is soluble in benzene, 
acetone, carbon tetrachloride, and chloroform and moderately 
easily soluble in cold ethyl alcohol ; it is less readily soluble in light 
petroleum (b. p. 40 — 60°), from which it crystallises in slender 
needles. 

2-Methyl p-ethylglucoside was obtained as a syrup by removal 
of the solvent from the product of the action of alcoholic ammonia 
on triacetyl-2-methyl P-ethylglueoside. 

Hydrolysis of 2-methyl p-ethylglucoside with 0*7A"'-hydrochlorie 
acid at 95° for 25 hours, followed by evaporation under diminished 
pressure after removal of the hydrochloric acid by addition of 
silver carbonate, gave 2-methyl glucose as a gum containing a- and 
P-forms. It was characterised by its fhenylhydrazme, m. p. 176 — 
176° (Found : ST, 9*4. Ci 3 H 2 o 055 f 2 requires 55“, 9*9%), 

2-Methyl glucose was also prepared from p-methyl 3:4: 6-tri- 
acetyl glucose by methylation with methyl iodide and silver oxide, 
followed by deacetylation and hydrolysis. A detailed description 
of this sugar and its derivatives will be given inalater communication. 

With i&oPropyl Alcohol. Forrmtioni of 3:4: Q-Triacetyl ^-iso- 
Propylghtcoside . — ^Evaporation of a solution of the anhydride in 
isopropyl alcohol which had been kept for several hours gave 
3:4: 6-triacetyl p-isopropylglucoside. It crystallised only slowly 
and on acetylation with acetic anhydride in pyridine solution yielded 
2:3:4; 6-tetra-acetyl ^-isopropylglucoside, which separated from 
alcohol in needles, m. p. 134 — 135° (Found : C, 52*3 ; H, 6-8. 

requires C, 52*3; H, 6*7%). [ajo — 23*4° in alcohol. 
The tetra-acetyl glucoside is sparingly soluble in water and only 
moderately easily soluble in cold ethyl alcohol. 

With Bemyl Alcohol. Formation of 3:4: Q-Triacetyl ^-Benzyl- 
glucoside. — 3 : 4 : 6-Triacetyl glucose 1 : 2-anhydride was heated at 
100° with benzyl alcohol. After 2 hours, the excess of alcohol was 
removed under diminished pressure at 100°. The residual 3:4:6- 
triacetyl benzylgluooside, after being washed with light petroleum, 
was converted into p-benzylglucoside, m. p. 119°, [aj^ — 49°, by the 
action of alcoholic ammonia. 

Acetylation of the benzylgluooside yielded 2:3:4: 6-tetra-acetyl 
P-benzylgluooade, m. p. 98 — 99°, [ajj, — 44° in alcohol (Found : 
0,67-6; H, 6*0. Calc. : 0, 57-7; H, 6*0%). Fischer and Helferich 
{Annahn^ *1911, 383, 68) give m. p. 96—101° (oorr.), [aj^ — 48°. 

With M&nffiol. Formation o/ 3 : 4 : %-Triaceiyl ^-Menthylglucoside. 
— The anhy^o-compound was heated with an equal weight of benz- 
ene and three times its weight of menthol at 90 — 100° for 30 hours. 
The excess of menthol was removed under diminished pressure at 
100°, leaving a residue of 3:4: 6-triacetyl menthylglucoside. A 
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filtered solution in ether, on treatment with light petroleum, gave 
triacetyl menthylglucoside, which was crystallised from carbon 
tetrachloride or alcohol ; m. p. 144® after sintering at 141®, [aj^ 
•“ 10*6° in benzene. g-Menthylglucoside was obtained conveniently 
from the triacetyl glucoside by the action of aqueous-alcoholic 
potassium hydroxide. Fischer and Bergmann (Ber., 1917, 50, 711) 
describe a triacetyl p-menthylglucoside having m. p. 143 — 146®, 
and [a]i> — 12-6® in benzene. 

With Phenol. Formation o/3 : 4 : 6-Triacetyl 0L-Phe7iylglucoside , — 
As phenol and the anhydro-compound in benzene reacted only 
slowly at room temperature, a mixture of phenol with approximately 
one-third of its weight of 3:4: 6-triacetyl glucose anhydride was 
maintained at 100® for about 20 hours. After removal of unused 
phenol at 100® under diminished pressure, the residue of triacetyl 
phenylglucoside was acetylated in pyridine solution. Crude 
2:3:4: 6-tetra-acetyl a-phenylglucoside, m. p. 109 — 110°, resulted, 
and by one crystallisation from alcohol, the melting point was 
raised to 112®. This value was not altered by further recrystal- 
lisation or by admixture with a genuine specimen of tetra-acetyl 
a-phenylglucoside. [a]£> -f- 162° in alcohol (c = 1-0). Fischer and 
Mechel (loc. cit) give m, p. 115° (corr.), [a]j> + 164*9® in benzene. 

A solution of tetra-acetyl phenylglucoside in twenty times its 
weight of dry alcohol was saturated with dry ammonia at room 
temperature and then kept for 16 hours. Aiter removal of the 
alcohol at 30® in a partial vacuum, and thorough washing with dry 
ether to remove acetamide, the residue solidified, m. p. 168 — ^169®. 
Crystallisation from ethyl acetate gave o.-phenylglnco8ide hydrate, 
m. p. 155 — 160°, 157® in alcohol (Found : C, 52*8; H, 6*7. 

CigHi^OfijHsO requires C, 52*5; H, 6*6%). 

The author wishes to express his indebtedness to Frofessor W. N. 
Haworth, F.R.S., for his interest and his valuable advice. 

Univebsity op BiEisiiirGHAar, 

EDGBAST 02 T. [Received, October 6th, 1928.] 


CCCCXVI . — The Structure of the Normal Mono- 
saccharides. Part V. Lyxose. 

By Edmuot Lastgley Hirst and James Astdeew BuciHAisr 

It has been shoTni (J., 1923, 123, 1352 and subsequent papers) ' 
when the nonnal trimethyl denratiT^ of xylose, arabisdse^<4i|^ 
rhanmose are oxidised by nitric acid the reaction leads in each case 
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to the formation of a trimethoxyglutaric acid. This implies that 
in each of these three trimethyl pentoses the methoxyl groups 
are attached to the second, third, and fourth carbon atoms, and 
that the oxygen of the ring must be attached to the fifth carbon 
atom. The normal trimethyl pentoses are known to possess the 
same oxide ring structure as the corresponding normal methyl- 
pentosides, and it follows, therefore, that the normal forms of 
methylxyloside, methylarabinoside, and methylrhamnoside contain 
the amylene-oxide rmg and belong to the pyranose group of sugar 
compounds. 

Similar experimental methods have been now applied to determine 
the structure of a-methyl-lyxoside and definite proof has been 
obtained that this substance and its derivatives are of the pyranose 
type and thus conform to the general rule followed by normal sugar 
derivatives. Moreover, in view of the optical relationships which 
exist between the a-form of lyxose and a-methyl-lyxoside (Phelps 
and Hudson, J. Amer, Ghem. Soc.^ 1926, 48, 503), this variety at least 
of the free sugar may be presumed to possess the pyranose structure. 
An examination of the structural relationships which exist between 
the a- and ^-modifications of lyxosehas been contributed in an earlier 
paper (Haworth and Hirst, this voL, p. 1221). 

The normal trimethyl lyxose required for the oxidation experi- 
ments was prepared by methylating crystalline a-methyl-lyxoside 
with Purdie’s reagents. This method of preparation ensures the 
formation of a trimethyl methyUyxoside, retaining the oxide ring 
structure of the original a-methyl-lyxoside. Other experiments 
showed that the same pyranose form of trimethyl methyl-lyxoside 
was produced by the direct methylation of lyxose with methyl 
sulphate. Hydrolysis of the trimethyl methyl-lyxoside gave 
crystalline trimethyl lyxose, m. p. 79°. The constitution of this 
substance as 2 : 3 : 4-trimethyl lyxose followed at once from a study 
of its oxidation by nitric acid, and also from the nature of the 
obtained from it by the action of bromine 
water. The lactone, which was characterised by the preparation 
of the corresponding crystalline phenylhydrazide, m. p. 180 — 181°, 
displayed the behaviour typical of a S-lactone. Polarimetric 
observations during its hydrolysis in aqueous solution showed that 
equilibrium was attained in about 60 hours, and that some 9% of the 
lactone then remained unchanged. When oxidised with nitric 
acid the lactone gave exclusively d-trimethoxyglutaric acid, which 
was identified both as the crystalline amide, the enantiomorph 
of which was originally prepared from Z-arabinose (Hirst and 
Eobert-son, J., 1926, 127, 368), and as the methylamide (Groodyear 
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and Haworth, J., 1927, 3146; see also Haworth and Jones, ihtd., 
p. 2349). 



d-hyxose. 


H-C-OMe 

HO-C-H 

HO-C-H 

H-O-OH 

CHj ' 

a-Methyl-lyxoside. 




CH-OH . 
MeO*6H 0 
MeO-9-H 
H-9-OMe 
CHa— 

2:3: 4-Trimethyl lyxose. 


6o 

MeO-9-H I 

MeO-9-H ® 
H-9-OMe 
CHa 

Trimethyl-S-lyxonolactone. 


90aH 

MeO-C-H 

MeO-9-H 

H-O-OMe 

COaH 

d-Trimethoxyglutaric acid. 


These results were in themselves sufficient to warrant the alloc- 
ation of the pyranose structure to a-methyl-lysoside, but in order to 
render the evidence as strong as possible, experiments were made to 
determine the effect of nitric acid on trimethyl methyl-lyxoside. 
The product of the reaction was again d-trimethoxyglutaric acid, 
the pure distilled methyl ester of which was obtained in yields 
corresponding to 80% of the theoretical. Erom the ester 88% of 
the theoretical quantity of pure crystalline d4rimethoxyglutaramide 
was isolated. Since the methylation of methyl-lyxoside proceeded 
ahnost quantitatively, it follows that by this method, in spite of the 
lengthy series of operations involved, some 70% of the calculated 
quantity of d-trimethoxyglutaramide can be obtained from methyl- 
lyxoside. Control experiments have shown that, under the experi- 
mental conditions adopted, nitric acid is without appreciable effect 
on the products of oxidation, and no product other than trimethoxy- 
glutaric acid could be detected in the present case. In none of the 
numerous investigations in which this mode of oxidation has been 
employed has there been any sign of the migration of methoxy- 
groups under the influence of nitric acid, and the results obtained 
are boih mutually consistent and in agreement with the evidence 
furnished by independent chemical methods of examination. 

Emphasis is laid on the foregoing considerations in view of the 
total disagreement which exists between the conclusions now drawn 
from the chemical evidence and the views of Phelps and Hud^|^ 
(Zoc. ciL), who assign to a-methyl-lyxoside and its derivati’«^& 
butylene-oxide formula. These authors have compared 
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oular rotations of the two pairs of epimerio substances a-methyl- 
lyxoside and a-methylxyloside, and a-methylmannoside and a-methyl- 
glttcoside. They find between each pair a difference in [jJ/Jd of about 
15,500 units, which is taken to indicate the existence of similar 
structural relationships between the members of each pair, a con- 
clusion with which the experimental results now presented are in 
complete agreement. Since, however, they regard a-methylxyloside 
and a-methylmannoside as 1 : 5-oxides and a-methylglucoside as a 
1 : 4-oxide, it is argued that a-methyl-lyxoside must be similar in 
structure to a-methylglucoside and therefore a 1 : 4-oxide. In a 
later paper (J. Aumr. Chem. Soc., 1928, 50, 2049) they reach similar 
conclusions from a study of the rotations of the acetylated derivatives 
of these four methyl-glycosides, the a-methylglucoside used for 
comparison being now the hypothetical 1 : 5-compound whose 
rotation has been calculated by Hudson. It is obvious that the 
validity of this mode of reasoning is dependent on the certainty with 
which the furanose structure can be assigned to a-methylglucoside 
and the pyranose structure to its hypothetical isomeride. It will be 
remembered that as a basis for the argument used in demonstrating 
the presence of a 1 : 4-ring in a-methylglucoside Hudson (J. Amer. 
Chem, Soc,y 1926, 48, 1424, 1434) accepted the pyranose structure 
of a-methylxyloside and of a-methylarabinoside on the ground 
that it had been established experimentally by oxidation methods. 
It is evident, therefore, that experiments of a precisely similar 
nature carried out with a-methyl-lyxoside would provide a critical 
test of the accuracy of the optical method in assigning ring structures. 
These experiments have now been performed, and the results permit 
of no reasonable interpretation other than that a-methyl-lyxoside 
possesses a pyranose structure. A furanose structure was, how- 
ever, deduced from the optical data and an obvious inconsistency 
is thus made manifest, which can be removed most simply by accept- 
ing the chemical evidence for the pyranose structure of a-methyl- 
glucoside. If this be done, the optical relationships existing between 
the four methylglycosides considered by Phelps and Hudson then 
agree with the chemical evidence in supporting the pyranose struc- 
ture of all these compounds. It thus follows that the observations 
now recorded lend additional support to the reasons which have 
already been advanced (Drew and Haworth, J., 1926, 2303 ; Haworth 
and Hirst, foe. cit) for doubting the validity of certain assumptions 
made by Hudson in deducing the furanose structure of a-methyl- 
glucoside. 

, Experimental. 

Trimethyl Me^i^ysmide, — Crystalline methyl-lyxoside (m. p. 
109®) (7-2 g.) was dissolved in methyl iodide (20 c.c.) and treated 
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with silver oxide (35 g.) in the usual maimer. After the fourth 
successive methylation under these conditions the product was 
distilled, giving trimethyl metJiyl-lyxoside as a colourless mobile oil 
(8-7 g.), b. p. about 7070-02 mm., 1-4460, [aa + 10° in water 
(c = 2-61), + 37-3° in alcohol (c = 4-05). The substance, 

which possessed typical glueosidic properties, resisted all attempts 
to crystallise it. The absence of oxidation products in the form of 
lactones or esters was proved by heating a weighed portion (0-196 g.) 
for 30 minutes with 5 c.c. of .ST/lO-sodium hydroxide, 5 c.c, of 
i^/lO-sulphurio acid being then required to titrate the remaining 
alkali. The mode of preparation and its specific rotation indicated 
that the trimethyl methyl-lyxoside consisted largely of the «-iso- 
meride (Found ; C, 51-8 ; H, 8-7 ; OMe, 58-8. CjHigOg requires 
C,52-4; H,8-7; OMe, 60-2%). 

TrimeHhyl Lyxose . — ^Trimethyl methyl-lyxoside (4-0 g.) was 
hyilrolysed by heating it at 100° with 6% aqueous hydrochloric 
acid (120 c.c.). In the course of one hour the specific rotation 
altered from [«]^, + 7° to a constant value ■— 19°. The 
hydrochloric acid was then neutralised with barium carbonate and 
the trimethyl lyxose was extracted from the solution by chloroform. 
The product (3-6 g.) was distilled, givir^ a mobile, colourless liquid, 
(3-3 g.), b.p. 90°/0-05 mm., 1-4029, After being kept for 12 
hours, the distillate became viscid and finally set to a solid glass, 
which Gr 3 ^allised when rubbed. In subsequent experiments the 
distillation was omitted and the tramethyl lyxose crystallised when 
nucleated (yidd, 85%). Becrystallfeation from l%ht petroleum 
gave trimethyl lyxose in long needles, m. p. 79°, — 22° in 

water (equilibrium value; o = 2-01) (Found: 0, 60-0; H, 8-4; 
OMe, 48-2. CgHijOg requires C, 60-0; H, 8-3; OMe, 48-4%), 

The mutaxotation of normal trimethyl lyxose was rapid in aqueous 
solution, the equilibrium value being reached in less than 30 minutes 
at 21°, The following table gives the details of a tyiueal experiment 

(d = 2-01). 


Time (mins.) Z-5 3-3 4-3 6-0 7-8 10*0 

[a]^’ -11-9“ 13-4“ 14-4“ .14-9“ 15-9“ 17-4“ 

Time (mins.) 11-8 15 20 28 250 

[o]^* 17-8“ 19-4“ 21" 21-8“ 21-8“ 


From these figures the initial rotation was calculated to be [a]^ 
— 10°, and the mean value for -f ig was found to be 0-045 (t in 
mins.). ObserTati(ms were made of. the ^ecific rotation in methyi 
alcohol containing 1% of hydrogen chloride before and after heaii^’’ 
the solution. The values were respectively [ot]^’ — 7'1“ ifi 
and [«^‘ + 21° (c » 0-83). in the latt^ case the 
is that of the trimethyl methyl-lyxoside formed during tiw Steb^Qii 
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and the observation gives the specific rotation of the equilibrium 
mixture of the a- and p-isomerides of normal trimethyl methyl- 
l3rxoside. 

MeffiylcUion of Lyxose with Methyl Sulphate. — ^Lyxose {10 g.), dis- 
solved in the least possible amount of water, was treated with methyl 
sulphate (76 c.c.) and 50% aqueous sodium hydroxide solution 
(140 C.C.), the usual precautions being taken. The product (12 g.) 
was then subjected to two successive methylations with methyl 
iodide and silver oxide. On distillation, trimethyl methyl-lyxoside 
was obtained as a colourless oil (10'6 g.), b. p. about 70^/0*02 mm., 
1*4471, [a]g‘ — 6° in methyl alcohol (c = 1*44). After being 
heated with methyl alcohol containing 1% of hydrogen chloride, 
the trimethyl methyl-lyxoside gave as the equilibrium value 
[a]D* + 20*6®. The trimethyl methyl-lyxoside prepared in this 
manner therefore contained excess of the p-isomeride, and gave the 
same equilibrium value for the specific rotation as normal trimethyl 
methyl-lyxoside (Found : OMe, 58*8. Calc. : OMe, 60*2%). 
Further evidence confirming the absence of the furanose isomeride 
was obtained in the following way. During hydrolysis with 6% 
aqueous hydrochloric acid, the rotation of the solution changed to 
[ag* — 22® (calculated as trimethyl lyxose), which is very near to 
the value recorded for normal trimethyl lyxose, and the yield of 
crystalline trimethyl lyxose, m. p. 79®, isolated after hydrolysis 
was 90% of the theoretical. 

TrimethyhlyxoTwlactone. — solution of trimethyl lyxose (9 g.) 
in water (60 c.c.) was treated with bromine (8 — 10 c.c.), the bromine 
being added gradually and the temperature maintained at 35® until 
the reducing properties of the solution had disappeared. This 
required several days, after which the excess of bromine was 
removed by aeration. The solution was then neutralised with 
silver oxide and filtered and the dissolved silver was removed as 
silver chloride by addition of the exact quantity of hydrochloric 
acid, the end-point being determined with the aid of Congo-paper. 
The water was then removed under diminished pressure. The 
residual syrup was heated at 100®/12 mm. for some hours to com- 
plete lactmusation and was then distilled, giving irmethyl-B4yxono- 
hctom as a liquid, b. p. 106®/0*02 mm., 1*4620 (yield, 8*0 g.). 
[«]d‘ + 36'6® (mitial value) ; [a]g* — 9*3® (equilibrium value), 
both in water (c = 1*2) (Found: C, 60*3; ^ 7*4; OMe, 49*1. 
08 Hj 40 g requires 0, 60*6; H, 74; OMe, 48*9%). 0*1232 G- of the 
substance required 7*0 c.c, of jST/lO-sodium hydroxide for neutralis- 
ation (calc., 6*9 c.c.). 

The lactone, cdthough analytically pure, could not be made to 
crystallise. When, however, it was heated on the water-bath with 



THE NORMAL MONOSACCHARIDES. HART T. LYXOSE. 3153 


the exact quantity of phenylhydrazine dissolved in a little ether, it 
readily formed the crystallbie phenylhydrazide of the coiresponding 
acid. The solid product (yield 80%), after being washed with ether, 
was found to be the pure fhmylhydrazide of 2:3; 4-trimethyl- 
iyxonic acid, m. p. 180 — 181®, remaining unaltered after two 
recrystaUisations from benzene (Found : 0, 56-5 ; H, 7-7 ; N, 9-6 ; 
OMe, 30-9. O14H22O5N2 requires 0, 56-3; H, 74; N, 94; OMe, 
31-2%). 

Attempts to obtain the lactone in a crystalline condition by 
regenerating it from the crystalline phenylhydrazide yielded 
material identical with that described above. 

Hydrolysis of the lactone. The velocity of hydrolysis in aqueous 
solution was determined by polarimetric observation,- the mean 
value for being 0*027 at 19® (t in hours). Equilibrium was 

reached in about 3 days at 19®. The rotation of the corresponding 
acid was obtained in the following manner. A weighed amount of 
the lactone was dissolved in excess of standard sodium hydroxide 
solution. The exact amount of sulphuric acid equivalent to the 
alkali was added, and the rotation was observed immediately; 
[«]d’ 13*4® (calc, as lactone). The proportion of lactone present at 

equilibrium was therefore 9*1%. 


t (3bifi,), 


% Lactone. 

t (hrs.). 


% Lactone. 

0 

+35-5° 

100 

61-6 

-7-7° 

12-4 

18-0 

5-1 

38-3 

. 66-5 

9-3 

9-1 

27-8 

- 0-8 

26-4 

90-5 

9-3 

9-1 

42-5 

6-1 

15-6 

200 

9-3 

9-1 


Oxidoition of Tri7neffi,yldyxonol(icto7ie. — ^A solution of the lactone 
(1*6 g.) in nitric acid {d 1*42; 25 c.c.) was heated gently on the 
waiter-bath until the vigorous reaction had ended, and then for 
1 J hours at 90°. The nitric acid was removed by distillation under 
diminished pressure, and the syrupy residue boiled for 5 hours with 
3% methyl-alcoholic hydrogen cUoride (25 c.c.). The solution, 
after being neutralised with silver oxide, was evaporated to a syrup, 
which gave on distillation methyl trimethoxyglutarate {1-6 g., or 
76% of the theoretical), b. p. about 100°/04 mm., 14353, 
[a]g* — 39° in methyl alcohol (c = 0*4), [a]g — 31° in water 
(c == 1*51) (Found : OMe, 69*0; COgMe, by titration, 46*2. Calc. : 
OMe, 62*0; COgMe, 47*2%), Treatment of the ester with methyl- 
alcoholic ammonia gave trimethozyglutaramide, m. p. 230° 
(decomp.), [a]g“ — 49° in water {c = 0*7). Methyl-alcoholiq. 
methylamine gave similarly the methylamide, m. p. 171 — 17H| 
alone or when mixed with a specimen of the methylamide ai MSm 
trimethoxyglutaric acid obtainable from tetramethyl-8-ma|^^^P 
lactone (Goodyear and Haworth, he. cit). The high 
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amide and methylamide (in each case, more than 70% of the 
theoretical) served to prove the homogeneity of the liquid ester. 

Additional oxidation experiments were performed in order to 
determine the largest possible 3 delds of crystalline trimethoxy- 
glutaramide obtainable from a-methyi-lyxoside. For this purpose 
trimethyl methyl-lyxoside (prepared as above from a-methyl- 
lyxoside) was heated with nitric acid (d 1*42) under conditions 
exactly similar to those given above for the oxidation of the tri- 
methyl-lyxonolactone. In this way 1*6 g. of trimethyl methyl- 
lyxoside gave 1*7 g. of distilled methyl trimethoxyglutarate, 
wg' 1*4355, [ajg* — 34® in water (c = 1*3). 

The values now recorded of [ajg* for methyl trimethoxyglutarate 
are regarded as more nearly correct than those given in earlier 
papers (compare Hirst and Eobertson, foe. ciL ; McOwan, J., 1926, 
1747), Dilute nitric acid was used in the previous work and it is 
probable that the ester then obtained contained a little trimethyl- 
S-arabonolactone, insufficient in amount to affect the analyses but 
sufficient, owing to the exceedingly large rotation of the lactone, to 
affect the observed rotation value. That no racemisation or 
structural change has occurred in the present experiment is proved 
by the fact that nearly theoretical yields (88%) of the crystalline 
amide, m. p. 230° (decomp.), were obtained when the ester was 
treated with methyl-alcoholic ammonia. The specific rotation of 
this amide, [a]g* — 49° in water (c = 0*9), agreed exactly with the 
observations previously recorded. The overall yield of amide from 
a-methyl-lyxoside was therefore 70%, The corresponding methyl- 
amide, m, p. 171 — 172°, was also prepared from the ester (yield 80%). 

The authors wish to thank Professor W. N. Haworth, D.Sc., F.E,S., 
for his interest in this work, and one of them (J. A. B. S.) desires to 
express his gratitude to the Department of Scientific and Industrial 
Research for the award of a maintenance grant, and to the Chemical 
Society for a grant which has in part defrayed the cost of the 
experiments. 
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CGCGSyil. -r-Hyd^oxy-derivatives of Thiomntkone 

Dioxide. 

By WniiJAM Bennett Peiob and Samuel Ssolbs. 

Dubinq an ezaminatiem of the abnonnal properties of l-methozy> 
and l-hydrozy-lShiozaathanes a compaxisou mth the correspondi^ 
sulphoues was desirable. The only method hitherto used for the 
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preparation of substituted thioxanthone dioxides is the oxidation 
of the corresponding thioxanthone with hydrogen peroxide or 
similar agents {IUlmann and Glenck, -Ber., 1916, 49, 2491). This 
process is generally valuable, but the application to hydroxythio- 
xanthones is not always successful, particularly in the case of 
1 : 4-dihydroxy-derivatives. An eflfective process leading to the 
1 : 4-dihydroxythioxanthone dioxide and certain of its derivatives 
has been found in the action of 2-sulphinobenzoic acid uponp-benzo- 
quinones. In accordance with the general behaviour of sulphinic 
acids with quinones (Hinsberg, Ber.^ 1894, 27, 3259) 2 : 5-dihydroxy- 
diphenylsvlphone-2' -carboxylic acid (I) was obtained which by 
dehydration yielded the thioxanthone dioxide (11). 



The interesting quinone (III) was isolated w’hen this 1 : 4-di- 
hydroxy-derivative was oxidised with lead tetra-acetate. The union 
of 2-sulphinobenzoic acid with simple jj-quinones such as tolu- 
quinone and chloxobenzoquinone took place easily and even with 
quinizarinquinone the substituted phenylanthraquinonyisulphone 
(IV) was obtained, but in this case dehydration yielding the thio- 
xanthone dioxide could not be effected. Union of 1 : 2-naphtha- 
quinone and this sulphinic acid did not take place in the normal 
manner, but gave an unstable additive product containing an 
additional molecule of water. Dehydration of this material by 
heating it alone or in solvents removed water (2 mols.) and gave a 
product which is to be regarded as the sulphoxide (V) derived from 
1 ; 2-naphthaquiaone, since it yielded a phenylhydrazone and a 
phenazine and on being heated with acetic anhydride gave the 
naphthathioxanthonequinone (VI). 

C6H4<::So>C6H(OH),--®^2>C6H4 Ci^6(:0)8-S0-CeH4-C02H 

(IV.) HOjC (V.) 

C6H4<^^ioH4(:0)a (VI.) 


The 2-thiobenzoic group could be easily removed from this 
j)rimaiy additive product by reduction, whereas this group in the 
i^phoxide quinone (V) was relatively stable to mild reducing agents. 
For tb^ reasons it is suggested that the primary product of reacts^; 
between 1 : 2-naphthaquinone and 2-8ulphinobeDzoic acid " "" 
represmted by the structure (VII), the sulphinic add react 
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tautomeric hydroxy-form E-SO*OH, This case is evidently similar 
to that encountered by Hinsberg (-Bar., 1919, 52, 28) in the union of 
1 : 4-naphthaquinone Trith naphthalene-l-sulphinic acid. Hinsberg 
isolated from these reagents an additive product which under the 
action of heat lost water and was converted into the sulphoxide 
(compare V) derived from 1 : 4-naphthaqiiinone. It was thought 
that this abnormal behaviour of naphthalene-l-sulphinic acid and 
of 2-sulphinobeiizoic acid might be associated with the ortho- 
substituent contained by them, but preliminary experiments with 
other ortho-substituted sulphinic acids and 1 : 2-naphthaquinone 
have given the usual type of sulphone. Further investigation of the 
necessary conditions is being made. 


SOo OMe SOo OMe 



(VII.) (Vin.) (IX.) 


In a study of the methylation of these hydroxythioxanthone 
dioxides in alkaline media the usual inhibitory effect of the ortho- 
carbonyl group was observed in the 1 -hydroxy-derivatives. For 
instance, the 2-methoxy- and 2 : Z-dimefJioxy4hioxanfhme dioxides 
were easily obtained from the hydroxy-compounds by this method, 
but the 1 : 4-dihydroxy-derivative (II) was only slightly attacked 
even under intense conditions, the chief product being then l-Jiydroxy- 
4,-mefJioxythioQsant7i07ie dioxide (IX). The ortho-sulphonyl group 
does not exert this inhibitory effect in alkaline methylation. For 
example, p-cresol-o-sulphone was rapidly alkylated and 2 : 5-di- 
hydroxydiphenylsulphone-2'-carboxylio acid (I) gave almost 
theoretical yields of the ester (Vin). Similar results were obtained 
with other hydroxy-sulphones. 

Expebimental. 

When equimolecular quantities of 2-sulphinobenzoic acid and 
y-benzoquinone or its simple derivatives were shaken with water 
(100 c.c. : 2 g. of reagents) reaction was complete in 1 — 2 hours. A 
small quantity of tarry material was usually formed; this was 
removed and the desired product, which separated from the 
liquid, was collected. The following are examples of hydroxy- 
derivatives of diphenylsulphone obtained by this method. 2 : 
JiydTOxydijphenylsulpkone-2' -carboxylic acid (I), from p-benzoquinone 
and 2-sulpMaobenzoio acid, formed prisms, m, p. 235° (Found : 
C, 63*0; H, 3-6; S, 10-8. CigHioOeS requires 0, 53*0; H, 34; 
*S, 10*8%). Thb diacetyl derivative, needles from acetic acid, had 
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m. p. 188° (Found: C, 53*9 ; H, 3-8. reqv^es C, 63?9; 

H, 3*7 %). When methyl sulphate (5 mols.) was added to a hot 
solution of this dihydroxy-acid (1 mol.) in aqueous sodium hydroxide 
(6 mols.) an almost theoretical yield of methyl 2 : 5-dimefhoxy- 
diphmyl8ulp7ione‘2'- carboxylate (VIII), m. p.l95°, separated (Found: 
0,57-1; H,4-7. CieHieOgS requires C, 57-1 ; H,4-7%). Hydro- 
lysis of this ester yielded 2 : 0‘dimethoxydiphenyl8ulphone-2' ^carb- 
oxylic acid, which separated in plates, m. p. 223°, from acetic acid 
(Found: 0,65-7; H, 4-2. C 15 H 14 O 6 S requires 0, 55-9 ; H, 4*3%). 

Methyl-2 : 5-dihydroxydiphenyl&idphone-2' -carboxylic acid, from 
2-sulphinobenzoic acid and p-toluquinone, formed needles, m. p. 203° 
(Found : 0, 54-4 ; H, 3-8. O 14 H 12 O 6 S requires 0, 54-5 ; H, 3-9%). 

Chloro-2 : 5-dihydroxydiphmylsulphone-2' -carboxylic acid, from 
cblorobenzoquinone and the sulphinic acid, separated from acetic 
acid in fine needles, m. p. 210° (Found : 0, 47*4 ; H, 2-8. CigHgOgQS 
requires 0, 47-4; H, 2-7%). Sulphones of this type which form an 
intermediate stage in the synthesis of thioxanthone dioxides may also 
be obtained by oxidation of the corresponding sulphides, these being 
available from the reaction of phenols vuth the diohloride of 2 -suI- 
phinobenzoic acid (this voL, p. 2859). In certain cases this altern- 
ative may not be available. For example, when 2 ; 4-dihydroxy- 
2 '-carboxydiphenyl sulphide (this voL, p. 2862) was treated in the 
usual manner with hydrogen peroxide or similar agents the required 
sulphone could not he isolated, and restricted action of hyt^n^mi 
peroxide led to 2 : A-dikydToxy-2'-cairboxydiphenyl stSphoxide, 

which gave a purple solurion with 
sulphuric acid and had m. p. 204° (Found: C, 56-3; H, 3-7. 
C 13 H 10 O 5 S requires 0, 56-1; H, 3-6%). This did not yield the 
corresponding thioxanthone with the usual dehydrating agents. 

2-Quinizarinpkenyleudphone-2*-€afboxylic Acid (IV). — Acetic acid 
(20 c.c. ; 1 g. of reagents) cantaihing equal weights of quinizarin- 
quinone and the sulphinic acid was boiled until separation of the 
products began. The milpTicm was collected from the cooled liquid 
and purified from nitrobenzene ; it formed red needles, m. p. 263°, 
and gave a blue solution in aqueous alkali hydroxide (Found : C, 
59-2 ; H, 2-9. CgiH^gOgS requires C, 594 ; H, 2 - 8 %). 

Derivatives of TMoxardhorte Dioxide , — Condensation of the 
2 -carboxy-derivatives of diphenylsulphone was effected by heating 
( 100 °) the solutions in sulphuric acid for varying periods, the progress 
of the reaction being in^cated by the development of the intense 
red colour due to the thioxanthone dioxide. The products 
isolated after addition of ice. 

1 : A-Dik^T(^hioxm.th^ (n}-separated 

in orange needles, m. p. 224°, which gave a crimson 
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aqueous alkali (Found : C, 66 * 2 ; H, 3*0. CigHgOgS requires 
0, 66'5 ; H, 2*9%). The diacetyl derivative separated from alcohol 
in yellow needles, m. p. 174° (Found : C, 56'7 ; H, 3-3. 
requires 0, 56*6 ; H, 3-3%). 

Methyhl : 4:-dihydroxythioxanthone dioxide formed orange plates, 
m. p. 175°, from acetic acid (Found : C, 57 *5; H, 3*7. C 24 H 1 QO 5 S 
requires 0, 57-9 ; H, 3-4%). 

Ghhro-l : 4:-dihydroxytMoxa7iffume dioxide was obtained in similar 
form, m. p. 230° (Found ; C, 50*3 ; H, 2*5. C 13 H 7 O 5 OIS requires 
0,50-2; H, 2 - 2 o/J, 

Thioxanthone Dioxide 1 : 4i-Quinom (III ). — k thin paste of the 
1 : 4-dihydroxy-derivative (2 g.) and acetic acid was triturated with 
lead tetra-acetate (4 g.). After 4 days the solid was collected and 
purified from benzene. The desired product was thus obtained in 
yellow needles, m. p. 186°, which liberated iodine from aqueous 
potassium iodide (Found : C, 56-7 ; H, 2 - 2 . OisHfiOgS requires 
0,56-9; H,2-2%). 

1 : ^-Dimethoosythiomnthone dioxide was obtained either by oxid- 
ation of 1 : 4-dimethoxythioxanthone (Clarke and Smiles, J., 1911, 
99, 1535) with hydrogen peroxide in warm acetic acid or by heating 
2 : 6 -dimethoxydiphenylsulphone- 2 '-carboxylic acid or its methyl 
ester with sulphuric acid. The substance separated from acetic 
acid in pale yellow needles, m, p. 193° (Found : C, 59-1 ; H, 4*1. 
O^gHigOgS requires C, 59-2 ; H, 3-9%). It is also formed when the 
dihydroxy-compound is submitted to alkaline methylation, but the 
yields are poor even under intense conditions- The following 
experiment is quoted in illustration. The dark red potassium salt 
of the dihydroxythioxanthone dioxide was heated (130°) for 6 hours 
with excess of methyl sulphate. After the mixture had been cooled, 
the excess of the ester was decomposed by aqueous alkali. The 
dimethyl ether was then obtained (7 — 8 %) from the material 
unattacked by alkali hydroxide, and from the remainder the 

1- hydroxy-4-methoxy-derivative (IX) was isolated by means of the 
sparingly soluble sodium salt. This monomethyl ether (m. p. 184°) 
was identified with a sample prepared by another synthesis which will 
be described in a future communication. 

2-Hydroxy(hiom7ithom Dioxide . — ^When phenol and 2-thiolbenzoic 
acid were dissolved in warm sulphuric acid (Christopher and Smiles, 
J., 1911, 99, 2050), or when the product from phenol and the 
dicfaloride of 2 -sulphinobenzoic acid (this vol., p. 2862) was treated 
with this solvent, a hydroxythioxanthone was formed which on 
methylaHon yielded a methoxythioxanthone identical with the 

2- derivative,. The constitution of the latter was determined, by a 
. synthesis which will.he subsequently described- 
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A solution of this 2 -hydroxpthioxaiithone and excess of hydrogen 
peroxide in hot acetic acid was kept at 100 ® during 1 hour. The 
required sulfhom then separated in shining yellow needles, m. p. 
259® (Found; C, 59-7; H, 3-2. C 13 H 8 O 4 S requires C, 600; H, 
3*0%). dioosdde, m. p. 204®, was obtained in 

good yield by alkaline methylation and formed pale yellow plates 
from acetic acid (Found : C, 61*0 ; H, 3'6. O 14 HJ 3 O 4 S requires 
C, 61*3; H, 3-6%). 

2 : 3-Dihydroosythioxa7Uhone Dioxide. — ^When pyrocatechol was 
submitted to the same treatments as phenol in the foregoing case, 
a dihydroxythioxanthone was obtained. It was identical with a 
sample of the 2 : 3 -derivative prepared by another synthesis. When 
this substance was oxidised in the usual manner the requiredatiJpAone 
was obtained in yellow needles, m. p. 203® (decomp.) (Found : C, 
56-2; H, 3-1. OisHgOgS requires C, 56-6; H, 2*9%). Aqueous 
alkaline methylation of this material gave good yields of 2 : 3-dt- 

dioxide, which formed long, yellow needles, 
m. p. 241®, from acetone (Found : C, 59*2 ; H, 4*2. CigHigOgS 
requires C, 59*2 ; H, 3*9%). 

NapMhodeTie Derivatives. — ^An aqueous solution (400 c.o.) of 
2 -sulphinobenzoic acid ( 3*6 g.) was added to a stirred suspension of 
1 : 2-naphthaqumone (2*4 g.) in water (60 c.c.). When the quinone 
had di^ppeared, the tarry matter was removed from the clear 
solution, the latter kept for 2 days, and the crystalline product 
purified from alcohol-water. 

The desired additive product (VII) was thus obtained in shining 
plates, m. p. 166® (decomp.), which were sparingly soluble in water 
and readily soluble in alcohol (Found; C, 56*2; H, 4 * 2 ; S, 8*7. 

requires C, 56*3; H, 3*9; S, 8 * 8 %). When a 
solution of this material in 10 times its weight of acetic acid was 
boiled for 1 hour, 1 : 2-7iapMkaqui7ione 2* -carhoxypJienyl sulphoxide 
(V) was obtained. This separated from the cooled liquid in red 
needles, m. p. 236®, which were sparingly soluble in most organic 
media (Foimd: 0, 62*2; H, 3*3; S, 9*8. requires C, 

62*6; H, 3*0; S, 9*8%). This quinone yielded, after reaction with 
phenylhydrazine m acetic acid, a phmylhydrazone, m. p. 251® 
(Found: N, 6*7. C 23 H 16 O 4 N 2 S requires N, 6*7%). Also the 

quiTWxalme derivative was obtained by reaction with o-phenylene- 
diamine in the usual maimer. This formed bright red needles, m. p. 
292—293® (Found; C, 69-3; H, 3 * 8 . requires C, 

69*3; H, 3*5%). 

3 : 4-jVapifiaifeioa%iw^jione-l ; 2-qamom (VI). — ^When a solutbn^^ 
the naphthaqranone snlphoxide (V) (1 g.) aad freshly fused 
acetate (5 g.) in acetic anhydride ( 20 _c.c.) was boiled (3 h<^irs), 
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condensation took place. Tke broTOi crystalline cake, remaining 
aiter the solvent had been decomposed hy water, was purified from 
acetic acid. The quinone was then obtained in orange-brown needles 
with a metallic lustre, m. p. 244 — ^245®, which were insoluble in 
alkali (Found : C, 69*8 ; H, 2*9. Ci 7 Hg 03 S requires C, 69*8 ; 
H,2-7%). 

King's College, London. [Eeeeivedf October 2Gth, 1928 .] 


CCCCXVIII . — Carbocyanine Dyes with Substituents 
attached to the Three-carbon Chain. 

By Frances Mary BLamer. 

The carbocyanine dyes are characterised by the three-carbon chain, 
ICH-CHICH*, linking two heterocyclic nuclei containing nitrogen, 
which is. tervalent in one nucleus, quinquevalent in the other. By 
varying the nature of these nuclei, seven types of carbocyanine have 
been made : 2 : 2'-carbocyanine, 2 : 4'-carbocyanine, 4 : 4'-carbo- 
cyanine, thiocarbocyanine, oxacarbocyanine, indocarbocyanine (see 
Hamer, J., 1927, 2796; Bloch and Hamer, Phot J,, 1928, 21) 

and selenocarbooyanine (Clark, this voL, p. 2313), whilst, should the 
nuclei in a given carbocyanine differ from each other (compare Mills 
and Raper, J., 1925, 127, 2466), still other possibilities would arise. 

There are only three recorded mstances of carbocyanines with 
substituents attached to the. three-carbon chain. The earliest is 
that of the dinitro-derivative obtained by treatment of a 2 : 2'- 
carbocyanine with nitric acid (Mills and Hamer, J., 1920, 117, 
1550). To the reason cited in the original paper for considering 
this to be a substitution and not an addition product of the earbo- 
cyanine may be added another, based upon a comparison of the 
stability relationships of two pairs of compounds. In the case of 



the jSrst pair, the 2 : 2'-carboeyanme (I) is stable, whilst its monoacid 
salt (II) is unstable except in the presume of excess of acid. But 
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mth the second pair, the stability relationship is reversed, for the 
dihydro-derivative (HI) of the 2 : 2'-carbocyanine is imkaown, 
whereas the corresponding salts, the methylenediqninaldine dialkyl- 
halides (IV), are stable substances, orystallisable from water 
(Hamer, J., 1923, 123, 246). Since the dinitro-compound in 
question is stable, it is more probably a substitution product of the 
stable substance (I) than of the unstable dihydro-derivative (III). 

Neocyanine is the second instance of a carbocyanine with a sub- 
stituent attached to the three-carbon chain, since the .view has 
recently been advanced that this dye is a 4 : 4'-earbocyanine in 
which the hydrogen atom attached to the central carbon of the 
chain has been replaced by a lepidyl alkylhalide group (Hamer, 
this voL, p. 1472). 

The third case is of especial interest as being a direct synthesis : 
the carbocyanine (V) was prepared by the action of benzotrichloride 
on l-alkyl-2-methylene-l : 2-dihydroquinoline (Fischer and Rosen- 
hauer, Z. angew. Chem,^ 1923, 36, 330 ; Rosenhauer, with Schmidt 
and Unger, Her., 1926, 59, 2356). 



\ ¥« /S 

c:cH*c:cH-c I 

t/ \n< 

l (VI.) K X 


The classic method of carbocyanine preparation, by the action of 
alkali and formaldehyde on an alcoholic solution of a quinaldinium 
salt in the pr^enoe of a quinolinium salt, gives only negative results 
when acetaldehyde is used instead of formaldehyde, and carbo- 
cyanines containing a methyl group as substituent in the chain have 
been hitherto unknown. The condensation of quaternary salts, 
which contain reactive methyl groups, wdth ethyl orthoformate in 
the presence of pyridine (Hamer, J., 1927, 2796) gives far better 
yields of carbocyanines than does any other process; it seemed 
possible that similarly by use of ethyl orthoacetate, which is now 
readily available (Sah, J. Amer. Chem. Hoc., 1928, 50, 516), there 
might be synthesised a series of carbocyanines possessing the chain 

rCH-CMerCH-, 

This hope has only been realised in the case of the thiocarbo- 
cyanines, with which the ethyl orthoformate and pyridine method 
is also most successful. By condensing 1-methylbenzthiazole 
alkylhalides with ethyl orthoacetate in the presence of pyridine, 
three new dyes of the general formula (VI) were prepared, the, 
yields of pure products varying from 37—53%. Mr. 0. F. 
has found that these new dyes, like the unsubstituted thioe|ir&^|^ 
cyanines (compare Mills, J., 1922, 121, 455), exert a 
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photograpMc sensitising action in the green. Their synthesis 
provides an additional confirmation of the now well-estahlished 
constitution of the thiooarbocyanines. 

When quinaldme ethiodide, or 1-methylbenzoxazole metModide, 
was used instead of 1-methylbenzthiazole alkylhahde, the colour 
changes indicated the formation of a 2 : 2'-carbocyanin6 and an 
oxacarbooyanine respectively, but crystalline products were not 
isolated; the results were still more unfavourable with lepidine 
ethiodide and 2:3: 3-trimethylindolenine methiodide. 

Expebimehtal. 

S-Methyl-2 : 2' -diethylthiomrbocyanine Iodide, — 1-Methylbenzthi- 
azole ethiodide (2 g. ; 2 mols.), dry pyridine (20 c.c.), and ethyl 
orthoacetate (2*4 c.c. ; 4 mols.) were boiled together for J hour, 
during which crystals separated. These were filtered off when cold 
(l-Ol g. ; 61 % yield) and recrystallised from methyl alcohol (160 c.c.) ; 
the yield of dye (0-76 g.) was 45%. The yield is much lower when 
the condensation is carried out in acetic anhydride solution : 21% 
yield of crude product, 14% after recrystalliation. For analysis, 
the dye was dried in a vacuum at 100 — 120*^ until of constant weight, 
and this method of drying was also applied to the other two members 
of the series (Found: C, 62*3; H, 4*7; I, 25*1. C22H23N2IS2 
requires C, 62*15; H, 4*6; I, 26*1%). The dye formed small, 
copper-coloured crystals, very different from the large, steely 
prisms of 2 : 2'-diethylthiocarbocyaniae iodide. When it was 
heated, decomposition began at about 280^ and melting occurred at 
about 290®. The spirit solution shows an absorption band at 
X 5400 A. with a much weaker one at X 5100 A., whereas for 1:1'- 
diethylthiocarbocyanine iodide the pi^cipal band has its maximum 
at X 5600 A. like 2 : 2'-<iiethylthiocarbocyanine iodide, the new 
thiocarbocyanme behaves in a gelatinobromide emulsion as a 
powerful sensitiser,' giving an almost uniform band, which extends 
to X 6400 A. for moderate exposures, and shows maxima at X 5900 A. 
and X 5200 A. The sensitising action of the following two dyes is 
very similar. 

2:2': S-Trimethylthiomrbocyanine Iodide , — ^The crude substance 
similarly prepared from 1-methylbenzthiazole methiodide (3 g.) was 
washed with hot water (1*42 g, obtained ; 58% yield) and recrystal- 
lised from methyl alcohol (1250 c.c.), in which it was only slightly 
soluble ; the yield after recrystallisation (0*91 g.) was 37% (Found : 
C, 60-4 ; H, 4-1 ; I, 26*4. C20H19N2IS2 requires C, 50*2 ; H, 4*0 ; 
I, 26*5%). The minute crystals melt at about 298® (deoomp.). 
The principal absorption maximum in spirit solution lies at X 6400 A . 

8-J£^%Z-2 : 2* -AicMyWiioccvrbocyamm Bromide , — Similarly from 
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l-methylbenzthiazole allobromide (2 g.), pyridine (5 c.c.), and ethyl 
orthoacetate (2*7 c.c.) was prepared a dye (1*13 g.; 63% yield), 
*vrhich on recrystallisation from methyl alcohol (100 c.c.) was 
obtained in 53% yield (0-95 g.) (Found ; C, 59-7 ; H, 5-0 ; Br, 16-7. 
C 24 H 23 N 2 BrS 2 requires C, 59-6; H, 4-8; Br, 16-6%). The blue 
crystals melt and decompose at about 260°. The principal absorp- 
tion maximum in spirit solution is at X 5450 A. 

Beseabch Lasobatoky, Ilfobd, Limited, 

Ilpobd, E. [I^eceived, Nove??ider ot/i, 1928.] 

CCCCXIX.— Surface Oxidation of Aluminium, 
Tungsten, and Molybdenum. 

By Leonard Charles Bannister. 

VAEiors investigators have obtained colours on aluminium anodes 
and ascribed them to interference tints (Zimmermann, Trans, Amer, 
Electrochem. Soc., 1904, 5, 147; Mott, Electrochem. Ind,, 1904, 2, 
268), and Tammann {Z. anorg, Chem.^ 1920, 111, 78; et seq,) has 
used a similar assumption as a basis for much quantitative work on 
various colours on metals. Moreover, Evans has obtained evidence 
in support of this view in the cases of films on lead, iron (Proc, Boy, 
8oc,, 1926, J, 107, 234), and copper (J., 1926, 127, 2484). On the 
other hand, the sequence of colours obtained on tungsten by anodic 
treatment has been attributed by Koemer to the formation of 
different oxides (Trans, Amer. Electrochem, See,, 1917, 31, 221). 
The present paper aims at reconciling the discrepancies in the cases 
of aluminium and tungsten and describes the extension of the 
investigation to the case of molybdenum. 

ExPBRI MENTAL. 

In order to determine whether an optical colour sequence was 
produced, a film varying regularly in thickness was formed on a 
single piece of each metal In the following way. The metal, 
abraded with emery, was made the anode, and a platinum wire 
used as the cathode. The electrolyte was delivered into the cell in 
a fine jet of solution, filling it up at a slow but uniform rate. At 
the same time the voltage was steadily decreased, each successive 
portion of the metal being thus subjected to a different potential. 
Examination of the dried anodes showed that on aluminium and 
on tungsten there had been produced a film which displayed a seri^^ 
of colours, each merging into the next as usual in interfer^^^/^ 
colours. In the case of molybdenum, a strip was placed 
5 M 2 
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zontally in the electrolyte between a cathode and an anode of 
platinum without making metallic contact Tvith them. After the 
current had passed for a short time, one half of the strip (the 
cathodic end) was still quite bright, but the other half was covered 
with a film which increased in thickness from the centre to the end, 
and produced a series of coloured bands merging into a black 
deposit. Therefore, under the influence of a potential gradient, 
the metals will exhibit an appearance similar to that produced on 
steel by tempering, which is dependent on a heat gradient. 

Heat Tinting in Air . — ^It is difficult, if not impossible, to obtain 
on aluminium a colour sequence by heating in air. On tungsten, 
on the other hand, a sequence was produced by heating one end of 
a strip and so producing a temperature gradient along it. The 
thickest part of the film consisted of a black powder which turned 
yellow in parts after prolonged heating at a higher temperature. 
The films showing first- and second-order colours, irrespective of 
the method of iDroduction, were extremely hard, and resembled the 
anodic films of aluminium in this respect. They could be scratched 
with a diamond, but not with a steel blade ; they could be removed 
with emery paper, but all attempts to obtain a quantity of the 
substance, by scraping it off the metal, failed owing to the minute- 
ness of the deposit. 

In order to preserve the heat tints on molybdenum, a strip of the 
metal was sealed up in a small glass tube and then heated at one 
end. The partial pressure of the oxide vapour set up within the 
tube prevented the resulting oxide film from volatilising, as it does 
when a piece of the metal is heated in the atmosphere. 

When strips of freshly cleaned molybdenum were placed in a 
solution of potassium hydroxide containing dissolved oxygen, or 
in a solution of an oxidising agent such as potassium chlorate or 
nitric acid, the surfaces oxidised at rates depending on the tem- 
perature and the concentration of the oxidising solution. Ifo 
visible films could be obtained by immersion in chromic acid, even 
at higher temperatures, and, incidentally, this treatment made 
subsequent oxidation by the other methods a slower process, 
doubtless owing to passivity caused by the presence of a very thin 
film, which is much more protective than films of interference 
thickness. 

The colours were temporarily diminished in intensity by immersing 
the metal strips in liquids of high refractive index, showing that the 
mechanism is not the selective absorption of light. 

It was found that if the thickness of a film were reduced to various 
extents by immersion for definite lengths of time in solvents, the 
colour al£^ altered. 
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The foregoing observations lead to only one conclusion, viz., 
that the filyn is an oxide filTn of variable thickness which can cause 
interference of light in the visible region of the spectrum and so 
produce colour. 

Anodic Treatment — comparison is made of colour with voltage 
of formation (Tables I and II, for aluminium and tungsten, respec- 
tively) and with the number of coulombs (Tables III and IV). For 
aluminium it is possible to calculate the refractive index of the 
film. 

Table I. Table II. 

Anodic treatment of aluminium in Anodic treatment of timgsten in 
Na 5 HP 04 , 12 H 20 (satd.) at 17°. JV-KCl at 17°, 


Voltage. 

Colour. 

Voltage. 

Colour. 

40— 59 

Dale yellow. 

10—21 

YeUow. 

69 

Brown, 

21—25 

Crimson. 

69— 77 

Bed. 

25—28 

Violet, 

77— 85 

Purple. 

28—36 

Dark blue. 

85 — 93 

Blue. 

36—56 

Light blue. 

93—107 

Green. 



107—120 

YeUow. 




Table HI. 

Aluminium (Area of anode, 38*05 sq. cms.). 


Coulombs 

Thickness 

Colour 

Approx, wave-length Befractive 

passed. 

of AI 2 O 3 . 

observed. 

of light missing. 

index. 

3*57 

0-076 ji 

Straw. 

0-42 11 

1-78 

4*14 

0-087 fL 

Brown. 

0-46 [1 

1-60 

4*96 

0-104 a 

Purple. 

0-51 ji 

1-59 

6*50 

0-136 ti 

Violet. 

0-56 fi 

1-52 


The values in the fourth column are the wave-lengths of the light 
complementary to the colour observed. The values obtained for 
the refractive index are in fairly good agreement with Cauchy’s 
dispersion formula for transparent substances. 

Table IV. 


Tungsten (Area of anode, 4*0 sq. cms.). 

Anodic treatment at 143 volts and 16°. 

(a) In N^KCi. {b) In Nim-Kd. 


Total 

coulombs. 

Colour, 

Total 

coulombs. 

Colour. 

Total 

coulombs. 

Colour. 

1-48 

Yellow. 

16-28 

Blue. 

0-275 

Pale yellow. 

2-96 

Orange. 

23-68 

Pcde green. 

0-543 

Ckimson. 

4-44 

Purple. 

26-64 

Green. 

0-803 

Blue. 

6-92 

Crimson. 

34-04 

Dc^ yellow. 

1-066 

Light blue. 

7-40 

Violet. 

41-44 

Orange. 



11-84 

Deep blue. 





Table IV shows that the process of film formation is more efficient 
when the conductivity of the electrofyte is considerably reduced. 
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Even if tie specific gravity of the film TFere knomi, it would not be 
legitimate to determine the thickness from the amount of electricity 
passed, for the proportion of current used in film formation s^ms 
to vary with the concentration of the electrolyte, hence the refractive 
index of the film on tungsten is unknown. 

The tables given by Koemer clearly indicate that his experiments 
were not conducted over a sufiSciently wide range of conditions to 
lead to accurate conclusions. The evidence available su^ests that 
the oxide is one lower than WO3. 

The lactation of ihe Film . — By the method of Whitey and Millar 
(J. 80 c. Ohm. Ini., 1926, 45, 170t), the films on aluminium were 
isolated from their metallic base by volatilisation of the latter in a 
stream of hot hydrogen chloride, special precautions being taken to 
ensure the absence of traces of water vapour and air during the 
operation, for otherwise a white, chalky film of alumina was pro- 
duced. Many of the specimens of film-covered aluminium showed 
a peculiar inertness towards the attacking gas, but it was observed 
that the reaction could be initiated by increasing the velocity of the 
current of gas. Unfortunately, the method was quite unsuccessful 
in isolating films from tungsten and molybdenum. 

The phosphate content of the films was found to vary somewhat : 
in some, none was detected, and in others it was present up to 6%. 
It seems probable, therefore, that when pho^hate or other acid 
radical is present, it is merely occluded or held in suspension within 
the pores of the film. When the films were heated to redness, a loss 
in weight of 4% took place, which indicates that th^ consist mainly 
of oxide with perhaps some water which became seded within their 
pores during their growth. 

The values for the ratio (Increase of anode weight during treat- 
ment)/(Weight of isolated film) were found to be 0*63, 0-58, 0-58, 
and 0-55 for four difierent anodes, whereas the theoretical value 
for Og/AlgOs is 0-47. 

It may be noted that Sutton and Willstrop {J. JtisI. Metals, 1927, 
38, ii, 259) have ana^^sed the films formed on aluminium by standard 
anodic treatment in chromic acid, and have found them to consist 
of the oxide together with a trace of chromate. 

The author wishes to thank ftof. W. C. McC. Lewis, F.R.S., by 
whose kind permission this work was done, Mr. W. J. Shutt, M.So., 
for tactical adviee, and also Mr. U. B. Evans, M.A., with whom 
subsequent discussion has been of great value. 

Tub Muspbaxt I^abobceobv or Phvbioai. abs Eiboxboohbiiisxbt, 
UmVEBSETV or Iuvespool. [Seeaeed, October 17 &, 1928.} 
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CCCOXX . — Studies 0/ Dynamic Isomerism, Part 
XXYIII, Absorption Spectra of the Ketonic and 
Enolic Forms of an a-Diketone. 

By Thomas Maettst Lowry, Henri Moureu, and CHA Rii E S 
Alexander Hamilton MacConkey. 


In the preceding paper of this series (this voL, p. 1333), the state- 
ment of Morton and Eosney (J., 1926, 706) that “ the isomeric 
forms of benzoylcamphor give bands of the same wave-length, 
but of unequal intensity ” was shown to be incorrect, since the 
absorption bands actually occur at different wave-lengths, although 
they are of very similar intensity, when examined before isomeric 
change has taken place. Since the preceding statement was used as 
evidence in support of the general proposition “ that enolic and 
ketonic modifications possess the same wave-length of maximum, 
absorption,” it was of interest to see whether this proposition 
could be substantiated in other cases. In the present investigation, 
therefore, we have taken advantage of the separation by one of us 
(Moureu, CompL rend., 1928, 186, 380) of the ketonic and enolic 
forms, (I) and (11), of benzyhnethylglyoxal, in order to repeat with 
an oc-diketone the tests that had already been carried out on a 
typical p-diketone. 


CeHs^CiHa-CO-CO-CHa CeH5-CH:C(OH)-CO-CH3 

(1; ketonic foim.) (11 ; enolic form.) 

The labile ketonic form (I) of benzylmethylgiyoxal can be sep- 
arated in a pure state as a yellow liquid by distillation in presence 
of a trace of sodium carbonate. Under these conditions, a reversible 
reaction is produced in the liquid phase, but the more volatile 
isomeride (which resembles the o-quinones in this property) escapes 
and becomes fixed in the vapour phase by the elimination of the 
non-volatile catalyst. It therefore distils as a homogeneous product, 
b. p. 104®/10 mm., and when frozen melts sharply at 17°. On the 
other hand, when an alkali or a nitrogenous base is added to the 
liquid, the enolic form (11) cr3rstallise5 in a pure state, since it is 
the stable solid phase at all temperatures up to its m. p. at 70°. 
Ill the absence of a catalyst, the enol also can be distilled without 
change, boiling at 134°/10 mm. 


The structures of the two isomerides were established by the 
fact that the yellow quinone-like ketonic form gave no reactio^ 
with bromine, reacted but slowly with ferric and antimoni jy 
chlorides, and gave only an 18% yield of methane when aet^^ 
by the Grignard reagent, whereas the colourless enolic form 
ately fixed one molecular proportion of luromine, 
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salt with ferric chloride and a crystalline derivatire with antimonous 
chloride, and gave an 80% yield of methane with the Grignard 
reagent {Compt rend-i 1928, 186, 503). 

The measurements set out below show that the absorption bands 
of the ketonic and enolic forms of the a-diketone differ even more 
widely than in the case of the stable and labile forms of the p- 
diketone. In particular, the two adjacent carbonyl groups in the 
a-diketone displace the familiar ultra-violet band of the simple 
ketones into the visible region, exactly as in the case of camphor- 
quinone (Lowry and French, J., 1924, 125, 1921), but without 
increasing its intensity, whereas the conjugated double bond of the 
enolic isomeride gives rise to an enormous increase of intensity, but 
without any important change of wave-length, exactly as in the case 
of henzylideneeamphor (ibid,). The inequality of wave-length is 
therefore twice as great as in the case of benzoylcamphor, and is 
accompanied by a difference of intensity in the ratio of about 
600 to 1: 

The structures assigned to the two isomerides are largely irrelevant 
to the present discussion, since the general proposition cited above 
implies that, if a series of isomerides can be converted into one 
another by successive keto-enol transformations, the wave-length 
of the absorption bands must remain constant throughout, whatever 
structure may be assigned to individual members of the series. 
If, therefore, two isomeric enols can be produced from a given 
ketone, or if two stereoisomeric enols can be converted into one 
another through an intermediate ketonic form, as might conceivably 
occur in the case of benzoylcamphor {loc. cit^ p. 1334), the absorp- 
tion bands of both enols must be at the same wave-length as that 
of the ketone, and must therefore be identical in wave-length with 
one another. In the present instance, however, the quinpne-like 
colour of the liquid diketone and the absence of quinonoid characters 
in the solid isomeride provide an ocular vindication of the structures 
deduced from the chemical diagnosis recorded above, and make it 
obvious that we are dealing with a typical keto-enol isomerism. 

In view of their close relation to the a-diketone, we have also 
included in our programme the measurement of the absorption 
spectra of the compounds set out below. 

C^Hg-CO-CHg-CO-CHg CeH5-C(OH):CH-CO-CH3 

(m ; Bezizoylacetone, ketonic fonn.) {IV ; Benzoylacetone, enolic form.) 

OaHs-CHrCH-CO-CB^ CjH5*(^*'bH-CK)-C]^ 

(V ; 'Bra^lideneacetone.) fVl; Acetylphenyle&ylene o^ide.) 

Beazojla«etaae is a Biaraetural isomeride of the a-diketooe whidi 


k 
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forms the main subject of the present investigation. It exhibits 
the dual reactivity of a tautomeric compound, yielding derivatives 
of the ketone {III) and of the enol (IV) ; but, unlike the isomeric 
at-dlketone, it is only known in one form, to which the structure 
^(IV) is conventionally assigned. The unsaturated ketone (V) has 
heen examined on account of its close relationship to the isomeric 
^nols (II) and (IV). The ethylenic oxide (VI) is a compound of 
fixed structure, which is isomeric with the labile a- and p-diketones 
(I) and (ttl), and the enols (II) and (IV), to which it is related in the 
same 'symmetrical manner as the olefin from which it is derived. 

Fig. 1. Fig. 2. 


Molecular extinction coefficients of (a) Molecular extinction coefficients 
benzoylacetone, (a) In alcohol ; of acetylphenylethyUne oxide, 

(b) in cyclohexane, (b) Molecular extinction coefficients 



1. Bmzoyhcetone , — ^The absorption spectrum of benzoylacetone 
has been examined by Baly and Desch (J., 1905, 87, 766) and by 
Morgan and Moss { J., 1913, 103, 78), who recorded the presence of a 
single absorption band. Our own measurements, with alcohol 
as the solvent [Kg. 1 (a)], gave two tna riTU fl. 


log s = 4-16 at 3100 ; log s 3'66 at 2500 A.U., 

which we had no difficulty in identifying with the charactei^t^ 
bands of the two forms of benzoylcamphor, viz,, log s 
3140 ; log e = 4*21 at 2420 A.U. ITo change was 
absoiption spectrum when examined | hour after the 
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of the solution and again on the following day. A similar pair of 
maxima 

log s = 4*26 at 3050 ; log s = 3*80 at 2450 
was observed when the experiment was repeated with a freshty- 
prepared solution in cyctohexane [Fig. 1 (6)], the measurements being 
completed in the course of about 80 minutes. 

Since the only known form of benzoylacetone gives an immediate 
coloration with feme chloride, it has generally been supposed to 
have an enolic structure, and the band observed by Baly and Desch, 
and by Morgan and Moss at 3100 A.U., has b^n regarded as a 
characteristic of the isomeride (IV). If no other information were 
available, it might be supposed that the two bands shown in Fig. 1 
(a) and (b) were both due to the same isomeride, since we have not 
been able to observe them separately. On the other hand, the 
close agreement of the wave-lengths of the bands of Fig. 1 (a) with 
those of alcoholic solutions of the two forms of benzoylcamphor 
leads us to conclude that in this case also the bands are due to two 
isomeric forms of the p-diketone; our failure to separate them can 
then be attributed to catalysis, since we do not yet know of any 
certain method of arresting isomeric change in these very sensitive 
prototropic compounds. This conclusion is confirmed by the fact 
that, whilst the intensity of the bands given by the two pure forms 
of benzoylcamphor is greater than those of the two bands of benzoyl- 
acetone, the latter agree quite well with the intensities of the bands 
(log e = 4*10 and 3-90) in an equilibrium mixture of the two forms 
of benzoylcamphor. According to this view, the crystals of benzoyl- 
acetone, melting at 61°, may be regarded as a homogeneous solid 
phase, probably corresponding in structure with the stable form of 
benzoylcamphor, but revertii^ with even greater readiness to an 
equilibrium mixture in solution. 

2. Benzylidenecuieiojie and Acetylphenyleihylme Oxide , — ^The 
absorption spectrum of benzylideneacetone (V) is shown in Fig. 2 (5). 
As m^ht be expected, it gives a maximum, log e := 4*36 at 2^0 
A.U., in close agreement with the maximum (log e = 4-32 at 
2900 A.U.) already recorded for an alcoholic solution of benzylidene- 
camphor (Lowry and French, J., 1924, 125, 1921). The close 
agreement in the position and intensity of the two bands shows that 
the infi,uenc6 of the camphor nucleus is not very great, and suggests 
that the observations made with camphorquinone, benzoylcamphor, 
and other compounds of the camphor group may be expected to 
reappear almost unchanged in the corresponding open-chain com- 
]^unds of the present series. 

The absorption spectrum of aeetylphenylethylene oxide is shown 

Fig. 2 (a). Unlike the preceding a>mpound, it does not give an 
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absorption band, but only a rapid “ st6p-out ” at wave-lengths less 
than 3100 A.U. Since one of the ketonic groups remains intact 
when we pass from the labile a- or P-diketone to the fixed oxide, 
it is remarkable that this oxide does not give the familiar ketonic 
band at about 3000 A.U. An explanation may perhaps be found 
in the view that, in the absence of a conjugated double bond, the 
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isomeric p-diketone (benzoylacetone), this compound gives only a 
single rrmiimum, log s = 4-3 at 3100 A.TJ., corresponding closely 
with that of the stable form of benzoylcamphor, whilst a very strong 

1*10. 4. 

MoUtadar esUinction coefficients of bemylmetkylglyoxaL (a) In cyclohexane 
(first series) ; (b) in cyclohexane (second series) ; (c) in chloroform. 



fiUvimumt log e = 3-2 at 2480 A.U., appears at the wave-length 
c£ the absorption band of the labile form of the latter compound* 
A duplicate detammatio^ gave a similar maximiizni log e =:=r 4-3 at 
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3130 A.XJ., but a slightly deeper minimum, extending to log e = 3. 
Since the solid and its freshly prepared solutions were quite colour- 
less, it is clear that the enolic form does not give an absorption 
band in the visible spectrum; but this vras also shovn by direct 
observations at concentrations of if/10 and if /30, which are 
plotted at the foot of Fig. 5 (a). 

A solution in c 2 /cZohexane [Fig. 4 (6)] showed an even stronger 
maximum, log s = 4*7 at 3100 A.U., but the curve was not followed 
as far as the minimum, which oecius at 2500 A.U. in the equilibrium 
mixture (see below). On the other hand, the absence of an absorp- 
tion band in the visible region was again established by direct 


Fig. 5. 

Equilibrium of hefonic and eyiolic forms of benzylmethylglyoxal in alcohol, 
(a) Ketonic band ; (b) enolic hand. 



observations, since an if /50-solution showed an extinction coefficient 
which was already less than 5 (logs = 0-7) at 3750 A.U., and the 
absorptive power of the solution was then still diminishing according 
to an almost linear law as the wave -length was increased. 

It is of interest to compare the bands at about 3100 A.U. of the 
enolic forms of the a- and p-diketone with the bands pf benzylidene- 
acetone at 2850, and of benzylideneeamphor at 2900 A.U. It 


appears certain that we are dealing throughout with the same b«^dj. 
but that it is di^laced to a slightly longer wave-length by 
introduction of the hydroxyl radical, in just the same 
ketonic band of camphor is displaced towards the 
by the introduction of a halogen in the or a'-position^{&^nnPw 
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Owen, J., 1926, 606; compare ako Grossmann, Z, physikal. Chem.^ 
1914, 109, 329, 337). This band, although it is given by two 
isomeric enols, is in no sense a characteristic enolic ” band, since 
it is equally well developed in benzylideneacetone and benzylidene- 
camphor, although the hydroxyl group of the enol is absent in these 
two compounds ; it appears, indeed, to be merely the ketonic band 
reinforced by conjugation of the carbonyl double bond with an 
olefinic double bond, exactly as in methylenecamphor (Lowiy and 
French, J., 1924, 125, 1921 )‘ 

(b) Liquid form. The liquid form of the diketone reverts very 
easily to the crystalline form, since the yellow liquid solidifies 
almost immediately in the presence of a trace of a nitrogenous 
base. We were therefore less confident of securing an independent 
record of the ketonic band, especially in view of the very remarkable 
absorptive power of the isomeric enol. From analogy with camphor- 
quinone, we anticipated that this band would be found in the blue 
region of the spectrum at about 4700 A.U., and at a relatively high 
concentration, say, logs = 1*8. We therefore made our first 
measurements with an M /35*4-alcoholic solution, and observed the 
expected maximum, log e = 1*5 at 4300 A.U. [Fig. 3 (a)]. On 
diluting the solution, however, we found that a second maximum 
had already been developed in the ultra-violet at 3120 A.U., although 
its intensity, log s = 2*97, was 20 times weaker than in the case 
of the pure enol. We therefore repeated the experiment, taking 
much greater care in order to complete our observations before 
isomeric change had begun. The results of the second experiment, 
in which the exposures were completed in 50 minutes from the time 
when the solution was prepared, are shown in Fig. 3 (6). The curve 
no longer shows a maximum in the ultra-violet, but only a “ step- 
out,” logs = 2*6 to 2*8 at 3300 to 2700 A.U. This step-out is 
probably a genuine characteristic of the pure a-diketone, since it is 
very similar to one that had already been recorded in the case of 
camphorquinone {Lowry and French, J., 1924, 125, 1921), where 
enolisation would appear to be impossible (Bredt, J, pr, Chem,, 1918, 
97, 1 ; Annahn, 1924, 437, 1), since it would involve bending all 
the four bonds of the carbon atom (4) in the direction of the carbon 
atom (10) of the camphor nucleus. The step-out can ako be com- 
pared with the one now recorded in the isomeric acetylphenyl- 
ethylene oxide (VI), and may perhaps be attributed to the skeletal 
CgHs<!— which is common to both isomerides. 

Cbnfirmation of these results was obtained by making use of 
solutions in cf^eZphexane, fox which molecular extinctions are {dotted 
in F%. 4 (a). Tbe curv^ again show a maximum (log s =^ 1*85 at 
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4600 A.U.) in the visible spectrmn, a minimum (log s = 1-2 at 
3600 A.U.), and a step-out at wave-lengths on either side of 3000 
A.U. A duplicate series of observations, which are plotted in 
Fig. 4(b), gave a precisely similar curve, although the numerical 
values are not quite the same in the two series. The two curves 
agree, however, in suggesting that the band in the visible spectrum 
is unsymmetrical, since each curve rises almost vertically on the 
side of longer wave-lengths, but spreads out on the side of shorter 
wave-lengths, as if there were a second characteristic frequency at 
about 4000 A.XJ. 

The molecular extinction coefficients of a solution of the a-diketone 
in chloroform, which are set out in Kg. 4 (c), show the same essential 
characteristics, viz-, a maximum (log s = 1-8 at 4400 A.U.) in the 
visible spectrum, followed in the ultra-violet by a miniTmim (log e = 
1-2 at 3700 A.U.), and a step-out at wave-lengths on either side of 
3000 A.U., but without any indication of a Tna.yinmiTTn at 3100 A.U. 

The principal interest of these observations is the complete 
separation, which has again been realised, of the characteristic 
absorption bands of the enolic and ketonic isomerides. Thus, on 
the one hand, the colourless enol is completely transparent in 
the region covered by the visible absorption band of the a-diketone ; 
on the other hand, it shows no sign of the band of shorter wave^ 
length, which is given by the labile form of benzoylcamphor, and 
which appears again in the absorption spectrum of benzoylacetone. 
(Jonversely, the liquid diketone, which owes its yellow colour to the 
presence of a characteristic quinonoid band in the blue region of 
the spectrum, has been dissolved in three different solvents without 
developing a second maximum in the ultra-violet. Each isomerido 
therefore retains its individuality in solution and gives rise to an 
absorption band of characteristic wave-length, in close agreement 
with the wave-length predicted from the study of compounds of 
analogous structure. 

4. Equilibrium Mixtures . — On account of the remarkable absorp- 
•tive power of the enolic isomerido, special care had to be used in 
preparing solutions of ben2ylmethylglyoxal, in order to avoid the 
development of an ultra-violet maximum, resulting from incipient 
enolisation of the a-diketone. Nevertheless, the pure compound 
is much more stable than the majority of substances in which 
prototropic change is Kable to take place, since the yellow liquM 
can be kept in hard-glass tubes for many weeks without ^owimj 
any signs of solidification,* although this can be induced immedia^^^ 
by the addition of a basic catalyst. The stability of the 

* Measurements of refractive index ^ow that a slow transfoi^M^HH^P^ 
place even in hard-glass tubes. 
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and its enolic isomeride is indeed much greater than that of the two 
forms of benzoylcamphor, although these have been selected 
rei)eatedly for experiments on reversible isomeric change on account 
of the readiness with which the two isomerides can be prepared and 
kept. It was, however, only when we tried to prepare equilibrium 
mixtures of identical properties from the enolic and ketonic forms 
of benzylmethylglyoxal that we discovered with what difiSculty the 
transformation is brought about in solution. 

In the first instance, solutions of the two isomerides were allowed 
to stand for several days, since this had always proved sufficient to 
produce a condition of equilibrium in the case of benzoylcamphor. 
When dissolved in c^dohexane, however, the a-diketone and its 
enolic isomeride had the same intensities of selective absorption 
even after the solution had been kept for several days. A trace of 
piperidine was then added, by stirring the solution of the end with 
a platinum wire which had been dipped into the liquid base and 
drained against the side of the vessel; but even this deliberate 
addition of a catalyst produced no alteration in the absorptive 
power of the solution. Solutions of the two isomerides in cyclo^ 
hexane were next prepared, containing 1 mol. of piperidine for 
every 100 mols. of the organic compound. After 20 hours, a slight 
decrease was observed in the absorptive power of the ketonic form 
in the visible region. In the meanwhile, the enolic form had 
developed an absorption band in the visible spectrum at X 4500, of 
intensity s = 12*5, as contrasted with c =: 60 for the pure ketone 
and e =: 30 for the equilibrium mixture finally obtained ; but the 
absorptive power of this solution was unchanged after a furtiber 
period of 6 days, although the ketonic and enolic solutions were 
still far removed from equality in this respect. These two solutions 
were then kept in a thermostat at 28® for 24 hours, but a glance 
showed that they were still of quite different depths of colour. In 
order to provide an amphoteric catalyst, a solution of p-cr^ol in 
cycfohexane was now added to each solution, in quantity such that 
the molar concentrations of piperidine and p-cresol were equal in 
the resulting mixture. The maximum absorptive power of the 
ketonic solution in the visible spectrum at X 4506 fell to s = 30, but 
that of the enol at the same wave-length was not altered by this 
addition of cr©sol, but remained constant at X 12*5. When diluted, 
the solution of the enol gave e = 5000 at X 3150, whilst ti^ solution 
of the ketone gave e = 60, but in neither case was a definite absorp- 
tion band developed. 

Equilibrium mixtures which gave identical extinction coefficients 
were finally obtained by adding 1 mol. % of piperidine to the dis- 
solved ketone or enol and keeping the solutions for 20 hours in 
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closed flasks at 50°. The equality of visual colour of the two 
solutions was confirmed by measurements with a Kletz colorimeter 
against a solution of camphorquinone. The results were as follows : 
In cyclohexane : 


C amphorquinone^ Jf/60 
Ketonic solution, itf/20 


1-88, 1-92. Mean = 1-90. 


Camphorquinone, Jtf/60 
Enolic solution, if /20 


Mean = 1*87. 


In ethyl alcohol : 
Camphorquinone, if /1 80 
Ketonic solution, i//20 
Camphorquinone, if /ISO 
Enolic solution, if/20 


= 0*96, 0*99, 0*96, 1*03. 
= 1*00, 0*88, 0*97, 0*94. 


Mean = 0*98. 
Mean == 0*95. 


The equilibrium mixture in cyclohexane has therefore rather more 
than one-sixth of the intensity of colour of camphorquinone, whilst 
in ethyl alcohol the ratio is rather more than one-ninth ; but, since 
this ratio depends on the width of the bands, as well as on their 
intensity, it cannot be used to deduce the ratio of the maximum 
extinction coefficients, as measured with a spectrophotometer. 

Quantitative data for the molecular extinction coefficients of 
solutions in cyclohexane are shown in Fig 4 (6), and those of alcoholic 
solutions are shown in Fig. 5, where different scales of intensity are 
used for the visual region of the ketonic band and for the ultra- 
violet region of the enolic band. In each case the circles represent 
values recorded for solutions of the ketone itself, and crosses are 
used for solutions prepared JErom the enolic isomeride. The two 
series of data can be represented by a single curve for each solvent, 
the largest deviation being at the ketonic band of Fig. 6 (a), where 
the solution of the enol showed a shallow maximum and minimum , 
whereas the solution prepared from the ketone gave only a step-out ; 
the points on either side of the loop ean, however, be plotted on a 
single curve. 

The circumstances in which these experiments were made were 
not suitable for deducing the equilibrium proportions of the ketonic 
and enolic forms, since the conditions of equilibrium were not well 
defined, and the dilutions at which the ketonic and enolic bands 
were observed differed very widely. It is therefore not suiprising 
that the proportion of ketone (about J) in cycZohexane at a ^ution 


of M/60 and of enol (about J) in the same solvent at a dilution ^ ; 
lf/25,000 do not add up to unity. In the case of the alcoi^M 
solutions, the proportions of ketone and enol deduced 
extinction coefficients at the wave-lengths of the two 
roughly J and at dilutions of Jf/20 and Jf/30,000, 



3178 STUDIES OF DYNAMIC ISOMBEISM. PAST XXVm, 

in this solvent, therefore, there appear to be 3 or 4 parts of enol to 
one of ketone, but this ratio also is rendered uncertain by the widely 
different concentrations at which the proportions of ketone and 
enol were determined, and by deviations from Beer’s law, which are 
shown by the varying width of the absorption bands as observed 
in solutions of different concentrations. Attention should also be 
directed to the fact that at the wave-length X 3800, at which the 
enol and the ketone have the same extinction coefficient, e = 15, 
in alcoholic solutions, the equilibrium mixture has an absorption 
coefficient which is only about half as great. This anomaly throws 
doubt on the validity of the additive law as applied to mixtures of 
the a»diketone and its enolic isomeride, and suggests that they may 
perhaps unite with one another (Uke quinol and quinone) to form an 
unstable complex in solution. 

Although the proportions of the isomerides cannot be deduced 
with certainty from the absorption curves for the equilibrium 
mixtures, these curves provide very important evidence as to the 
qualitative composition of these mixtures. Thus, if the two absorp- 
tion bands of benzoylacetone, or of the two forms of benzoylcamphor, 
were characteristic of a pair of stereoisomeric enols, it would be 
difficult to exclude the possibility of a similar stereoisomerism in the 
enolic form of the a-diketone, as may be seen by comparing the 
formula 

and 

d-SzLol* jS-Piiiol* 

Actually, however, the absorption curves for equilibrium mixtures 
of the Wo forms of benzylmethylglyoxal give no indication of the 
maximum at X 2450, which is characteristic of the labile form of 
benzoylcamphor, and which is also seen in the absorption spectrum 
of benzoylacetone. On the contrary, the curves for solutions in 
alcohol and in cyclohexane actually pass through a minimum in 
this region of the spectrum. The band at X 2450 must therefore 
be associated with a structure which is not only different from those 
of the two known forms of benzylmethylglyoxal, but is not pro- 
duced from either of them by isomeric change in presence of a 
catalyst. Such a form cannot be a mere stereoisomeride, although 
it might conceivably be a co-ordinated enol, containing a 6-atom 
ring wliich could not be produced from an a-diketone. 

Summary. 


Benzylmethylglyoxal, CgHg^CHg^CO-CO-CHg, shows an absorption 
band in the visible spectrum, with a maximum log e = 1*5 at 4300 
in alcohol, or log s = 1*85 at 4600 in cyclohexane, but only a “ step- 
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out ” in the ultra-violet at about 3000 A.U. The enolic isomeride, 
CgH 5 -CH;C(OH)*CO’CH 3 , on the other hand, is colourless, but has 
a strong absorption band in the ultra-violet with a maximum 
log s = 4-3 at 3100 in alcohol, or 4*7 at 3100 in c^ctohexane. Both 
bands are given by solutions in which the two isomerides are in 
equilibrium. 

UNivEBsnrsr Chemioai< Laboeatoby, 

CAaiBBmoE. [Received^ October 1928.] 


CCCCXXI . — Studies of Valency. Part XII. Isomeric 
Derivatives of Diethyl Telluride. 

By Feaxk Lathe Gilbert and Thomas Martin Lowry. 

Vernon’s last paper on “ Organic Derivatives of Tellurium ” 
concludes as foflows : “ There is still much work to be done on 
this subject, and it would be of interest to jSnd out whether other 
aKphatic derivatives, such as diethylteUuronium di-iodide, also exist 
in two isomeric forms. The reason that no further investigation 
is being undertaken is entirely due to the intolerable nature of 
tellurium and its derivatives ” (J,, 1921, 119, 696). The present 
paper describes the completion of the investigation which Vernon 
contemplated, but was not able to undertake. This investigation 
has led to the discovery that diethyl telluride, like the dimethyl 
compound, yields two series of isomeric salts, and that these are 
derived from two isomeric bases, which are related to one another 
in precisely the same way as the a- and ^-bases of the dimethyl 
series. This result was by no means a foregone conclusion, since 
the cyclic base prepared by Mo]^an and Burgess (this voL, p. 321) 
does not undergo isomeric change when evaporated to dtryness 
(Gilbert and Lowry, this voL, p. 2658), although the di-iodide exists 
in two enantiotropic forms ; and Mr. W. H. Mills has informed us 
that the diphenyl compound also shows no analogous transformation 
when treated in the same way as the dimethyl base. The isomeric 
derivatives now described therefore provide the first experimental 
justification for the view that the isomerism discovered by Vernon 
is not restricted to the methyl compounds, and may be a general 
property of the dialkyltelluronium bases and salts. 

The salts in which this isomerism has been detected have b^a^ 
known for nearly a century. They were prepared by 
{Anmlen, 1840, 35, 111; 1852, 84, 73; 1855, 93, 233) 

Mallet (ibid., 1851, 79, 223) by oxidising diethyl telluriii^K^H 
dinitrate, TeEt 3 {N 03 ) 2 , by the action of nitric acid. 
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the chloride, bromide and iodide, the sulphate and oxalate, the 
oxide and the oxyhalides were obtained, but without any indication 
of iscanerism or of isomeric change. Vernon prepared the ot-di- 
iodide, TeEt 2 l 2 , by the action erf ethyl iodide on metallic tellurium 
and analysed the product ; it melted at 57®, whereas Wohler gives 
the m. p. as 50°. He also prepared the base by the action of silver 
oxide on the iodide, and added that “ K this base does not decom- 
pose when its solution is evaporated to dr 5 mess, but gives diethyl- 
telluronium oxide, the existence of two haloid series would be highly 
probable.” Our first attempt to verify this prediction gave rise 
to di^JtyUelliiTom, TeEtgOg, by spontaneous oxidation of the base, 
whereas the a- and p-dimethyl bases and Morgan’s cyclic base are 
only oxidised to the tellurone by boiling with hydrogen peroxide ; 
but by evaporating a solution of the a-base to dryness in an 
atmosphere of nitrogen, a substance was obtained wMch gave in 
aqueous solution quite different reactions towards silver nitrate 
and hydriodic acid and evidently contained the isomeric p-base. 
From this substance a characteristic series of p-salts was prepared. 

The two series of isomeric salts correspond very closely with 
those of the dimethyl series. Thus the a-di-iodide differs from the 
P-compound in that it is freely soluble in chloroform, and can be 
converted into a tetra-iodide. The remarkable contrast which 
Vernon observed between the action of alkalis on the a- and p-salts 
was also repeated in the diethyl series. Thus, the a-di-iodide gave 
rise to an oxyiodide, IpCeEt^'OTeEta]!, although this was produced 
imder a wider range of conditions than in the methyl series, since 
the same product was obtained when we tried to prepare the ethyl 
analogue of Vernon’s beautifully crystalline a-dimethylteHuronium 
dioxyiodide. The p-di-iodide, on the other hand, was converted 
by the action of alkali into a salt having the characteristics and the 
approximate composition of a triethyUelluronium iodids, TeEt^I. 

A remarkable contrast is found in the fact that the a- and P- 
chlorides and bromides of the diethyl series are obtained as oils, 
whereas those of the dimethyl series are crystalline solids of fairly 
high melting point. A close analogy (comparable with that which 
has already b^n pointed out in connexion with the conductivities ; 
this vol., p. 314) is found, however, in the trialtylstibine smaes, 
where the trimethylstibine dihalides are all solid, as is also the 
triethylstibine di-iodide, whereas the triethylstibiue dichloride and 
dibromkle are liquids. 

Apart from this contrast in melting points, the physical properties 
of the diethyl compounds are in general such as we should have 
expected in the li^t of our observations on the dimethyl series. 
E€Hr instance, the absorption spectra of the iodides all show the 
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twin znBisdma of the iodoform band/’ and the bromides exhibit 
only a step-out. Again, measurements of molecular conductivity 
show that, when dissolved in water, the dihalides lose one atom of 
halogen by hydrolysis to the free acid, giving rise to hydroxy- 
halides, to which the general formula [TeEta'OHJX is assigned. 
The only compound of the group which has been isolated is, how- 
ever, the a-oxyiodide, ipDeEta'O-TeBtg]!. The hydroxy-halides 
are ionised more or less completely in aqueous solution, but are not 
hydrolysed even in dilute solutions from which the excess of acid 
has been removed. As in the methyl series, they are acid rather 
than alkaline in their reaction. 

An interesting comparison can be made between the properties 
of the a- and the 3-base. As in the dimethyl series, the 3-base has 
a higher conductivity than the isomeric a-base, and it is also shown 
by potentiometric titrations to be stronger than the a-base during 
the first half of the process of neutralisation. At this stage, how- 
ever, the curves cross, so that the p-base is seen to be weaker than 
the a-base after half-neutralisation. The crossing of the curves is 
due to the fact that, whilst the a-base gives a neutralisation curve 
of the normal type, the curve for the 3-base is inflected, exactly as 
in the case of the a-dimethyl base (this vol,, p. 1997), although not 
to such a marked extent. The reappearance of this inflected curve 
in the case of the 3*base, and the absence of any inflexion in the 
curve for the a-base, provide the most striking evidence of the 
persistent analogy between the methyl and ethyl series of compounds. , 

Expeeimehtal. 

a-Die&ytteUuronium Di-iodide. — ^Precipitated tellurium (crushed 
crystalline tellurium is less effective) is heated in Carius tubes for 
10 days at 100° with ethyl iodide (2 mols.), the tubes being shaken 
every 12 hours. Very little pressure is developed, even at 100°, 
and there is no pressure when the tubes are opened. Since the 
compound has been found to decompose slightly during fusion, it 
would probably be better to heat at 40—50° during a period of 
perhaps 20 days, so that the compound is not prepared in the fused 
state. The di-iodide was extracted with hot chloroform (instead 
of with alcohol, as recoHunended by Vernon), filtered through a hot 
funnel to remove unchanged tellurium, and separated by rapid 
evaporation. It was obtained from alcohol in large brownish-red 
crjrstals, m. p. 57°; yield, about 20%. The final product 
identical in all respects with a ^ecimen left by Vernon. 

The a‘tetraiodide^ TeEt 2 l 4 , was obtained as a black resid ^^^B 
mixing a violet solution of iodine and a yellow solutiOi^^^^P 
a-di-iodide in chloroform, and refluxing the mixture for 
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the colour almost wholly disappearing; but some decomposition 
occurred in this process, giving rise to free iodine and tellurium. 
The x-tetra-iodide was also formed when hydriodic acid was added 
to a solution of the a-base, which had been partly oxidised by boiling 
with hydrogen peroxide for a few minutes, and then filtered from 
the resulting diethyltellurone. It melts at 98°, and loses iodine in 
the air, regeneratiog the oc-di-iodide. {After reduction with sulphur 
dioxide and addition of nitric acid, Volhard’s method gave I, 71. 
TeEt 2 l 4 requires I, 73*2%). 

The p-di-iodide does not combine with iodine under the con- 
ditions described above. 

Preparation and Properties of the tL-Base. — ^The a-base, which was 
described by Mallet as a colourless, crystalline mass, and by W5hler 
as a white, amorphous mass, was prepared by grinding the solid 
a-di-iodide with fresh moist silver oxide, in exactly the same way 
as the corresponding dimethyl base. When hydriodic acid was 
added to the aqueous solution, the a-di-iodide was regenerated as a 
bright yellow precipitate, settling to a red solid. Silver nitrate 
gave a white precipitate, turning brown and then black. On 
evaporation to dryness at 100° under 15 mm. pressure, a colourless 
oily residue was left, which changed to a white non-crystalline solid' 
when it was allowed to cool and to come in contact with cold water. 
This product, which was sparingly soluble in water and insoluble 
in organic solvents, decolorised permanganate and liberated violet 
fumes of iodine when warmed with concentrated hydriodic acid. 
Analysis showed that the a-base had been oxidised to diethyl* 
teUurone, TeEtgOg (0-0264 g. ^ve 0-0147 g. Te when oxidised with 
aqua regia and reduced with sulphur dioxide and hydrazine hydro- 
chloride : Te, 68-0. TeEt^Oa requires Te, 68-6%). 

PreparcEtion and Properties of the p-jBase. — ^The p-base was obtained 
by evaporating a solution of the a-base to dryness at 100° under 
15 mm. pressure in a stream of nitrogen. In order to dissolve it, a 
sealed tube of air-free water was broken inside the flask, which was 
then filled with nitrogen under atmospheric pressure. The p-base 
was then quite stable and resistant to oxidation, but was mixed 
with some unchanged a-base and some diethyltellurone. To purify 
it, hydriodic acid was added to the solution, and the mixed di-iodides 
were washed with a few drops of cold chloroform (in which the 
a-di-iodide is freely soluble) ; the pure p-di-iodide was then recon- 
verted into the p-base by the action of silver oxide. 

The p-base gives a faint white precipitate with silver nitrate, 
which turns black on boiling, but not in the cold. With hydriodic 
acid it gives a dark red precipitate of the p-di-iodide which settles 
to a purple solid; the presence of any a-base as impurity can be 
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detected by the formation of a fine yellow precipitate which remains 
at the top of the beaker. 

Preparation and Properties of the ^-BUiodide . — ^The ^-di-iodide can 
be prepared in a crude form by the action of hydriodic acid on the 
crude p-base, and freed from the a-isomeride by washing with 
chloroform, in which it is almost insoluble. It can also be obtained 
(free from the a-isomeride) by the action of hydriodic acid on diethyl- 
tellurone. It separates from methyl alcohol in dark purple crystals, 
m. p. 42° (¥ound : I, o7-2. TeEtgl^ requires I, 57*9%). It is also 
readily soluble in acetone, but gives a lachrymatory vapour 
(possibly iodoacetone) when the solution is evaporated. 

a- and f>~Bibr amides. — ^The a-dibromide was obtained by Wohler 
as a pale yellow oil of high boiling point. We obtained it in a 
similar form (Pound : Br, 46-2. Calc, for TeEtgBrg : Br, 46-4%), 
but found that it solidified when cooled with a freezing mixture of 
ice and salt. When freed from the mother-liquor and dried in a 
vacuum desiccator, the solid does not melt till + 24°, but it does 
not then resolidify on cooling. The ^-dibromide was obtained as a 
yellow oil of deeper colour, and solidified to a glass at — 12° (Pound : 
Br, 46-0. TeEt 2 Br 2 requires Br, 46-4%). 

a- and ^-Bichlorides . — ^The a-dichloride was prepared by Mallet, 
who distilled it without decomposition at a temperature too high 
to be measured. We obtained it as a colourless oil (Pound : Cl, 
27-0. Calc, : d, 27-6%) which froze to a glass in a freeziQg ixiixture 
at — 12°, and melted again at — 5°. The ^-dichlaride was also 
obtained as a colourless oil (Found : Cl, 27-8. TeEt 2 Cl 2 requires 
Cl, 27-6%) which solidified in a freezing mixture and melted again 
at -10°. 

Action of alkalis, (a) In order to prepare a “ dioxyiodide,** the 
a-di-iodide was ground up with a little concentrated ammonia, 
dissolved in the minimum quantity of water, and left to crystallise 
in a vacuum desiccator. Colourless crystals separated, which 
melted at 107° and turned red on exposure to air ; but these were 
shown by analysis to be an a-monoxyiodide, to which the formula 
iLTeEtg-O'TeEyi may be assigned (I, 39-0 ; calc., 39-5%). When 
the crystals were boiled with water and cooled, in order to convert 
the supposed "'dioxyiodide” into a monoxyiodide,” the same 
product was obtained (1, 39-9 ; calc., 39-5%), but in a less pure form, 
since it melted at 104—106°. This was a sticky, orange-yellow 
precipitate, which resembled the yellow “ monoxyiodide ” of the 
methyl series; but, unlike the methyl compound, it did notify 
its colour after long standing in contact with water ; nor did 
its colour when recrystallised from hot water, , 

(b) The product obtained by boiling the ^-di-iodide 
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equivalent of sodium carbonate in concentrated solution, and then 
cooling, was a white precipitate, which was washed with a drop of 
ice-cold water. It had the properties of a trielJiyltellmonivM iodide^ 
since it did not change colour when exposed to acid fumes, and 
blackened without melting above 180°. It was appreciably soluble 
in water, but insoluble in organic solvents; it was therefore not 
easy to free it completely from sodium carbonate, the low per- 
centage of iodine found on analysis thus being accounted for 
(Found : I, 35'9. TeEtgl requires I, 37*3%). 

Actim of mercury diphenyl. Vernon directs attention to the 
“ almost unique ” action of mercury diphenyl on a-dimethyl- 
telluronium di-iodide and states that the interaction with the 
a-diethyl compound ‘‘ does not take place in this curious manner.” 
On mixing equimolecular solutions in chloroform of mercury diphenyl 
and of the a-di-iodide, TeEt 2 lg, the brown colour of the solutions 
became yellow, and after about 5 seconds a yellow precipitate was 
suddenly formed, very much as in the case of the dimethyl com- 
pound. This precipitate was a heavy, ydlowish-green oil; when 
cooled to -—8°, it solidified to a pale yellow, crystallrne mass, and 
then remained solid up to 94°. (The a-methyl compound melts at 
125°.) The addition compound is soluble in acetone, but does not 
crystallise weE from this solvent. When hoiled with chloroform 
or alcohol, it liberates a smell resembling that of carbylamine. 
Analysis showed that it contains two molecules of the di-iodide to 
one of mercuiy diphenyl [Foimd : Hg + Te, 36-3. (TeEt 2 l 2 ) 2 jHgPh 2 
requires Hg + Te, 35*0%]. Mercury di-p-tolyl does not appear to 
interact with a-dimethyl- or a-diethyl-teiluronimn di-iodide. 

Absorption Spectra. 

The absorption spectra of the dimethyl series had been deter- 
mined in specially dried alcohol in order to avoid hydrolysis (this 
voL, p. 308), but since Batley {Trans. Faraday Soc.y 1928, 24, 438) 
has described a reaction between alcohol and iodine, it was thought 
preferable to measure the absorption spectra in a more inert 
solvent. They were therefore observed in cyclohexane, which had 
been shaken with oleum and with sodium carbonate, dried, and 
fractionated. 

The a-dihaUdes are readily soluble in cyclohexane. The p-di- 
haiides are only very sparin^y soluble, but since only very dilute 
solutions were required, the concentrations of the saturated solu- 
tions were found to be sufficient. The extinction coefficients of the 
a- and g-di-ibdides and of the a- and f-dibromides of the diethyl 
series were measured ; but not those of the dichlorides or of tiie 
hydroxy-salts, which give only general absorpticn. For the 
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purpose of eomparisoiij the absorption spectra of a- and pi^di- 
methyltelluronium di^odides were also measured in cycZohexane. 

The most important values of X and of log s are set out in Table I, 
and the corresponding absorption curves are plotted in Fig. 1 • The 
general results are very similar to those already recorded for solutions 
of the dimethyl salts in alcohol, but the absolute values of the 
extinction coefficients in C2/c?ohexane are higher than in ethyl alcohol ; 
the wave-length of the head of the band is also shorter in every case. 

Fig. 1. 


Jlolecular extinction coefficimte in cyclohexane. 



Table I, 

Extinction Coefficients of Dieihyltelluroninm Diiialidejs. 

a-TeMeJa A = 3400 at log^ € = 4*2 7 ; A = 2680 at log € = 4'47 
j8-Te3He,l3 A = 3360 at log € = 4-49 j A = 2640 at log € r= 4^70 
a-TeEt Js A = 3350 at log i = 4-36; A = 2700 at log € = 4-65 
^-TeEtsIa A = 3360 at log € = 4-51 ; A = 2670 at log e 4*80 
a-TeEtgli A = 3360 at log e = 4*82 ; A = 2630 at log e = 4*95 
a-TeEtjBr^ Step-out from A 2900 to 2660 at log e = 3-8 to 4-0 
^-TeEtjBrg Step-out from A 2900 -to 2690 at log « = 4-0 to 4*2 

Mokctilar Conductivities. 

These were determined at 25° in cells of which the constants were 
0-2240 and 0-1250 cmr^. Since -the dihalides were difficult to 
dissolve and it w^ inadvisable to boil them with water, they were 
dissolved in the minimum quantity of cold ethyl alcohol and the 
solutions were diluted with cold conductivity water. The amount 
of alcohol in the most concentrated solution is $ho\m in^paren&eses 
in Table H and was never more than 4% ; and this/ of ^ course^ Is 
hcdved at mek dilution. A correotion, of 2| times the 
of alcohol, was applied to the final conductivity 
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validity of this correction has already been demonstrated (this 
vol., p. 313). 

The solutions of the bases were standardised by titration against 
jS'/lO-hydrochloric acid with bromophenol-blue as indicator. Solu- 
tions of the hydroxyhaMes were prepared by mixing equimolecular 
solutions of dihalide and base. The p-dichloride was not inves- 
tigated, since after purihcation and analysis there was not sufficient 
material available. 

The molecular conductivities at 25° are summarised in Table II. 
The behaviour of the salts is similar to that of the dimethyl salts, 
but there is some contrast in the behaviour of the bases. For 
instance, whilst the a-base has the same low conductivity as the 
corresponding methyl base, the p-base has a conductivity ranging 
from 8 to 16 units as compared with 34 to 37 for the p-base of the 
methyl series. The somewhat hi^er values recorded for the P-base 
prepared from a-base are doubtless due to traces of impurities 
in the solution. A solution of the crystalline o^odide, 
I[TeEt 2 * 0 *TeEt 2 ]I, made up without the use of alcohol, gave 
molecular conductivities which were slightly less than twice the 
values recorded for the hydroxyiodide, exactly as was observed in 
the methyl series (this vol., p. 2006). 


Table II. 


Molecular Conductivities of DiethyUelluronium Compounds at 25°. 


(Corrected for alcohol content.) 


V = 

(a) IHhdUdes. 

a-TeEtsCIg (1-5)* 

a-Te£it.Br2 (3) 

a-TeEtjIj (4) 

a-TeEt^< (4) 

P-XeEtaBrj (1*8) 

E-TeEfcJ, (4) 


(b) Hydroxy -halides, 

o-TeEt8(OH)a (0-3) 
a-TeEfe2(OH)Br{0'8) 
a-TeEt2(OH)I (1-5) 
^-(XeE'tjl^OXg (0) . . 
S-TeEt 2 (OH)Br(l) .. 
i8-TeEts(OH)I (2) .. 


V = 32* 

(c) Bom. 

ci-XeEt«(OB[)« 2*7 

p.TeEt*(OH)* 
from a-ba^ ... 10-5 

fromp-aali ... 8-6 


256. 

512. 

1024. 

2048. 

4096. 

605 

514 

520 

524 

529 

503 

611 

517 

521 

523 

504 

512 

518 

524 

527 

— 

493 

499 

501 

503 

507 

514 

521 

527 * 

528 

506 

512 

517 

524 

629 

97 

104 

108 

110 

113 

100 

104 

107 

109 

114 

98 

100-5 

102 

107 

111 

185 

194 

198 

204 

213 

104 

104-6 

106-5 

110 

112 

99-5 

102 

104-5 

107 

109 

64. 

128. 

256. 

512. 

1024. 

3-3 

3*9 

4-55 

5-85 

8-0 

11-4 

12-6 

13-5 

15-1 


9-6 

10-6 

12*8 

— 

— 


* The nmaherB in parentheses show the percentage of alcohol in the nusst 
oonoenlaated soluUcm. 
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Poteniiometric Titrations, 

These were carried out with a glass electrode, jW'-hydrocliloric acid 
being used for the titration. The glass electrode had a very thin 
bulb, and gave about 56 millivolts per The potentials were 
checked by taking readings of an acid and an alkaline solution of 


Fig. 2 . 

Poteniiometric titrations* 



0 * i J 1 i L I 

PSi 


known jPh every time a titration was made. Two curves for the 
a-diethyltelluronium base and two for the P-base (prepared in each 
case from the p-salt) are shown in Kg, 2, and some of the principal 
data are summarised in Table JU. 


The curves for the a-base are quite normal; those for the P-bae^l 
show an intermediate inflexion at 50% neutralisation, althou^^^lN^ 
less pronounced character than in the case of the methyl 
inflexion at 100% neutralisation corresponds in each case 
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formation of the hydroxyhaKde, [TeEtgOHJCl, but there is no sign 
of the second hydroxyl being neutralised at 200% neutralisation, 
nor is there any indication of basic compounds apart from the 
inflexion in the curves for the g-base. The curve for the N /16'5- 
solution of the a-base is on the acid side of that for the N /11'4- 
solution, as might be expected ; this is also true of the N 126- and 
J/’/13'4-solutions of the p-base. An anomaly is found in the fact 
that the foot of the curve for the a-base is on the alkaline side of 
that for the p-base, which has a higher molecular conductivity; 
but we do not attach any importance to this anomaly, since it 
disappears after 2 or 3 drops of acid have been added. 

The data cited in Table HI show that the dissociation constant 
of the a-base is given by —log Ki, = 7-5. The strength of 
the p-base cannot be deduced from the ps at half-neutralisation, 
since the curve is inflected at this point, but it can be deduced from 
the relation —log = log{(l — x)jx} + px,, — ps, “where x is 
the fraction of base neutralised. The pa at 25% neutralisation 
then gives —log = 6*7. The p-base is therefore stronger than 
the a-base, which is in accordance with the conductivity measure- 
ments. The pfl at 75% neutralisation shows that the dissociation 
constant of the basic salt formed at 50% neutralisation of the 
P-base is —log = 7*62. 

The relationship between the dimethyl- and the diethyl-telluron- 
ium bases is as follows : the two a-bases are of exactly the same 
strength, —log Kj, =; 7*5 ; the true p-methyl base, —log Ki, = 6-2, 
is stronger than the p-ethyl base, —log = 6*7 ; but the basic 
salt 2TeEt20,HC!l, —log E^ = 7*62, is a stronger base than the 
basic salt 2TeMe20,HCl, —log Zi = 8-7. 

Table ni. 

Potentiometric Titrations. 






X'n.* 



Bange of 

Neutralisation. 

Znitiel. 

50%. 

100%. 

98%. 

102%. 

/O 

to 102%. 

(z*B«se 

N/16-5 

8^90 

6'5 

3*8 

4*88 

3-14 

1-74 

a-Base 

Nllh4: 

9*08 

6*55 

3*8 

4-72 

2-86 

1-86 

p-Base 

AT/Se-O 

8*30 

6*60 

3*64 

4*30 

3*00 

1-30 

jS-Base 

N/13-4 

8-60 

6*78 

3-63 

4*48 

2-86 

1-62 


Summary. 

1. a-Diethyltelluronium di-iodide yields an a-base, which is 
oonv^ted into an isomeric p-base when the aqueous solution is 
evaporated to dryness in a vacuum. 

2. From the p-base a series of p-salts can be prepared. The two 
senes of salts differ in their behaviour towards alkali^ since the 
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a-iodide gives a colourless monoxjdodide, whereas the p-iodide gives 
a triethyltelluronium salt ; and a tetra-iodide could only be prepared 
from the a-base. 

3. The ^-base is stronger than the a-base, and gives an infected 
potentiometric cnrve^ as in the methyl series. 

We are indebted to the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (P. L, G.) during 
the period in which this research was made. 

Ukiveksity Chemzgaii Labobatobt, 

C.A2C&Bn>G£. [Beceived, October Zlst, 19S8.] 


CCCCXXII . — Stereoisomerism of Disulphoxides and 
Related Svhstaiiices. Part III. Some Pairs of 
Arormtic Disulphoxides. 

By Eenest Veee Bell and Geoeoe IKcdonald BEinifETT. 

An examination of the products of oxidation of several aromatic 
disulphides of the general formulae Ar'S*C 2 H 4 *SAr and CgH 4 (SEr )2 
shows that in each case a pair of diastereoisomeric disulphoxides 
is produced. 

5 -Dibenzylthiolethane was oxidised by Prornm, Benzinger, and 
Schafer {Anncden, 1912, 394, 325) to a disulphoxide of m. p. 198®, 
A re-investigation of this substance shows it to be a mixture of 
two isomeridea melting at 209® and 191® respectively. We have 
also prepared two new disulphides of the same type, namely* 
s-diphenyUhioUtkamf m. p. 69®, and s-di^p4olylthioUffiuw^ m, p. 81°, 
and each was oxidised by hydrogen peroxide to a mixture in about 
equal proportion of two isomerides : the eihyUne diphenyl disulph- 
oxides, a- of m. p. 166° and p- m. p. 123°; the ethylene di~-p4dyl 
disulphoxides, a- m. p. 174° and g- m. p. 127°. 

The oxidation of w-dimethylthiolbenzene yields an a-dimlphoxide, 
m. p. 147°, and a ^-disulphoxide, m. p, 102°, each distinct in properties 
from the substance described by 2 Hncke and Kruger (Ber,, 1912, 45 , 
3468}, which was doubtless a mixture of the two. The a-disulph- 
oxide, m. p. 133°, of m-dibenzylthiolbenzene is, however, evidently 
identical with the disulphoxide obtained by the same authors, but 
we have isolated in addition a ^-disulphoxide, m. p. 123®, from the 
mother-liquors of crystallisation of the former sutetance. ^,, 5 . 

In the same way, the disulphoxide, m. p. 188°, (now, ^ 
p-dimethylthiolbenzene (Zincke and i^ohneberg, Ber,, 

2721) was found to be accomx^nied by a more solu]^ 
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m. p. 136°, which, like its isomeride, jdelds a crystaJline merczcri- 
chloride. 

The members of each of these pairs of isomerides are sharply 
differentiated by their melting points, crystal fonns and solubilities. 
In each case they were shown to be readily reduced to the parent 
disulphide, the alternative structure of a monosulphone being 
thereby excluded. Mixtures of the two related substances do not 
show a sharply depressed melting point, but in aB cases melt over 
a range of temperature. 

JTegative results were obtained when attempts were made to 
isolate a crystalline bromide or hydrochloride of any of these 
disulphoxides (compare Part II, this voL, p. 86). 

Expeeimental. 

Condensation of Thiopheml and ^‘Thiocresol vdth Ethylene Di- 
bromide. — Thiophenol (13*5 g.) in ethyl alcohol (100 c.c.) was heated 
on the steam-bath for 1 hour with potassium hydroxide (6*9 g, in a 
little water) and ethylene dibromide (11*3 g.). When the solvent 
had been removed in a current of steam, the residual oil solidified 
on cooling (yield, 14*6 g.). s-DijahenyMioUthane, thus obtained, 
crystallised from ethyl alcohol in colourless, monoclinic plates, m. p. 
69° (Pound : C, 68*0 ; H, 5*8. C14H14S2 requires C, 68-3; H, 5*7%). 

A similar operation using p-thiocresol (31*0 g.) gave s-di-p- 
tolyl^iolethane (30 g.), which crystallised from ethyl alcohol in 
colourless, monoclinic plates, m. p. 81° (Pound : S, 23*4. 
requires S, 23-35%). 

Oxidation of the Disulphides with Hydrogen Peroxide. — ^In all cases 
to be describe in this paper, the disulphide was oxidised by adding 
to its solution in glacial acetic acid the calculated amount of 25% 
hydrogen peroxide. After 24 hours the acetiG acid was removed from 
the mixture in a current of steam, followed by evaporation to 
dryness on a steam-bath, the crude oxidation product being thus 
obtained in quantitative yield. 

I&meric Dioxides from DiphenyUhioldhane. — ^The crude oxidation 
product, insoluble in water, but soluble in most organic solvaits, 
was separated, by fractional crystallisation from toluene, into two 
isommdes which appear to formed in approxunatdly equal 
proportion. 

The nb-dMulphaxide (yield of pure substance from 5 g. of the 
disul^oxide, 1-2 g.) formed colourless, monoclinic platas or tables, 
m. p. 166° (deoomp,), from ethyl alcohol (Pound : C, 60-3; H, 5*0; 
S, 23-3. Cj4Hj40aS8 requires C, 60*4; H, 5-0; S, 23-0%). The 
(yieid, 0*8 g.) separated from alcohol m oolourkss 
needles with straig^ extinction, m. p. 123° (decomp.), and was 
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much more soluble in organic solvents than the preceding substance 
(Found ; S, 22-8%). 

Seduction oj the DisulpJioxides. — ^In this and each other instance 
the isomerides were reduced in alcohoHc solution by means of zmo 
dust and hydrochloric acid and the product was found by its melting 
point and by that of a mixture with the parent disulphide to be 
identical willi the latter. 

Isomeric Dioxides of Di-p-tolylthiolethane, — ^The oxidation product 
was a mixture of two substances, present in equal proportion and 
separated by fractional crystallisation from toluene. The a^isulph- 
oxide (yield of pure substance, 1-1 g. from 9*1 g. of disulphide) may 
be crystallised from benzene, toluene, xylene, ethyl, butyl or amyl 
alcohol, or ethyl acetate, but it is insoluble in water. It separates 
from ethyl * alcohol in small rhomb-shaped plates with diagonal 
extinction and a high double refraction ; m. p. 173 — 174® (decomp.) 
(Found : S, 20-8. CigHig02S2 requires S, 20-9%). The ^-disulph- 
oxide (yield, 0-9 g.) is more soluble in aU solvents than its isomeride, 
but is insoluble in water. It separates from its highly concentrated 
solution in ethyl alcohol in needles with straight extinction, m. p. 
126—127° (decomp.) (Found: S, 20*7%). 

Isomeric Dioxides of DibenzyUMohthme, — ^The crude dioxides 
(10-7 g. from 10*0 g. of the disulphide) Tfere separated by ciystallis- 
ation from amyl alcohol. The a-disviphoxide separate in small 
monoelinic plates from ethyl or amyl alcohol or 50% acetic acid, 
and in flat prisms from xylene, m. p. 209° (Found : S, 21-0. 
0ieHig02S2 requires S, 20-9%). The ^-disfulpTiaxide was freed from 
the last traces of the a-isomeride by crystallisation from xylene. 
It separated from xylene or amyl alcohol in feathery needles having 
a straight extinction, m. p. 192° (Found : S, 21 '0%). The disulph- 
oxide described by Fromm, Benzmger, and Schafer (Zoc. cit.) had 
m. p. 198°. 

Isomeric Dioxides of 1 : Z~DimethyUhio1benzene. — ^The crude pro- 
duct of oxidation was separated by crystallisation from benzene 


into two substances present in approximately equal quantities : the 
x-disulpTboxide^ crystallising from benzene in plates with a high 
double refraction and a straight extinction, m. p. 147° (Found : 
S, 32*0. requires S, 31-7%), and the more soluble 

^‘disulphoxide, which separated from benzene in rhomb-shaped 
crystals with an oblique extinction, m. p. 102° (Found : S, 31-8%). 


The substance described by Zincke and Kruger (Zoc. cit) had 

The reduction of these two disulphoxides yielded the 
disulphide, which is a liquid. Its identity was conflxmed^1S|^HP 
eases by the preparation of the crystalline 
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dimethyltliiolbeiizene, m. p. 108° (Found : Eg, 45*5. CgH^oS^CijE^ 
requires Eg, 45*3%). 

homna Dioxides of 1 : Z-DUmzyl&i(dhn 2 me.—Tvo sabstanoes, 
present in about equal proportion, were separated from the oxidaMon 
product fractional crj/stallisation from toluene and rnktores of 
this solvent with petroleum of b. p. 100—120°. 

The a-disulp7ioxide crystallised from toluene or ethyl alcohol 
in almost square plates with diagonal esdiuction, m. p. 133° (Found : 
S, 18-0. CjoHigOjiSa requires S, 18-1%). The more soluble 
sulplmide separated in minute, rhomb- or hexagonal-shaped 
crystals from toluene ami in characteristic sphmcal aggregates 
from carbon tetrachloride ; m. p. 123° (Found : S, 18‘3%). The 
substance described by Zmcke and Eriiger had m. p. 131°. 

Isomeric Dioxides from 1 : 4b‘Diinahylthiolbenzerie.— The crude 
mixture was readily soluble in water and moderately easily soluble 
in. other solvents. Crystallisation from toluene, ethyl alcohol, 
benzene, and ethyl acetate separated two isomeric dioxides. The 
a-disulphoxide (yield, 2-3 g. of pure substance from 10 g. of the 
disulphide) crystallised from water in rhomb-shaped plates with 
an oblique extinction, m. p. 183° (Found: S, 31’7. Calc, for 
CgHigO^j : S, 31-7%). ZSncke and Frohneberg (loc. cif.) gave the 
m. p. as 188°. The mercurichloride was obtained in silvery plates, 
m. p. 216° (decomp.), sparingly soluble in water (Found: Eg, 
42-25. Calc, for CgEmOgOgSgEg : Eg, 42-3%). Zincke and 
Frohneberg give the m. p. as 220°. The ^-disulphozide (yidd, 2-2 g.) 
is more soluble than its isomeride in all solvents. It crystaUises in 
branching needles with an oblique extmction, m. p. 136° (Found : S, 
31-7%), and forms a mercurichloride similar to that of tibe a-iso- 
meride, but much more readily soluble in water and having m. p. 
188° (decomp.). 

Note on the Ddermnation of 8^dph^lT.—The method of Pregl 
(“ Quaniatative Organic Mcroanalysis,” English ed., 1924, p. 102) 
has proved vmy useful on the macro-scale. Ordinary combustion 
tube is constricted at a point which divides it mto a length of SO cm. 
(for ihe boat and platinum catfdysts) and 35 cm. (for glass beads). 
The add produced is titrated with N]10-aSka3i and phenolphthalein. 
The time required for an analyst is less than for an ordinary 
combuslaan. 


The TThivebsist, SasmssLO. 


IReeeived, Noveniber Ut, 1928.] 
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CCCCXXIII . — Degradation of Quaternary Ammonium 
Salts. Part 1. 

By Thomas Stevens Stevens, Elton Marshall Creighton, 
Alexander Brown Gordon, and Malcolm MaoNiool. 

In the course of synthetic work a method was required whereby 
the nitrogen atom of a secondary amine might be protected in such 
a way as to admit of quaternary salt formation and subsequent 
removal of the protecting group : the most obvious solution was the 
insertion of an alkyl radical which should be removed with special 
ease in a Hofmann degradation of the subsequently formed quatern- 
ary salt. Now quaternary salts derived from tetrahydroifioquinoline 
readily undergo such degradation with rupture of the bond between 
the nitrogen atom and carbon atom 3, but the conversion of narcotine 
methiodide (I) into narceme (II) forms a notable exception. This 
fact suggest^ that the group Ph*OH(OH)-CH 2 * might prove 
suitable. 



Preliminary experiments showed that styrene iodohydrin did 
not readily yield quaternary salts, and accordio^y salts were 
prepared &om co-bromoacetophenone and tertiary bases, and sub- 
mitted to reduction with sodium amalgam. It is probable, however, 
that the removal of the phenacyl group under these conditions is 
not due to its reduction to p-hydroxy-p-phenylethyl and subsequent 
Hofmann degradation, for it was found that phenacylbenzyUi- 
methylammonium bromide yielded bemsyldimethylamine on reduction 
in acid solution, and similar observations have been recorded by 
Schmidt and Bumpel (Arch. Pharm., 1899, 237, 222) and by Emde 
and Eunne {ibid.y 1911, 249, 354). Emde’s systematic study of the 
reduction of ammonium salts has shown that of the commoxdy 
occurring radicals benzyl is most loosely held, but it was necessary 
for the present purpose to find a still more easily detachable 
The phenacylo-bromides or -iodides of p-phenylethyldime fed^ 
amine, dimethylpiperazine, hydrohydrastioine (III), hmxsg^m ^ 
methylamine, and a-phenylethyldimethylamine were investip^ ; 
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the first three salts readily lost the phenacyl group on redaction 
with sodium amalgam, but the last two reacted abnormally {vide 

CHj 

H.O<yY^. (ino 


infra). The residts show that the removal of the phenacyl group 
by reduction may leave intact structures which exhibit little stabihty 
towards other methods of degradation. The satisfactory results 
obtained with the salt derived from dimethylpiperazine are of 
particular interest, since the piperazine ring is opened with excep- 
tional ease by Hofmann degradation (von Braun, Goll, and Zobel, 
Ber,, 1926, 59, 936). 

When an aqueous solution of phenacylbenzyldimethylammonium 
bromide (IV) is treated with sodium amalgam, the reaction does 
not proceed normafly with elimination of the phenacyl radical, but 
yields a soM base, which is also produced in excellent 

yield by heating the salt (IV) with dilute sodium hydroxide solution. 
The analytical data are not inconsistent with the formula 
(= Ph'CO-CHg'NMe-CHgPh), but the degradation has not taken 
the unusual course of removing a methyl group preferentially to 
benzyl or phenacyl, since the methobromide of the new base is not 
identical with the salt (IV), Hot alkali converts this methobromide 
into phenyl styryl ketone, so that the solid base would appear to 
have the constitution (V) or (VI). The former alternative is 
favoured, and the presence of an ay-diphenylpropane skeleton 
confirmed, by the observation that the methobromide yields beznsyl- 
acetophenone on reduction. 


(IV.) Ph-CO-CHg-NMegBr-CHgPh 
Ph-CO-9H-NMea 
CHaPh 


Ph-CO-CH2-9HPh (yj) 
NMco 

Ph-CO*CHBrCHoPh (Vn.) 


The formula (V) was shown by synthesis to be the correct one. 
Benzylaeetophenone yields the substance (VH) on bromiQation,the 
position of the bromine atom being confirmed by the non-identity 
of the compound with the known p-bromobenzylacetophenone 
(Bupe said Schneider, Ber,, 1895, 28, 958 ; Vorlander and Tubandt, 
JBef 196i, S7, 1652). By the action of dimethylamine, (VII) yields 
a product identical with the base The synthesis might 

conceivably give rise to the isomeride (VI) by removal of hydrogen 
bromide from (VH), followed by addition of dimethylamine to the 
unsaturated but experiments on the addition of dimethyl- 

amine to phenyl styryl ketone have yielded only small quantities 
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of very unstable basic material, in general agreement with the 
observation of Georgi and Schwyzer (J. Chem,, 1912, 86, 273) 
that p-piperidinobenzylacetophenone is highly unstable, 

Phenacyl-a-phenylethyldimethylammonium iodide yields with 
alkali a presumably sircar solid base which will be described in 
a future communication. 

This p^uliar migration of the benzyl radical is probably due to 
the combined effect of the relative toleration of the benzyl group 
for a positive charge (compare Hanhart and Ingold, J., 1927, 1003) 
and the reactivity of the methylene group in the phenacyl radical, 
but we prefer not to speculate further as to the mechanism of the 
reaction until more experimental data are forthcoming. 

The fact that the substance (I) yields benzyldimethylamine on 
reduction in acid solution shows that the quaternary salt has the 
structure assigned to it, and that the migration takes place during 
the treatment with alkali. 

Experimental. 

The following tertiary bases were prepared according to the 
references quoted : p-phenylethyldimethylamine (Decker and 
Becker, Ber., 1912, 45, 2404), dimethylpiperazine (Bschweiler, 
D.E.-P. 80520, 1893; I&iorr, Hdrlein, and Roth, Ber., 1905, 38, 
3136), benzyldimethylamine (Eschweiler, he. cit.; Sommelet and 
Guioth, CompL rmd., 1922, 174, 687). The quaternary salts were 
obtained by refluxing the base (1 mol.) with bromoacetophenone 
(1 mol.) in benzene solution for 1 hour, except in the case of that 
derived from diethylanfline, the reaction here being carried out in 
hot alcohol or cold acetone. The bromide was either recrystallised 
from alcohol-other, or converted by potassium iodide solution into 
tile iodide, and the latter purified in Hke manner. Reduction of 
the salts was carried out in hot aqueous solution by an excess of 
sodium amalgam. 

iodide forms a microcrystalline 
powder, m. p. 133® (Pound: I, 32-5. requires I, 

32*2%). The preparation of this and other quaternary salts con- 
taining the nitrogen atom directly attached to an aromatio nucleus 
did not proceed smoothly (compare Wedekind, Ber., 1908, 41, 
2802), and their degradation appeared to take an abnormal course, 
which is under investigation. 

Phein4icyl^^'phenylethyUi7neikyk^ bromide forms clusters 

of minute prisms, m. p. 191® (Pound: Br, 23-2. CigHigONM 
require Br, 23-0%). After degradation, the p-phenyleth^K 
methylamine was identified as picrate and as methiodide 
and Becker, he. ciL). - 
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Diphena^^yMijnethylpiperazinium dibromide is rather sparingly 
soluble in TOter or alcohol, and crystallises from these solvents 
in small lamina, m. p. 222 — ^225° (decomp.) (Poimd : Br, 30*8. 
OggHggOgNgBrg requires Br, 31*2%). The salt appeared to be 
homogeneous, but no very thorough search was made for the second 
theoretically possible stereoisomeride. After reduction, the regener- 
ated dimethylpiperazine was distilled in steam and isolated as the 
very sparingly soluble picrate (decomp. 280®) (Knoir, Horlein, and 
Both, Zoc. cit). It was further characterised by the red precipitate 
produced with potassium bismuth iodide, and by reconversion, 
through the hydrochloride, into the original phenacylobromide. 

Efydrobydrastinine phenacyloiodide separates from water or 
alcohol, in both of which it is sparingly soluble, in spherical aggre- 
gates of minute prisms, m. p. 190° (Found : I, 28-9. 
requires I, 29*1%). From the liquors after reduction, benzene 
extracted hydrohydrastinine, m. p. and mixed m. p. 64°. 

Pb^n^cMiylbenzyldijnethyhmmonium bromide forms small prisms, 
m. p. 167 — 168° (Found : Br, 24-2. Ci^HgoONBr requires Br, 
24*0%) . Eeduction with zinc dust and sulphuric acid gave a 
steam- volatile base whose methiodide underwent partial fusion at 
170° (m. p. of benzyltrimethylammonium iodide, 177 — 178°), but 
was not completely melted below 250°. With picric acid, however, 
the iodide yielded benzyltrimethylammonium picrate, m. p. and 
mixed m. p. 173 — 174° (Goss, Hanhart, and Ingold, J., 1927, 269, 
give 168 — 169°); the crude iodide probably contained phenacyl- 
trimethylammonium iodide, or the tetramethylammonium s^t 
produced from the latter by the action of excess of methyl iodide. 

<ii^DimeihyIamino-<a‘benzyhceiophenone (V). — {a) Fhenacylbeozyl* 
dimethylammonium bromide is heated on the water-bath with 
excess of 10% sodium hydroxide solution for 1 hour. The oily 
product soli^es on cooling and is recrystaJIised from aqueous 
methyl alcohol. Yield, 90%. (6) co-Bromo-cD-benzylacetophenone 
{mde infra) (1 mol.), dimethylamine hydrochloride (2 mols.), and 
sodium methoxide (2 mols.) are mixed in methyl-alcoholic solution, 
kept over-night, and warmed for 2 hours on the water-bath. The 
diluted mixture is extracted with benzene and the product is 
extracted from the benzene by hydrochloric acid and precipitated 
by ammonia. 

forms colourless leaflets, 
m. p. 77—79°, which are moderately easily soluble in methyl alcohol 
and readily soluble in benzene or light petroleum (Found : C, 80-7, 
80-8; H, 7-4, 7-4; Jlf, cryoscopic in benzene, 252. 
zeqiujres C, 80‘6; H, 7*6%; M, 263). The substance is slightly 
volatile in steam, and slowly lesinifies on keeping. It does not 
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appear to react with hydroxylamine, semicarbazide, or ^-nitro- 
phenylhydrazine, and is comparatively stable towards acid perman- 
ganate. The picrate crystallises from alcohol in bright yellow sword- 
blades, m. p. 147 — 149® (Found : N, 11-8. 0i7Hi90N,0gH307l!r3 
requires N, 11*6%). The identity of the products yielded by 
methods {a) and (6) was shown by direct comparison and mixed 
melting points of the base and of the picrate. 

The methosulphate, prepared in benzene solution, yields the 
TneSiobromide on addition of potassium bromide to its solution in 
water. This salt separates from alcohol-ether in faintly pink 
prisms, m. p. 195 — 197° (Found : Br, 21-9, 21-4; loss at 130®, 6*2, 
requires Br, 21*6; loss, 6*2%). On heating 
on the water-bath with dilute sodium hydroxide solution it yields 
phenyl styryl ketone, identified as the a-dibromide (Pond, York, 
and Moore, J. Amer. CJiem. jSoc., 1901, 23, 790), m. p. and mixed 
m. p. 167°. By reduction with zinc dust and sulphuric acid, the 
methobromide yields benzylacetophenone, which was characterised 
by conversion into the semicarbazone (most readily purified from 
ether-light petroleum), m. p. and mixed m. p. 143° (Jacobson and 
Ghosh, J., 1915, 107, 962). 

co-jBrowlo-co-5e1^2^J/Zac6^opiiewo7^e (VII) is obtained by the action of 
the theoretical quantity of bro mi ne on benzylacetophenone in 
carbon tetrachloride. The reaction proceeds rapidly, and after the 
hydrogen bromide has been removed by a current of dry air the 
solvent is evaporated and the residue recrystaUised from methyl 
alcohol. It forms minute prisms, m. p. 67 — ^50° (Found : Br, 27*8. 
CigHjsOBr requires Br, 27*7%) ; the m. p. is depressed by admixture 
with p-bromobenzylacetophenone, prepared by the method of 
Vorlander and Tubandt {he. cit). The substance (IV) appears to 
show the acidic properties associated with a-halogeno-ketones in 
that it yields a golden-yellow solution with aqueous-alcoholic 
alkali. 

The Usuveesitt, Oiasgow. [ Beceived , Octob&r 27th, 1928 .] 


CCCCXXIV . — Studies in the Composition of CoaL 
The Active-decomposition Point of CoaL 

By Ronald Holroyd and Richard Vernon Wheeler. 

During the slow distillation of a bituminous coal in a vacuum, 
gases and liquids (water and oils) are evolved at quite low teB3|^^ 
atures. At 100°, for example, traces of liquid pentane 
detected in the water which, together with occluded ” 
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be eyolved in considerable quantity from an air-dried coal at that 
temperature. Such gases and liquids are not products of decom- 
position of the coal. Even the red oils that first make their appear- 
ance at about 225° are not decomposition products, but are liquated 
from the coal conglomerate, being yielded by free hydrocarbons. 
The main mass of the coal begins to decompose at a definite temper- 
ature which, for a given coal under standard conditions of heating, 
is constant within ± 2°. Wide variations in the experimental 
conditions do not markedly affect the result, but this temperature 
of active decomposition varies for different coals. Kepresenting 
as it does the beginning of disruption by heat of the ulmin molecules, 
it would appear to be an important constant characteristic of the 
type and properties of different coals, and we have therefore deter- 
mined it for a number of samples. 

Before recording the results, we must recount the observations, 
referred to briefly in our paper on oil-yielding constituents (this 
voL, p, 2669), which enable this decomposition point to be specified 
and related to the ulmin constituents of the coal. 

The method of experiment involved the heating of 250-g. charges 
of the finely powdered coals under high vacuum at different temper- 
atures, the standard period of heating at each temperature being 
120 hours. Under these conditions, the action of heat on the 
individual ingredients of the coal could be followed comparatively 
easily. No marked decomposition occurred with any bituminous 
coal below about 300° ; as recorded in our previous paper, for 
example, Wigan Six Foot coal first began to decompose rapidly 
over the range 315 — ^320°. 

The characteristic products of this extensive decomposition 
during its early stages are, with all coals, water, phenolic oils (yielded 
exclusively by the ulmin constituents of the coals, see J., 1915, 
107, 1318), and gaseous paraffins. Prolonged heating of a coal just 
below its decomposition point yields only small quantities of these 
characteristic products, whilst prolonged heating just above it 
yields greatly enhanced quantities. This is well illustrated by the 
results recorded in Table I, With the Wigan Six Foot coal, parallel 
distillations were carried out at 300° and 320° during 120 hours 
(the “ standard ” period of heating) and at 310° and 326° during 
760 hours. 

In Table I, the italicised figures in particular relate to the 
aotive-decompofiition point. The high yields of oils on prolonged 
heatmg at 310°— higher yields than during the standard ” distfl- 
lation at ^0° — require explanation. For the most part, these are 
not produote of decomposition of the main mass of the coal, but, 
as wifi be d^mastmted in another communication, are derived 
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Table I. 

The Active Decomposition of Wigan Six Foot Coal, Gaseous 
and Liquid Products, 

(Gaseous products in c.c. per 100 g. Liquid products as percentages on the 
ash-free, dry coal.) 

At 300% At 310% At 320% At 325% 
120 hrs. 750 hrs. 120 hrs. 750 hrs. 


Total gas 178 270 602 lUO 

Carbon- dioxide 66 04 134 190 

Higher olefins 3'5 20 38 90 

Ethylene 2-4 3-3 14-7 — 

Carbon monoxide 14 35 40 — 

Paraffine SB 126 363 ca. 750 

Patio CIA for paraffine 1-05 P16 1'51 — 

Water of decomposition 0*29 0‘3o 0-79 1'52 

Total light oHs 0-35 0*93 0-57 1-13 

Total heavy oils 1'35 3*80 3*24 6*50 

Phenolic oUs — 0'26 0-37 0‘95 

Saturated hydrocarbons 0*70 0*80 0*99 1*20 


TJnsaturated hydrocarbons 0-46 1*56 1*50 2*57 

Oils soluble in ether and chloroform 0*13 0-57 0*17 1*30 

from organised plant entities (mainly spore exines and cuticles), of 
which the Wigan Six Foot coal (mainly a clarain) contained about 
4%. Such, in particular, are the unsaturated hydrocarbons. The 
soluble in ether and chloroform were derived from resins, which 
b^an to decompose slowly at 310®, whereas during the “ standard ” 
distillations they began to distil (with partial decomposition) at 
325—330®. 

The soMd residues remaining after the distillation of coals at 
difiEerent temperatures undergo marked changes in character when 
the active-decomposition point has been passed. The principal 
changes in the residues are summarised in Table H, the Wigan 
Six Foot coal again being taken as an example. 

Table n. 

The Active Decomposition of Wigan Six Foot Goal, Solid 
Products. 

Sol. in CHCI3. 

Sol. in C 5 H 5 N. Iinsol. in light Beactivity 
Insol. in petroleum with 
CHCls. and EtsO. oxygen Behaviour 

{% on ash-free, dry coal.) (c.e. per g.). on coking. 


Original coal 12-34 3-14 IM SwoUen 

Besidue at 250° 8-79 1*93 — Less swollen 

Besidue at 280° 8*12 1-67 7*4 Shnmken 

ISesidue at 300° 8*26 1*61 6-4 Shrunhmi > 

Besidue at 320° 10*08 2-95 7-0 MuchawsMT^ 

Besidue at 350° 5*73 1-02 6-4 Ihooh^^^ 


The material “ soluble in pyridine but insoluble in chl< 
(termed ^-compounds in the oiiginal coal, and regarded 
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compounds that are dispersed rather than dissolved by pyridine) 
decreases in quantity in the residues obtained at temperatures 
below the decomposition point, but suddenly increases when that 
point has been passed. Similar remarks apply to the material 
soluble in chloroform but insoluble m light petroleum and ethyl 
ether. This material (termed and y 4 -compounds in the original 
coal) behaves in some respects like tiie resins (see Cockram and 
Wheeler, J,, 1927, 700), but in others, as this, like the ulmins. 
Simultaneously, therefore, with a marked evolution of gases and 
liquids, such as are known to be yielded on the break-down of the 
ulmin molecules, there is a mark^ change in the behaviour of the 
residues towards solvents, suggestive of a more comprehensive 
disruption than that of external groupings from the molecules. 
At lower temperatures, external groupings may be split ofE from the 
ulmin molecules, yielding water and the oxides of carbon (particularly 
from a partially oxidised coal), and causing a gradual decrease in 
reactivity. 

Similarly, as the temperature of distillation was raised, the 
reactivity of the residues with oxygen gradually decreased, to increase 
suddenly as soon as the point of marked decomposition had been 
passed. The reactivity measurements recorded in Table II (made 
for us by Dr. A. L. Godbert) are expressed in terms of the volume 
of oxygen combining with the material at 150® under standard 
experimental conditions. They confirm observations, made by 
Graham and Coles {Fuel, 1928, 7, 21), that the rate of oxidation of 
certain coals was considerably increased by preheating them in a 
vacuum at “critical’’ temperatures, between 300® and 400®, 
dependent on the character of the coals. These critical temperatures 
were, we conclude, the active-decomposition points of the coals. 
The compounds responsible for the reactivity of coal with oxygen 
have been shown by Erancis and Wheeler {Safety in Mines Research 
Board Paper No. 28, 1926) to be the ulmin compounds. 

Einally, the results of coking tests, carried out by heating in 
small crucibles at 900®, during 7| minutes, 2-g. samples of the 
coals and residues from the distillations at different temperatures, 
revealed a marked change in this characteristic property of coal by 
preheating at the decomposition point, the coke produced from that 
residue being considerably more swollen than the coke from the 
origmal coal. 

Such fundamental changes in the properties of the coal on being 
heated at a given temperature clearly mark the beginning of exten- 
sive molecular disruption. Francis and Wheeler (toe. cit,) conclude 
&om their work that the nuclei of the ulmin molecules are compact 
systems of six-membered annular groupings connected together by 
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heterocyclic stnictiires such as pyrrole and furan. Compounds 
haping such structures might be expected to yield alkylised phenolic 
compounds and complex hydroaromatio hydrocarbons on decom- 
position (see Schrauth, Brennstojf-Chem,, 1923, 4, 161). Such 
compounds have, in fact, been found to be characteristic decom- 
position products of the coal ulmins. 


The Decomposition Points of Different Goals, 

The active-decomposition points of a number of different coals, 
with data regarding the characteristic products of decomposition 
of most of them, have been determined. The results are summarised 
in Table HI. 

Table m. 


Active-decomposition Points of Coals, 


Description of coal. 

Seven Foot (Kingsbury) 

fThiek Seam, Brazills (Hamstead) 

{Ditto 

fBarnsley (Brodsworth) 

{Ditto 

Wigan Six Foot (Maypole) 

Parkgate (Cadeby) 

Silkstone (Kockmgbaxn) 

Six-Quarter (Haig) 

Busty (Tudhoe) 

Black "(rein (Celynm)?. 

Two Foot Nine (Femdale No. 7) . 


Water of Phenols 


Carbon 

con- 

Decomp. 

decomp., 
% (up 
to 400°). 

and acid 

% («p 
to W) 

tent.* 

point. 

77-0 

290—300^ 

— 

— 

7S*3 

295—300 

5*97 

2*23 

80*9 

(300) 

5*40 

1*36 

81-2 

305—310 

4*07 

0*91 

82-7 

(310) 

4*08 

0*85 

82*8 

315—320 

4*09 

1*94 

83*4 

325—330 

— 

— 

83-7 

325—330 

1*82 

0*83 

86*6 

320— 325 

2*29 

1*06 

87-4 

335—340 

— 

— 

88*4 

340—345 

— 

— 

88*5 

340—345 

1*61 

0*56 

89*8 

360—365 

0*81 

0*06 


* Calculated on the “ pure coal basis; see Table IV. 
t Vitiain portion. { Durain portion. 


In the descriptions of the coals, the name of the seam is given 
first, with the name of the colliery or pit at which the seam was 
worked in parentheses. All the coals except those specified were 
clarains. With the two durains, the decomposition point could 
not be determined precisely, since there was incipient decomposition 
of a minor ingredient of the coal at a lower temperature. It will 
be seen that, in general, the decomposition point increased with the 
carbon content of the coal, a result to be expected if the decomposi- 
tion is that of the ulmin constituents. There is a general tendency 
for the yields of water and phenolic compounds (expressed in 
Table m as percentages on the ash-free, dry coals) to be greater 
from the coals of lower carbon content. The yields of 
carbon above the decomposition point were also greater 
coals of lower carbon content. 

In a paper entitled ‘‘The Primary Decomposition of 
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The Temperature of Initial Decomposition,” King and WUlgress 
(Dep/. Sci. Ind. Bes,, Fud Bes. Tech, Paper No. 16, 1927) record 
results for three bituminous coals showing that, when they were 
heated in a stream of nitrogen, traces of oils were carried over at 
lower temperatures from the coals of higher carbon content, as 
follows: C, 74-5%, first appearance of oil at 245®; C, 83-87%, 
230® ; C, 85-43%, 215®. They say : With bituminous coals the 
temperature of initial decomposition appears to increase with 
increasing osygen content and decreasing carbon content.” We 
are satisfied that the temperature at which oils first make their 
appearance when a bituminous coal is heated is not the temperature 
of initial decomposition of the coal, but that such oils are distilled 
unchanged. In our experience, the temperature at which such oils 


Table JY. 

Proximate and Ultimate Analyses. 

Proximate analysis. 


Coal, 

Seven Foot 

Thick Seam, vitrain 
Thick Seam, dxirain 
Barnsley, vitrain ... 
Bamslev, dnraan ... 
Wigan Six Foot . . . 

Parkgate 

SOkstone 

Six^Quarter 

Busty (Tudhoe) ... 
Busly (Beamish 



Black Vein 

Two Foot Nine 


Coal. 

Seven Foot 

Thick Seam, vitrain 
Thick Seam, durain 
Baxnslej, vitrain ... 
Bamsl^, dtiram ... 
Wigan Six Foot ... 

Parii^ate 

Silkstone 

Six-Quarter 

Busty (Tudhoe) ... 

Black Vein 

Two Foot Nine 


Volatile Ultimate analysis, % on “ pure 
Mois- matter, coal ** b^is. 


tuxe. 

Ash, 

%» ash- 

^ 


— — 


^ 

%* 

%• 

free, dry. 

C. 

H. 

N. 

S.* 

O. 

5-5 

8-7 

41-9 

77-0 

5-55 

1-19 

1-00 

16-26 

134 

1-3 

37-5 

78-3 

6-15 

1-02 

1-01 

14-52 

64 

60 

35-1 

80-9 

4-71 

1-08 

0-97 

12-34 

64 

1-3 

33-0 

81-2 

5-31 

1-34 

1-03 

11-12 

3*5 

4-0 

36-1 

82-7 

5*23 

1-42 

1-06 

9-59 

1-7 

2-7 

37-6 

82-5 

5-55 

1-53 

0-90 

9-52 

2-7 

34 

36-1 

83-4 

5-13 

(Not determined) 

1-2 

1-5 

34-1 

83-6 

5-38 

1-82 

1-43 

7-77 

14 

12-2 

37-0 

86-6 

5-08 

1-61 

0-39 

6-32 

0-6 

6-3 

27-7 

87-4 

4-72 

0-89 

1-04 

5-96 

0-8 

7-9 

28-7 

88-3 

5-27 

1-58 

0-57 

4-28 

0*9 

6-8 

30-8 

88-5 

5-02 

1-53 

0-83 

4-12 

0-6 

5-6 

16-7 

89-8 

4-18 

1-39 

0-88 

3-75 


Organic sulphur. 


Bational Analyses^ %. 


Hydro- 
carbons 
and resins. 

Organised 

i^ant 

entities. 

Ulmins. 

Keactivity 
index for 
ulmins. 

— 

2-8 

— 

76 

3-2 

Nil 

96-S 

74 

3-5 

7-8 

88-7 

72 

3-4 

Nil 

96-6 

65 

2-7 

20-7 

76-6 

62 

3-0 

4-1 

92-9 

50 

4-8 

2-0 

93-2 

61 

3-6 

4-0 

92-4 

52 

4-0 

7-2 

88-8 

55 

4-3 

7-4 

88-3 

45 

— 

6-6 

— 

39 

Trace 

12-0 

88-0 

16 
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first appear bears no direct relation to the carbon content of the 
coal. It has, however, a tendency to be lower the greater the 
proportion of free hydrocarbons in the coal. Some decomposition 
of part of the coal substance undoubtedly occurs at a lower temper- 
ature than that specified as the “ active-decomposition point.” 
As already stated, the external groupings of the ulmin compounds 
may yield water and oxides of carbon in small amount at quite low 
temperatures (from about 150° upwards), whilst other parts of the 
coal conglomerate, such as the resins, spore exines, and cuticles, 
yield oils slowly at about 300°. Such decompositions do not 
materially affect the character of the coal, a loss of reactivity of the 
compounds being the most noticeable result. Marked 
changes of character only begin when the breakdown of the nuclear 
structure of the ulmin compounds begins. 

Proximate, ultimate, and rational analyses of the coals referred 
to in this paper are given in Table IV. For the ultimate analyses, 
the usual calculations on an ash-free, dry ” basis have not been 
made ; instead, allowance has been made for the fact that the mineral 
matter contained in a coal differs in composition and amount from 
the ash it yields on incineration. For the rational analyses, the 
methods described by Francis and Wheeler (this voL, p. 2967) were 
used. 

IfOTE. — Through an error in transcription, the figures in the 
first column of Table HE of our previous paper (Zoc. ciL, p. 2676) 
were wrongly given. They should read: 81*64, 86*5, 86*1, 85*4, 
79*0, 77*5. 

The work described in this paper forms part of a research on the 
constitution of coal which we are carrying out for the Safety in 
Mines Research Board, to whom our thanks are due for permission 
to publish the results. 

Safety in Mines Beseabck Labobatobies, 

SHsmELD. Ifieceived, October 23rcZ, 1928.] 


CCCCXXV. — Exflosi&ns in Closed Cylinders. Part I. 
MeiJume-Air Explosions in a Long Cylinder. 
Part II. The Effect of the Lengffi of the Cylinder. 


By WnjJAM Astbosy TCtottr v aad Eiohasd Yskkob' 
Wheelee. 

The object of this research is the correlation of the mov; 
flame with the development of pressure during expl'" 
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conditions which may be presnmed to cause the movement of flame 
to differ considerably from that in a cylinder, the length and diameter 
of which are nearly equal, or in a sphere or cube, as in the eaperi- 
ments of Ellis and Wheeler (J., 1925, 127, 764; 1927, 153). 

Similar work has been carried out by Woodbury, Lewis, and 
Canby (J. Soc. Automotive Eng.^ 1921, 8, 209) with acetylene-air 
mixtures in a vertical cylinder 30*5 cm. long and 10*15 cm. in 
diameter. The mixtures were ignited at the base of the cylinder 
and simultaneous records were taken of the development of pressure 
and the movement of the flame as photographed through a window 
formed by a ^ass rod extending throughout the length of the 
cylinder. Erom the recmrds it would appear that in each explosion 
the time of attainment of maximum pressure comcided with that 

Fig. 1. 

Exploaion-cgltThdcr and pressure gauge. 

0 N 



of the passage of flame through the mixture, whilst the time- 
pressure curves indicated arrests in the development of pressure 
simultaneous with arrests in the movement of the flame. 

Morgan {Proc. Inst. AuU>. Enq,^ 1925, 15, 27 ; PMl. Mag.^ 1927, 
3, 1161) studied the development of pressure during explosions of 
coal-gas-air and methane-air mixtures in horizontal cylinders 
4*45 cm. in diameter and either 30*5 or 61 cm. long, ignition being 
at one end. This work will he discussed more particularly in 
Part n, but the important point noted was the occurrence, under 
certain conditions, of strong and rapid vibrations at the cr^ts of the 
time-pressure curves. 

of Experiment . — ^The gun-metal cylinder (supported 
horizontally) is 200 cm. long and of 10 cm. internal diameter, its 
capacity' being about 16 litres. Eig. la shows its two ends in cross- 
section and a side view of a portion of its length. At one end is an 
ignition plug, A, caifrying platinum electrodes, B, projecting 1 cm. 
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into the cylinder and forming a spark-gap of 4 mm. The other 
end carries on a boss, C, a pressure recorder, shown in detail at 
Fig, 16. The sleeve, D, of hardened steel, is screwed into the end 
of the cylinder, and the hollow piston, E, also of hardened steel, 
moves freely in it, being prevented from entering the cylinder by a 
thin collar. The movements of the piston under pressure developed 
by an explosion within the cylinder are transmitted to the apex of a 
strong triangular spring of tempered steel, F, by a loose steel link. 
The spring is clamped at its base, G, and its apex carries a thin strip 
of steel, K, with a scribing style, the movement of which is traced 
on a smoked-paper chart on a revolving drum mounted at L. At 
intervals of 20 cm. along the cylinder are plug fittings, one of which 
is shown at M (Fig. la), and another in cross-section at if, which are 
normally used for the insertion of circular windows of quartz, 6*3 
mm. in diameter, through which the fiame of an explosion as it 
passes can be photographed. For such photographs a camera with 
a quartz lens is used, with a revolving drum on which “Lumiere ” 
sensitised paper is wrapped. The plug fittings also serve on occasion 
for the introduction of screen- wires, whereby the passage of fiame 
can be recorded electrically, or for firing-plugs, when it is desired to 
ignite the mixture otherwise than at the end of the cylinder. 
Valves at 0 and P allow of the evacuation of the cylinder and the 
admission of the explosive mixture. 

In carrying out an experiment, the cylinder was filled with the 
required mixture, prepared beforehand in a gas-holder over glycerol 
and water. Ignition was effected by a single secondary discharge 
from an 8-inch induction coil, produced by breaking a current of 
5 amps, in the primary circuit. The moment of ignition was 
recorded on both the pressure chart and the photographic paper, 
the speeds of revolution of both drums being obtained by means of 
a tuning fork of 60 frequency. 


Results of Experiments. 

A . Ignition at One End of the Cylinder. — ^When ignition was at one 
end of the cylinder, the time taken for the flame to travel throughout 
its length, in all the mixtures of methane and air studied, corre- 
sponded with the time of attainment of maximum pressure recorded 
by a manometer at the far end. The time at which the flame 
reached the far end of the cylinder was recorded either (a) by the 
fusion of a fine screen-wire of copper or (6) photographically 
window 1*0 cm. from the end). The results are given in Tfi 
The speed of flame. The mean speed of propagation 
over the 200-cm. length of the cylinder was for all : 
siderably faster than the mean speed from the centre to 1 
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TABIiB I. 

Ea^hsiona of Me^am-Avr Mixtures in a Cylinder. 
(Ignition at one end.) 


Time of travel of fiame (sec.). 



Time of maximum 



Methane, 

pressure (sec.). 

By method (a). 

By method (6), 

7-15 

1-57 


1-58 

8-30 

0-76 


0-76 

8-40 

0-67 

0-67 

— 

S-7S 

0*66 

0-66 


9-30 

_ 

0-58 

0-55 

9-50 

0-55 

0-55 

— 

9-75 

0-55 

0-55 

— 

9-80 

0-56 

— 

0-56 

9-90 

0-57 

0-57 

— 

9-95 

0-49 

— 

0-49 

10-00 

0-52 

0-53 

— 

10-25 

0-60 

0-60 

0-60 

10-90 

0-63 

0-62 

— 

11-30 

0*89 

— 

0-89 

13-45 

2-50 

2-53 



a sphere of 15-6 cm. radius (Wheeler, J., 1918,113, 840) ; thus, for a 
9-8% mixture the mean speed was 410 cm. per sec. as compared with 
144 cm. per sec. for the sphere. In a sphere, with central ignition, 
the flame moves at a nearly uniform speed until it approaches the 
walls. In a long cylinder, on the other hand, the progress of the 
flame is by no means uniform, and measurements of the mean speed 
over the whole distance have little significance. This is illustrated 
by the photographic analysis of the movement of flame in a 9-7% 
methane-air mixture reproduced at (1) on Plate I (much reduced in 


Prom the times at which the flame first appeared at each window, 
fche mean speed over each successive length of 20 cm. can be cal- 
culated. Calculations for mixtures containing 9-6 and 10% of 
methane are recorded in Table n. 


Table n. 


Speed of Flame in a L<mg Cylinder. 


Distance 

Speed (cm. per see.). 

Distance 

Speed (cm. per sec.). 

.1 

(cm.). 

9-6% CH*. 

10-0% CH*. 

(cm.). 

9-6% CH4. 

10-0% CH*. 

0—20 

800 

1000 

100—120 

300 

333 

20—40 

2000 

2000 

120—140 

210 

281 

40— 60 

1165 

1000 

140—160 

196 

181 

60— 80 

715 

500 

160—180 

181 

162 

80—100 

345 

317 

180—200 

500 

385 


These resultSy which are typical of the most explosive mixtures of 
ne&ane and air, show that at the outset the flame darts forward at 
% rapidly Inereasing speed. A retardation then occurs, and becomes 





•(8pM039ff) 


ITo /6«ff p. ssoe.] 


Explosion of a 9*7% niethan^-air mixture. Similar explosion /o (1), sJiomng deto 

Flame at wwidowa alomj 200-cw. cylinder, of flame at windows 6 to 9. 
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most marked by the time the flame has travelled about one-third of 
the length of the cylinder, A comparatively slow speed is then 
maintained until within 20 cm. of the end of the cylinder, where- 
upon the flame moves forward more rapidly. The majority of the 
photographs show that the flame assumes a vibratory character at 
the end of its travel. In some photographs, vibrations also appear 
after the flame has travelled half-way along the cylinder. For 
mixtures containing from 9*6 — 10*0% of methane, the frequency of 
the later vibrations, which are always strongly marked (see 2, 
Plate I), is about 200. When vibrations occur midway along the 
cylinder, their frequency is about 115. 

The developmeTii of pressure. In a spherical vessel with central 
ignition, the flame in mixtures of methane and air containing 
between 7 and 11% of methane reaches the wall simultaneously at 
all points, so that the whole of the mixture is inflamed before any 
appreciable cooling can take place. In a long cylinder, on the other 
hand, with ignition at one end, part of the flame touches the walls 
long before propagation is complete, and cooling of products of 
combustion begins at an early stage. The rate of development of 
pressure can therefore be expected to be slower than in a sphere, and 
the maximum pressure to be lower. In Table III the maximum 
pressures (above atmospheric) recorded for a number of mixtures of 
methane and air (a) in a 16-litre sphere (with central ignition) and (6) 
in the cylinder (capacity about 16 litres) are compared. 

Table HE. 

Maximum Pressure on Eaplosion of Mixtures of Methane arid 
Air in (a) a Sphere and (b) a Cylinder. 

Masunmn pressure, atms. Maximum pressure, atms. 


CH4, %. 

(a). 

(5). 

CH4, %. 

(a). 

(&). 

6-05 

2-86 

1-70 

10-30 



3-87 

6-85 

4-35 

2-04 

10-80 

6-80 

3*54 

7-80 

6*85 

2-72 

11-90 

6-40 

2-72 

8-80 

6-66 

3-74 

12-80 

6-78 

2-24 

9-80 

6-94 

4-00 





The time-pressure records were of two types, dependent on the 
composition of the mixture. If the mixture contained less than 8 
or more than 11% of methane, smooth curves of the type reproduced 
at A, Fig. 2 were obtained. With 8 — 11% of methane, the curves 
showed marked vibrations at their crests (see B, Fig. 2). Thesf 
vibrations had the same frequency, about 200, as those 
flame as it reached the end of the cylinder. Indeed, the 
ment of pressure throughout corr^ponded closely with 
ment of the flame, as the time-pressure and time-dist^p^ 



3208 


KIRKBY WHBBLJSB ; 


reproduced in Kg. 3 illustrate. Both curves relate to a 10% 
methane-air mixture, the former showing the development of 
pressure up to the time of its maximum, and the latter the time of 
passage of the flame from end to end of the cylinder. 

Correlation of Flame-movement with Pressure^devehpment 

When comparing the time-pressure and the time-distance curve 
in Kg. 3, it must be remembered that the latter was obtained from 
records of the passage of flame at small windows 20 cm. apart. 
Between any two windows, fluctuations in the movement of the 
flame may have occurred of which no record was obtained. Never- 
theless, the two curves correspond closely in character and exhibit 
the following features. 

Fig. 2. 

Typical time^esaure curves. 

; A-M 2 tihane 7-2%. 



TiJne, seconds. 


{a) A rapid rise in pressure, shortly after ignition, corresponding 
with a rapid movement of flame over the first 20 or 30 cm. Iharing 
this stage, there is but little cooling of the products of combustion, 
since the flame moves rapidly along the axis of the cylinder and hut 
a small part of its surface comes in contact with the walls (see Part 
m, following paper). 

(6) An arrest in pressure-development, corresponding with 
an airest in flame-movement. At this point the “ skirt ” of the 
flame (see Part IH) comes in contact with the walls of the cylinder. 
Pollowing this arrest, both the movement of the flame and the 
development of pressure are comparatively slow over a distance of 
about 150 cm. 

(c) A rapid rise in pressure to a maximum as the flame moves 
rapidly towards the end of the cylinder. Eapid vibrations (omitted 
from Kg. 3) are diown by both the pressure curves and the flame 
photographs. 

(d) At smy moment before the flame has travelled throughout 
the mixture, the fraction of the total distance travelled is greater 
than the £r£M3ti<m of the total pressure development. Hence the 
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Same surface, so long as it is not vibratory, must be advanced along 
the axis of the cylinder, tailing off towards the walls. 

B, Position of Point of Ignition varied— A series of experi- 
ments was made, with mixtures containing between 9*5 and 9*8% 
of methane, in which the position of the point of igmtion was varied. 
To effect this, the ignition plug was removed from the end of the 
cylinder and screwed into one or other of the window holes disposed 
along its length, the electrode points, 4 mm. apart, being carried to 
the horizontal axis of the cylinder. 

Measurements were made of the times taken for the ffames to 
reach each end of the cylinder, of the maximum pressure recorded 
by a gauge fixed at the end nearer the point of igmtion, and of the 


Pig. 3. 

Comparison of iime-^essure and 
time-distanjce curves. 


Pig. 4. 

PoitU of ignition varied. 



time of attainment of this maximum pressure (“ time of explosion ’*). 
The results are summarised in Table IV, in which the end of the 
cylinder to which the pressure gauge was attached is termed A, and 
the other end B. 

In each experiment the maximum pressure was recorded at the 
moment when flame had reached the end of the longer limb of the 
cylinder. Unless there was considerable disparity in length between 
the two limbs, there was a marked tendency for the flames travelling 
to right and left from the point of ignition to reach the ends of the 
cylinder simultaneously, and the attainment of maximum pressure 
could then be said, in general, to synchronise with the complete 
inflammation of the mixture. 

When igmtion was effected at a distance of about 40 om*:i 
from one end of the cylinder, the flame reached the near end,f| 
extinguished with consequent rapid cooling of the productB^r^ii^ 
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Table IV. 

Explosions of Methane-Air Mixtures in a Cylinder. 
(Position of point of ignition varied.) 


Point of 
ignition. 

At end A, 

CH^, O/i 
r 9-50 
9-75 
t 9-90 

Time (see.) for dame 
to travel horn point 
of ignition to 

End A. End B. 

Max. press. Time of 

(atm. ; above explosion ’’ 
atmospheric}. (sec.). 
4-07 0-52 

4-35 0-4$ 

4-28 0-60 

20 Cm. from A. j 

r 9*55 

L 9-40 

0-18 

0*41 

0*41 

4*07 

0-41 

40 Cfm. from A.*j 

r 9-40 

L 9-60 

0-25 

0*38 

0*44 

3-81 

0-44 

60 Cm. from A.* 

f 9-30 
9-40 
[ 9-60 

0-27 

0-30 

0-34 

0-35 

0*27 

5-44 

0*26 

80 Cm. from A.-j 

r 9-60 

L 9-85 

0-21 

0-21 

5-88 

0-19 

100 Cm. from A J 
(t.e., midway). 1 

r 9*60 
9-50 
[ 9-55 

0-18 

0*19 

0*24 

0*85— 6-12* 

5-72-~6*98* 

0-18 

0-24 


Measurements imcertain owing to vibrations. 


bustion, some time before it reached the far end. For this reason 
the maximum pressure attained was less than when ignition was at 
the middle. For the same reason, the maximum pressure increased 
in magnitude as the point of ignition was moved towards the middle 
of the cylinder, whilst the interval between ignition and the attain- 
ment of maximum pressure decreased. The maximum pressure 
recorded when ignition was at the middle of the cylinder was higher 
than when ignition was at one end . The three curves reproduced in 
Kg. 4 represent the rate of rise of pressure when ignition was at a 
point 20, 40, or 60 cm. from one end of the cylinder. 

<7. Igniiim at Two PoirUs , — A series of experiments 

was made in which methane-air mixtures containing between 9 and 
10% of methane were ignited at some point along the cylinder and 
at oneend simultaneously, a pressure gauge being fixed at the opposite 
end. The object was to determine whether a higher pressure would 
be attained than that recorded when i^tion was solely at the middle 
of the cylinder. The results are summarised in Table V. 

T^ical time-pressure curves are reproduced in Kg. 5, and 
from curves A, B, and C it will be seen that the rate of rise of pressure 
to the maximum became more rapid as the second ignition point 
was moved nearer to the middle of the cylinder (100 cm. from end 
A). The initial rate of development was lien more rapid than with 
single ignition in any position. When the second ignition point 
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Table V. 

Explosions of MetTutne-Air Mixtures in a Cylinder. 
(Simultaneous ignition at one end and at some point along the cylinder. 


OH 4 , 0 /^. 

Position of second 
ignition plug (cm. 
from end plug). 

Max. pressure 
(atms.; above 
atmospheric}. 

“ Time of 
explosion 
(sec.). 

9-75 

(Ignition at one end only) 

4*35 

0*48 

9-80 

20 

3*33 

0*52 

9*80 

60 

3*98 

0*37— 0-39* 

9*80 

100 

4*80 

0*24^*33* 

9*80 

140 

4*70 

0*29 

9*45 

180 

4-66 

0*33— 0*38* 

9*75 

200 

4*66 

0*34 


* Period of sustained pressure. 


was 20 cm, from end A (curve A), there was a long period during 
which the rate of development of pressure was very slow, and the 
pressure ultimately attained 
was considerably lower than 
when ignition was solely at one 
end of the cylinder. The maxi- 
mum pressure with double 
ignition was obtained when 
ignition was at one end and at 
the middle of the cylinder, but 
this pressure was lower than 
when ignition was at the middle 
of the cylinder only. 

The important factor with 
respect to the production of 
pressure on explosion of a given 
mixture in a long cylinder is the 
time taken for the flame to travel throughout the mixture. When 
the mixture is ignited simultaneously at two points, the movement of 
one flame affects the movement of the other, hindering its develop 
ment (see Part III). It thus results that the inflammation takes 
longer to complete when two flames are started simultaneously 
within the cylinder than when flame spreads from one point along 
the cylinder only. The three time-pressure curves (B, C, and E in 
Pig. 5) for explosions started simultaneously at one end of the 
cylinder and at 60, 100, or 180 cm. from that end, illustrate th©^ 
retardation of the fliames moving towards each other, for the 
of maximum pressure is prolonged to a remarkable exten^^Mp 
to 0-09 sec.) corresponding with the slow approach of the 


Fia. 5. 

Dual ignition {distances are those of 
second ignition plug from end plug). 
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Part II. The Effect of the Leiigth of the Cylinder. 

With a 200-cm. cylinder (10 cm. in diameter), it has been shoTm 
that in all explosions of methane-^ir mixtures containing 8 — 11% 
of methane, ignition being at one end of the cylinder, the flames 
became strongly vibratory towards the end of their travel. In 
earlier experiments with a cylinder of the same diameter but only 
50 cm. long, no such vibrations were observed during the explosion 
of any mixture of methane and air. This accords with observations 
by Morgan to which reference was made in Part I. An explosion of 
coal-gas and air in a steel tube 4-45 cm. in diameter and 61 cm. 
long (ignition bemg at one end) was strongly vibratory, whereas an 
explosion of the same mixture in a similar tube of half the length 
showed no vibrations. Morgan considered the vibrations to be due 
to two interdependent factors — ^the rate of heat generation at the 
flame front and the vibration frequency of the gas space in the 
explosion vessel. 

In order to study this matter more closely, by determining the 
limit at which an explosion becomes vibratory, arrangements were 
made for altering the length of our cylinder at will, by means of a 
piston that could slide within the cylinder and be looked in any 
position, the piston-head forming a pressure-tight end-plate. The 
ignition plug was at the centre of the piston-head, and the pressure 
gauge at the other end of the cylinder. On exploding mixtures of 
methane and air containing about 9-5% of methane, records were 
obtained of the maximum pressure developed (P, in atms.), the 
time of attainment of maximum pressure (Tm), and the time (Tf) 
taken for the flame to travel throughout the cylinder, the len^h 
(Z) of which was varied between 2-5 and 200 cm. Some of the resists 
are recorded in Table VI. 


Table VI. 


Explosions of a 9-5% Methane-Air Mixture in Cylinders of 
Different Lengths (10 cm. diam,). 


2, cm. 

F. 

Fms sec. 

T/p sec. 

2, cm. 

P. 

Pm, sec. 

Tfp sec 

2-6 

6-8 

0-035 

0-009 

70 

4-9 

0-27 

0-22 

3-5 

6-1 

0-037 

0-016 

80 

4-7 

0-31 

0-26 

5 

6-9 

0-047 

— 

100 

4-6 

0-34 

0-30 

6 

6-3 

0-043 

0-024 

120 

4-3 

0-38 

— 

10 

6-3 

0-07 

0-04 

140 

4-1 

0-46 

0-44 

20 

5-9 

0-11 

0-08 

160 

3-8 

0-48 

0-47 

30 

5-8 

0-15 

— 

165 

3-7 

0-50 

0-49 

40 

5-5 

0-18 

— 

170 

3-7 

0-48 

0-48 

50 

5-5 

0-20 

— 

180 

4-0 

0-49 

— 

eo 

5-3 

0-24 

0-20 

200 

4-0 

0-65 



The critical length of cylinder for the production of a vibratory 
explosion with a ^-5% methane-air mixture was 140 cm. With 
shorter lengths, the movement of flame and the rate of production 
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of pressure were regular, the time-pressure records being charac- 
terised by a steady period of maximum pressure lasting from 0*006 
sec. for a cylinder 3*5 cm. long to 0*03 sec. when the length was 120 
cm. All such explosions were quite silent. When the cylinder 
was 140 cm. long, or longer, rapid vibrations were usually developed 
by the flames towards the end of their travel, and, synchronising 
with these vibrations, the time-pressure records (e.g^., B, Fig. 2) 
showed fluctuations at their crests. All such explosions were accom- 
panied by a shrill screech. 

When the explosion was vibratory, the time of attainment of 
maximum pressure (“ time of explosion ”), which always corre- 
sponded closely with the time taken for the flame front to travel 
throughout the cylinder, varied as between one experiment and 
another, performed under what were intended to be identical 
conditions, within fairly wide limits. For example, when the 
cylinder was 160 cm. long, the time of explosion was 0-466, 0*596, 
0'665, and 0*483 sec. in successive experiments. It would seem 
that the moment at which vibrations were induced (and the subse- 
quent course of the explosion thereby determined) was affected by 
slight inadvertent changes in the experimental conditions such, 
as the condition of the inner walls of the explosion vessel. 
Similarly, a slight intentional change in the experimental conditions 
would transform a silent explosion into a noisy and vibratory one. 
A 6-85% methaneh-air mixture, initially at atmospheric pressure, 
exploded in the 200-cm- cylmder (ignition being at one end), was 
always silent and non-vibratory (time of explosion, 1*56 sec.), but 
when the initial pressure was increased to 3*6 atm. (absolute) the 
explosion was vibratory (time of explosion, 1*95 sec.). Similar 
results for pentane-air mixtures have been recorded by Maxwell 
and Wheeler (J. Iiist. Pet, Tech.^ 1928, 14, 175). 

The vibrations that occnr, following the “ uniform movement,” 
when an explosive mixture is ignited at the open end of a long tube 
closed at the other end, have been shown by Mason and Wheeler 
(J., 1920, 117, 36) to be due to resonance in the column of gases 
ahead of the flame, their frequency correspondmg with that of the 
fundamental tone of the tube. The same explanation can apply to 
these closed-tube vibratory explosions, although on what the 
establishment of resonance depends is not clear. Morgan’s {he, 
cit) suggestion, which appears to be accepted by Egerton and Gates 
{Proc, Boy, Soc,y 1927, A, 116, 524), that the rate of heat generatioiy 
at the flame front is the main factor involved, receives suT ^jj^ 
from the fact that in a cylinder 120 cm. long the expIosion^MK. 
6*75% ethane-air mixture (time of explosicii, 0^215 sec.) is ^ 

whereas that of a 9-5% methane-air mixture (time of 



3214 EXPLOSIONS IN CLOSED CYLINDBES. PARTS I AND H. 


0-386 sec.) is not. On the other hand, some of MaxweE and 
Wheeler’s (Zoc. cit.) results are at variance Trith this suggestion, for 
they found that, under the same conditions of experiment, the 
explosion of a 3*5% pentane-air mixture (time of explosion, 0-19 
sec.) was vibratory, whereas that of a 2-95% benzene-air mixture 
(time of e^losion, 0-17 sec.) was not. It would seem reasonable 
to believe that with a given explosive mixture, say a 9*5% methane- 
air mixture, the establishment of resonance in the column of gases 
ahead of the flame would depend, cdi&ris paribus, upon the rapidity 
with which the column was compressed. Thus it would depend 
upon the speed acquired by the flame front, which in turn would 
depend on the length of the cylinder. When explosions of different 
gases under the same conditions are compared, however, this 
explanation is insufficient. We beheve the character of the re- 
actions taking place behind the flame front to have an important 
bearing on the matter; we are now investigating this subject. 

The relationship between the time of explosion and the length of 
the cylinder (for 9*5% methane-^ir mixtures) is shown in Table VI. 
There was close correspondence between the time of explosion and 
the time of passage of flame when the explosions were vibratory, 
i.c,, when the cylinder was 140 cm, long or longer. In the shorter 
eylinders, the flame front, travelling without vibrations, apparently 
reached the end before the attainment of maximum pressure. This 
is expEcable by reason of the shape of the flame front which, when 
travelling in a horizontal tube, is inclined, the upper portion being in 
advance. After the flame has appeared at a window at the end of the 
horizontal axis, it stEl has to travel into the lower portion of the tube. 

The time of explosion does not increase proportionally with the 
length of the cylinder, as it would if the mean speed of the flame 
were constant, but is less by so much as the mean sj^ed of the flame 
is greater in the longer eylinders. This greater speed is due to the 
greater freedom of movement, at the outset of the explosion, of the 
unbumt gas ahead of the flame in the longer cylinders (see Part lU}, 
the conditions during the early stages of the spread of flame 
approximating more and more to those of constant pressure as the 
length of the cyhnder is increased. 

We wish to thank Mr. W. A. Batley, M.Sc., of the Department 
of Fuel Technology of Sheffield University, for considerable help 
with the experiments described in this paper. This work has been 
carried out for the Safety in Mines Kesearch Board, to whom our 
thanks are due, for permission to publish the results. 

Saxety m Hmss BsSBAaoH Labobatohzes, 

SnswsBiJX [Received, September 1928.] 
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CCCCXXVI . — Explosions in Closed Cylinders. Part 
III. The Manner of Movement of Flame. 

By Oliver Cougny de Ohampfletjr Ellis and Richard 
Vernon Wheeler. 

Some of the phenomena of explosions of methane and air in closed 
cylinders described in Parts I and n (preceding paper) can be 
explained by a study of the movements of flames under similar 
conditions by means of “ snapshot ’’ photographs on a stationary 
plate (see J., 1925, 127, 760). In the examples reproduced in this 
paper, the flames are of carbon monoxide with oxygen, because their 
high actinic value renders them so serviceable for photographic 
analysis. The manner of movement of flame in mixtures of 
methane and air is essentially the same. 

Ignition at One End of the Cylinder (compare Part I, A). — 
The photographs reproduced on Plate I are successive snapshots, 
at equal intervals of 4*1 millisecs. after ignition, of flame travelling 
in a mixture lOCO + 0,. saturated with water vapour at 13*5®, after 
ignition at the centre of one end of a glass cylinder, 2*5 cm. in diameter 
and 20*3 cm. long, closed at both ends by rubber pads. The speed 
of flame in this mixture is comparable with that in a 9*6% methane- 
air mixture. 

In the flrst snapshot, the flame appears as a small hemisphere 
centred on the point of ignition. In Fig. 2, no part of the tubular 
flame surface has as yet made contact with the walls of the cylinder, 
but its domed front has made rapid progress along the axis. In 
Fig. 3, the domed front has travelled still further, but the fringe of 
the luminous “ skirt ” has been extinguished. In Fig. 4, and 
thereafter, only the front portion of the flame surface remains, and 
that has changed its shape, having been turned inside-out owing to 
the sudden cooling of products of combustion behind it when the 
whole of the skirt ” came in contact with the walls of the cylinder. 

The rapidly increasing speed of flame and development of pressure 
during the early stages of the explosion, remarked upon in Part I, 
are thus seen to be due to the increasing area of flame surface ; the 
marked retardation and subsequent comparatively slow movement 
of flame and development of pressure are due to the sudden decrease 
in the area of the flame surface, consequent on the contact of all but 
its front with the walls of the cylinder, and to the sudden increais^ 
in the area over which the products of combustion are coo^^^ 
Although discussion of the matter is outside the scope of the^HHg 
paper, we should mention that we regard the initial reta^Mn^H 
movement of the flame surface as being due to the 
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movement of the medium in which it is travelling. This initial 
retardation is accentuated by the sudden cooling of the products of 
combustion behind the flame surface (see Fvd^ 1928, 7, 195 ; com- 
pare Payman, Proc. Boy, Soc,^ 1928, A, 120, 90). 

The individual snapshots of Plate I, together with subsequent 
snapshots at equal intervals until the flame had wholly expired, 
are shown as a composite photograph on Plate 11. A record of 
the same flame taken on a revolving film, is reproduced for com- 
parison. The sudden retardation in the progress of the flame 
occurred when it had travelled about one-third of the lengili of 
the cylinder. Thereafter, its speed was nearly uniform until it 
reached the end. In this Teq)ect the explosion of lOCO + Og in this 
comparatively short cylinder differed from the 9*5% methane-air 
explosions in a cylinder 10 cm. in diameter and 200 cm. long 
{described in Part I), inasmuch as in the latter the flames exhibited 
vibrations, and an increased speed, towards the end of their travel. 
In a glass cylinder 2 cm. in diameter and 40 cm. long, the flames in 
the mixture lOCO + Og sometimes vibrated. 

Position of Point of Ignition varied (compare Part I, B). — ^The 
effect of varying the point of ignition is illustrated in Mgs. 1, 2, and 
3 on Plate in. For these experiments the cylinder was 2 cm. in 
diameter and 40 cm. long, and the explosive mixture used was 
loco + Og. Ignition, on the axis of the cylinder, was at one end 
(Fig. 1), at the middle (Fig. 2), and midway between the middle and 
one end (Fig. 3). With ignition at the middle, the flame surfaces 
vibrated, and their mean speed increased, towards the end of their 
travel. The flame surface, being a mobile source of pressure in an 
enclosed space, tends to centre itself within the cylinder, so that 
ignition is not at the middle it moves most rapidly towards the 
region of greatest volume. Cooling does not occur until the flame 
surface touches the walls, but, owing to its elongated shape at that 
moment (see Fig. 3, Plate HI), cooling is then considerable. For 
this reason, and because of the sudden diminution in area of the 
flame surface, there is a sudden retardation in the movement of 
the flame (and in the development of pressure). The flame con- 
tmaes to propagate on two fronts (so that the rate of production of 
pressure tends to be double what it is when ignition is at one end of 
the cylinder), travelling faster towards the farther than towards the 
neareer end. It expires first at the nearer end, the system at that 
moment suffering both a reduced production of energy and an 
increased dissipation due to cooling. ^ The speed of the remaining 
flame surface is liierefore retarded. It thus results that, although 
when ignition is asymmetric the two flame surfaces nearly reach the 
two ends of the oylioder simultaneously, there is a comparatively 
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long interval between the expiration of tbe flame at tbe nearer end 
and its final expiration at the farther end. The more asymmetric 
the point of ignition, the greater is this interval, and the less, in 
consequence, is the maximum pressure developed. 

Simultaneous Ignition at Two Points (compare Part I, C). — 
When an explosive mixture within a cylinder is ignited simul- 
taneously at two points, not too close together, the initial rate of rise 
of pressure should be twice as fast as with single ignition unless the 
two flames hinder each other’s development. Actually, the two 
flames do hinder each other, each developing a smaller surface area 
in a given time than it would if the other were absent. This is 
illustrated in Fig. 4, Plate III, which is a composite photogra]^ of 
three successive snapshots, at equal intervals of 9^63 millisecs. after 
ignition, of flames in a mixture 13CO + Og, saturated with water 
vapour at 14°, contained in a closed horizontal glass tube 4 cm. in 
diameter and 32 cm. long. The mixture was ignited simultaneously 
at the middle of the cylLider and midway between the middle and 
one end. The two continuous flame surfaces tend to dispose 
themselves symmetrically. That on the left centres itself within 
the left-hand half of the tube, not within the tube as a whole as it 
would tend to do if it were alone. The right-hand flame surface 
moves bodily towards the right. 

When contact occurs between the flame surfaces and the walls 
of the cylinder, the area of contact is nearly twice that when ignition 
is at one point only, and the rate of cooling is nearly twice as great. 
The net rise of pressure subsequently is therefore small, though the 
pressure is maintained from four sources whereas with single 
ignition there are but two. Figs. 5, 6, and 7 on Plate in are single 
snapshots (taken, respectively, 48-15, 57-78, and 62-59 millisecs. 
after ignition) of the flame surfaces after contact with the walls of 
the cylinder had occurred. They show the remarkably slow approach 
of the two inner flame surfaces towards each other. 

With a 25% carbon monoxide-air mixture, saturated with water 
vapour at 11-8°, a number of experiments were made with different 
conditions of ignition in a glass cylinder 6 cm. in diameter and 32 cm. 
long. The durations of the flames under these different conditions 
are recorded in Table L 

The shortest duration of flame was thus with symmetrical double 
ignition at such a distance from the ends of the cylinder that there is 
no initial cooling ; and the longest was with single-end ignition. 

iPAe of ^ Length of the Cylinder (compare Part II3^ffl 
Fig. 1 on Plate W shows a succession of snapshots, at inter^HK 
4-1 millisecs. after ignition, of the flame in a mixture 
saturated with moisture at 15°, i^ted at the end of a vertjl^^^V 
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Table I. 


Carbon Monoxide and Air (25% CO), ignited within a Bori- 
eontal Glass Cylinder (6 X 32 om.)> 


Distance along tul^e, cm. 
0. 8. 16. 24. 


Duration of fLame, 
centisecs. 


Ignition at j 
points i 
indicated ) 

(I). I 

I 

1 

• 


I 

I 

I 

I 

I 


I 


I 

I 

I 


I 


I 

I 


I 


I 


I 


22-1 

17-5 

12-3 

11*0 

14-2 

16-1 

11-4 

9-3 

14-4 


cylinder, 5*0 cm. in diameter and 17 cm. long. The cylinder was 
placed vertically to secure symmetry of the flame surfaces and thus 
render their movement during the later stages clearer than it is 
when the cylinder is horizontal (see, e.gr., Fig. 1, Plate m). Fig. 1, 
Plate IV, should be compared with Figs. 2 and 3, for which the 
conditions of experiment were identical save that the cylinder was 
reduced in length to 12 cm. (Fig. 2) and 9*5 cm. (Fig. 3). It is evident 
that the greater the length of the cylinder the more freely does the 
flame surface move along its axis. It is evident, also, that at the 
moment when the flame surface has made contact with the walls, 
and rapid cooling of the products of combustion has begun, a 
greater proportion of the mixture has been burnt in the shortest 
than in the longest cylinder, so that a higher maximum pressure 
would be recorded in the former. 


The experiments described in this paper were carried out in con- 
nexion with work that we are doing for the Safety in Mines Research 
Board, to whom our thanks are due for permission to publish these 
results. 

Safety in ItliNEs Beseabcs Laeoeaxobies, 

Shefetbld. [Beceived, Sept&mh&r llth, 1928.} 


CCGCXXVII . — Acid and SaU Ejects in Gatcdysed Be~ 
acHons. Part XT III. The Dynamics of Avio- 
cakUyaed Ester Hydrolysis. 

By Hasbt Mbdeobth Dawson and Whiiam Lowson. 

Rkoskt ezperisQ^ts by the authors (this toL, p. 2146J have shown 
that the initial speed of the hydrolysis of ethyl acetate with hydro- 
chloric add as catalj^st is proporticmal to the concentration of the 
add when thfe is varied between 0*0002 and 0*2 mol. per litre. If 
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the concentration of the hydbpochloric acid is less than 0*01 mol. per 
litre, the course of the reaction is modified by the catalytic action 
due to the acetic acid produced. The relative importance of this 
autocatalytic effect increases as the concentration of the hydro- 
chloric acid diminishes, and it is not possible in practice to determine 
the initial velocity of the reaction when this concentration falls 
below- 0-0002 mol. per litre. 

The present experiments are, for the most part, concerned with 
the course of the reaction when foreign catalysts are absent, i.e., 
when the only catalytic effects involved are those which are 
attributable, directly or indirectly, to the solvent or to the acetic 
acid which is set free in the reaction. In this connexion, reference 
should be made to the experiments of Wijs {Z, physikaL Chem,^ 
1893, 11, 492; 12, 514) on the autohydrolysis of methyl acetate, 
in which the progress of the reaction was followed by measurements 
of the electrical conductivity of the solution, and it was shown that 
the reaction velocity passed through a minimum value. The 
observations were, however, confined to a very small period in the 
early stages of the reaction, but this was sufficient for the main 
object of the experiments, which was to obtain a value for the 
ionisation constant of water. 

In its entirety, the autocatal 3 dic hydrolysis of an ester such as 
ethyl acetate represents a complex process in which the reaction 
velocity passes through a minimum and a maximum value. The 
attainment of maximum velocity is not in any way connected with 
the reversibility of the reaction, although this alone would of course 
sufBlce to determine the incidence of a maximum. If, however, the 
reverse reaction has to be taken into account, the mathematical 
treatment of the problem becomes extremely complex, and for this 
reason the investigation has been confined to that phase of the 
complete reaction for which the influence of the oppositely directed 
esterification process can be neglected. Within these limits, and 
in accordance with current views relating to catalytic effects, the 
general equation for the reaction velocity may be written 

djcldt = {h[R^] + ifcbH[OH’] + + ia[Ao-] + 

hlRAo]}{a^x)[R^O] . . ( 1 ) 


in which the catalytic coefficients are represented by the usual 
symbols and {a — x) is the concentration of the ester after time t. 
Since the concentrations of the several catalytic entities are con- 


nected by [H'*'] . [OH-] = [Ac-] = [H+] — [OH-], and^ 

[HAc] =x — [Ac-], equation (1) may be written 

dxjdt = {(k^ — ~h {^OH "h 

5o 
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and from a consideration of the relative values; of = 6*5 X iO”®*, 
& OH = 6-5, £ = 1*3 X 10“®, h'a = 2 X 10"’, and which is too 
small to have a measurable value assigned to it, it may be readily 
shown that the equation may be further reduced to the form 

dxjdt = {i'dS-] -r (a ^ x) . . (2) 

where Jc'u — fc/i[H 20 ] and A: oh = 1 oh[H 20 ]* 

In terms of this equation it is convenient to distiuguish two 
successive stages of the autocatalysed reaction » In the first stage 
the catalytic effect corresponds with the joint action of the hydrogen 
and the hydroxyl ion, and the concentration of the ester is prac- 
tically constant. In the second stage the catalytic action is con- 
fined to the hydrogen ion, and the concentration of the ester gradu- 
ally diminishes. There is, of course, no breach of continuity in 
passing from the first to the second stage, but it is convenient, 
although more or less arbitrary, to select as the end of the first 
stage that point at which the catalytic effect of the hydroxyl 
ion has fallen to 1% of the catalytic effect due to the hydrogen 
ion. 

Before proceeding to the further examination of equation (2),. 
reference may be made to the nature of the experimental observ- 
ations. The solution of the ester (40 c.c. per litre = 0412Jf!f) was. 
prepared by dissolving carefully purified ethyl acetate in con- 
ductivity water, the temperature being kept at 25'0®. The acetic 
acid formed was determined after suitable time intervals by titration. 
In the early stages of the reaction, 25 c.c. samples were titrated with 
O-OliV'-alkali, and in the later stages, 10 c.c. samples vdth 0*li\?’- 
alkali. 

The earlier experiments showed wide differences in the results 
obtained; for instance, the time required for the production of 
acetic acid in 0*000231 concentration varied from about 3000 to 
10,000 minutes, investigation of the cause of these discrepancies 
showed that the slower speeds of the reaction were mainly, if not 
entirely, due to the retarding effect of alkali from the walls of the 
glass containing vessel. The later expeoriments were therefore 
carried out in fused silica vessels, and it was thus possible to obtain 
reproducible results without difficulty, in order to acquire inform- 
ation relative to the influence of small quantities of alkali, parallel 
experiments in silica flasks were made with ester solutions to which 
various small quantities of sodium hydroxide were added. It may 
be readily shown that the hydroxide is rapidly converted into 
acetate, and that the course of the reaction as represented by the 
x-i curve is sensibly the same as if the equivalent amount of sodium 
acetate had been added at the outset. 
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la the actual application of equation (2 ) , it has been found convenient 
to express the hydrogen-ion concentration of the acid solution in 
terms of the ionisation constant of the acid. If [H+] = rKy then 
[HA] = r®jK', and the total concentration of the acid is r(r + 1)£^. 
This quantity r may be termed the ionisation ratio, the relation of 
which to the degree of ionisation is given by r = (1 — a)/a or 
a = l/(r -f 1). In terms of r, the expression for the ionisation 
constant takes the form K = clr{r + 1), where c is the total acid 
concentration. 

First Stage of the AudocataJysed Beaction , — The quantity of acetic 
acid formed at the end of the first stage is far too small to be deter- 
mined titrimetrically and our concern with this stage is therefore 
limited to the estimation of the period of time which it occupies. 
The equation for the reaction velocity is 

+ ... (3) 

and when the acid produced by the reaction is fuUy ionised, or 
[H+j ~ X, this can be integrated quite simply (compare Dawson, 
J., 1927, 458). This, however, is no longer the case when the acid 
formed is weak and its hydrogen-ion concentration is given by 
[H*^] = V{KI2)^ + Kx — K 12; in these circumstances the pro- 
cedure followed in the calculation of the required time involves 
considerations which are associated with the catenary form of the 
y-log [H+] curve. The method employed is general in the sense 
that it may be applied in the case of all autocatalysed reactions of 
similar type. 

The hydrogen-ion concentration at which the reaction velocity 
passes through its minimum value is given by [H**"],- = 
if is taken as 10”^^ we obtain = 
0-32 X 1(H, or since the value of K for acetic acid in 0*4JLf -ethyl 
acetate solution is 1*6 X 10"®, [H+]* = 0-2JS', or r,- = 0-2. 

If the hydrogen-ion concentration is expressed in terms of [H+]i 
such that [H+]/[H'*’]i = w, then equation (3) may be written as 

dxjdt = + lln)a .... (4) 

according to which 99% of the total catalytic effect is due to the 
hydrogen ion when n = 10, i.c., when [H+] = 2K. The value 
r = 2, which corresponds with x = 6Z, may thus be identified with 
the end of the first stage of the reaction. For the calculation of ^ 
the time required to reach this point, the complete stage may 
divided into a series of small intervals, Ai, for each of which 
Ar(r -f 1 )jS^ = KAq, where q measures the concentration 
acid in terms of K. If, now, v is the mean velocity for the 
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characterised by the mean reduced hydrogen-ion concentration 
then according to equation (4) we have 

Af = = jK'Ag^/[F/,[H+]f(» -f ljn)a] 

Substituting a == 0412, I* * = 6-5 >c 10"®, and [H+j^ — 0*27£‘, we 
have 

M = 1870A^;(n 4 - 1/m), 

whence the time required for the first stage is given by 

= lS70S2~®Ai/(w + 1/71) .... (5) 

in which fi — fin where f is the mean value of r for the interval 
for which the mean reduced hydrogen-ion concentration is n. The 
smaller the values of £d and Ag, the greater will be the accuracy 
of given by equation (5). For the present purpose it is, however, 
sufficient to divide the first stage of the reaction into ten intervals, 
each of which corresponds with Ar = 0*2. In this case the end 
of the first interval coincides with the point of minimum velocity. 
To illustrate the exact procedure and the nature of the results, the 
detailed figures are recorded in Table I. The first column gives 
the initial and final values of r for each interval ; the second, the 
value of » = flni the third, that of + ljn); the fourth, the 
initial and final values of g ; the fifth, the value of Ag ; and the 
sixth, that of Af (in mins.). 


Table I. 


Aiitocatalysis : First Stage, 


rW". 

fi. 

71 -f- 1/a. 

— (7 • 

Aq. 

At, 

O-O— 0-2 

0*5 

2-50 

0-00—0-24 

0-24 

180 

0-2~^*4= 

1-d 

2-17 

0-24—0-56 

0-32 

276 

0 . 4 — 0*6 

2-5 

2-90 

0-66— 0-96 

0-40 

258 


3-5 

3-79 

0-96—1-44 

0-48 

237 

0*8— 1-0 

4-5 

4-72 

1-44—2-00 

0-56 

222 

l-O— 1-2 

5-5 

5-68 

2-00—2-64 

0-64 

211 

1-2— 1*4 

6-5 

6-65 

2-64—3-36 

0-72 

202 

1-4— 1-6 

7-5 

7-63 

3-36—4-16 

0-80 

196 

1-6— IS 

S-5 

8-62 

4-16—5-04 

0-88 

191 

1-8— 2-0 

9-5 

9-61 

5-04—6-00 

0-96 

187 


According to the table, the time required for the completion of 
the first stage of the reaction is SAf = 2160 minutes. It may 
further be noted that the value of for equal successive changes 
in the hydrogen-ion concentration diminishes regularly from the 
if.F.pomtoiiwards,i.e,,afterthefirstmterval. For thei^ interval, 
Ag = 0-18 + 0*08i, and since fl approximates to i as the latter 
increases, it follows that A^ approaches a limiting value of 
1870 X 0-08 = 149'6 minutes. 

When the solution of the ester contains a small quantity of 



IN CATALYSB3> BEACTIONS. PART XYHI* 


3223 


sodium acetate, the hydrogen-ion concentration corresponding with 
a given concentration of acetic acid (a?) is reduced. If the concen- 
tration of the acetate (S mols. per litre) is expressed in terms of ii, 
such that S = mK, then from [HA] == a; — [H+] = + 

[H'**])/i3r, we obtain a; = r(r + 1 + m)K, or q = r[r +1 + m). 
Since the end of the first stage is reached when r = 2, it follows 
that the concentration of the acetic acid in the solution at this 
point increases with the quantity of sodium acetate present. The 
relation between the velocity of the aiitocatalysed reaction and the 
hydrogen-ion concentration is not, however, affected thereby, and 
the presence of sodium acetate makes no difference to the method 
described above for the calculation of the time which is occupied 
by the first stage of the autocatalysis. The values of q and for 
the quantities {m ~ SjK) of sodium acetate actually used in the 
experiments to be described are as follows : 

0 1*2 30 6-0 

q = 6-0 8-4 12-0 18-0 

=:. 2160 3215 4800 7450 mins. 

Second Stage of the Autocatalysed Reaction, — The beginning of 
this stage is characterised by the circumstance that the hydroxyl 
ion ceases to plaj^ any sensible part in the hydrolysis. The equation 
for the reaction velocity may therefore be written 

dxjdt = i *[H*^](a — a;) (6) 

As in the case of the first stage, the form of the expression which 
gives the connexion between x and t is the same whether the 
hydrolysis takes place in pure water or in a solution which contains 
a small amount of alkali (sodium acetate). In these circumstances, 
it seems preferable to consider the general case in which the solution 
contains 8 mols. of acetate per litre . Since the hydrogen-ion 
concentration is given by [H'^] = VjK + Sfji: + Kx — ( + S)/2, 
the previous equation may be put in the form 

dxjdt = ¥fXa — x){V + Kx — 6) . . (6a) 

where 6 = (-ST -f >S)/2. Replacing + Kx by ?/, equation (6a) 
may be written 

= 2y . dyiXKa + - y^){y - 6 ), 

which, on integration by the method of partial fractions, gives 
2b 1 , 

{vw+i^ - y) + j 

+ + y) 

Replacing y by its equivalent in terms of x, then for end 
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final values of x and t represented respectively by x\ t\ and 
i", this becomes 




+ 


Vftg + Zo - &^^V6» + Sa - ^/W+Ko^‘ 


VBm-Zo - Vfi® + 


+ 6^^*^ V6® + ^« + V6* + ^a!‘ 


Vfta + Za + V6» + Za:‘ 




( 7 ) 


In accordance with this equation, t** may be used to denote the 
time required for the reaction to proceed from the end of the first 
stage {[H+] = 2K) to any point in the second stage. For the later 
phases of the second stage in the absence of sodium acetate, the 
above equation reduces to the form 




* r Irt/r ^ i ^ I r »* V w I 

k'jiVKai Va + V^ Va — Va:') 


Va + V® 


Va - Vx'') 


( 8 ) 


which is identical with the equation previously derived (Dawson 
and Lowson, J., 1927, 2107) for the hydrolysis of ethyl acetate with 
acetic acid {0*1J?’) as catalyst. Equation (8) follows, in fact, 
directly from equation (6) when the concentration of the acetic 
acid is large enough to permit of the substitution of V Kx for [H+]. 
In these circumstances, 

V = k'jiVSx {a — x) 

whence dvjdx ^ k\VK{al2Vx -- SVxl2) ... (9) 

according to which the reaction velocity passes through a maximum 
when X == a/3. Under the conditions of our experiments this 
maximum is reached before the reverse reaction begins to have any 
appreciable influence on the course of the hydrolysis. 


Expeeimental. 

With one exception the glass vessels used in our earlier experi- 
ments were found to retard the autocatalytic hydrolysis as com- 
pared with the reaction in silica vessels. In the exceptional case, 
the results were practically the same as for the silica flasks. Om* 
experience in this connexion would suggest that the determination 
of the amount of acid produced by autohydrolysis of an ester in a 
given time might be made the basis of a practical method for the 
comparison of the “ alkalinities ” of samples of glass. 

Table 11 gives the results for the early stages of autohydrolysis 
in silica flasks with and without the addition of alkali. For each 
experiment the first column of figures shows the number of c.c. of 
0*01J\r-sodium hydroxide required for the titration of 26 c.c. of the 
ester solution; the second gives the acetic acid concentrations in 
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mols. per litre, and the third the corresponding time intervals 
(minutes x 10^). The calculated times in the fourth eolumn 
represent the sum of and where is the time occupied fey the 
first stage and ^2 that required by the second stage ; these numbers 
were derived from the theoretical dCHf curves. 


Table 11. 





t.VOr^ 




i.10-3 

Titre. 

X . 103. 

(obs.). 

(calc.). 

Titre. 

a? . 10®. 

(obs.). 

(calc.). 


A. NaAc = nil. 


B, 

NaAc = 

= 19 X 10-W. 

0-45 

0-18 

2-80 

2-95 

0-60 

0-20 

4-29 

3-85 

1-95 

0-78 

5-60 

6-05 

1-80 

0*72 

7-16 

6-80 

5-05 

1-22 

7-12 

7-35 

2-70 

1-08 

8-57 

8*10 

4-57 

1-83 

8-48 

8-90 

3-90 

1-56 

10-00 

9-40 

6-25 

2-50 

10-00 

10-40 

C. NaAc 

48 X lo-'jy. 


NaAo = 

96 X lO-W. 

0-25 

0*10 

4-3 

3-5 

0-32 

0-13 

5-58 

5-0 

1-00 

0-40 

7-20 

6-7 

<>•>60 

0-24 

7-02 

6-9 

1-65 

0-66 

8-55 

8-1 

1-35 

0-54 

9-99 

9-75 

2-48 

0-99 

10-00 

9-6 

1-95 

0*78 

11-3 

11-2 

3-48 

1-39 

11-4 

10*9 

2-75 

1-10 

12-7 

12-7 

4-80 

1-92 

12-9 

12-6 


Tn comparing the calculated and observed times in the above 


table it should be recognised 
that the probable accuracy of 
the recorded acetic acid con- 
centrations increases as the 
reaction proceeds, and that the 
error attaching to the first re- 
corded values may be consider- 
able. It appears that the 
observed rate of hydrolysis is 
somewhat more rapid than the 
theoretical in experiment A, 
and rather less rapid in B and 
C, whilst the agreement is very 
close in experiment D. The fact 
that the time-differences in 
A, B, and C are nearly inde- 
pendent of the amount of acetic 
acid formed suggests that the 
deviations are associated with 
the first stage of the auto- 
hydrolysis, and it seems prob- 
able that they are to be 


Fig. 1. 



O^OOI 0'002 


Curves showi^ the rate of Jormatim oj 
acelie add by autohydrolyais of ethyl 
acetate; (A) in yure water ; (B), (C), 
and (B) in yres&nce of O'OOOOlfc., 
0*000048, cmd 0*000096 
sodium acetate per litre, 


attributed to variations in the purity of the samples of cond 
water used in the several experiments. The experia^ 


curves are shown in Fig. 1, 
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Table III gives tbe results for an extended autocatalytic experi- 
ment in whicli the hydrolysis was allowed to proceed until the 
influence of the reverse reaction could no longer be ignored. Col. 1 
shows the concentration (x) of the acetic acid formed (mols./litre), 
col. 2 the corresponding observed time interval (minutes X 
and col. 3 the calculated time f + #2 derived by the method 
already explained. 

Table III. 


a: . 102. 

t . 10"®, obs. 

t . 10“®, calc. 

a: . 102. 

t , 10“®, obs. 

t . 10"®, calc. 

0-25 

10*0 

10*4 

S-74 

61-8 

61*5 

0*42 

12*8 

14*0 

10*19 

67*5 

67*2 

1-04 

20*0 

20*6 

12*06 

75*1 

74-5 

1*88 

27*2 

27*5 

13*86 

Sl-9 

81*5 

2-75 

330 

,33*0 

16*05 

90*6 

89*8 

3-97 

40*2 

.39*5 

17*8 

97*6 

96*5 

5*36 

47*4 

47*2 

19*6 

105*0 

103*5 

6*51 

53-1 

52*0 

21*37 

112*5 

110*5 

7*72 

60*7 

50-8 

22*6 

117*9 

116*0 


The above experiment was continued until about 50% of the 
original ester had been hydrolysed, at which point the velocity of 
the reverse reaction is about 1 /70th of that of the hydrolytic process. 
This point may thus be taken to represent approximately the end- 
point of the reaction in so far as the validity of the equation derived 
for the second stage in the autohydrolysis is concerned. The 
tabulated numbers show that the observed progress of the reaction 
is in close agreement with the combined requirements of equations 
(5) and (7). It may be inferred that the course of the reaction can 
be interpreted in terms of the catalytic action of the hydrogen and 
hydroxyl ions, and that the speed of the uncatalysed reaction and 
the eatal 3 rtic activity of the water molecules are too small to be 
measured. 

With reference to the variations in velocity during the auto- 
hydrolysis, it may be noted that the maximum velocity given by 
«max. “ — x) with X = ajZ is 2-64 x 10"® mol. per 

litre per minute, and the minimum velocity given by = 
is 1-69 x 10”® mol. per litre per minute. The ratio 
of these velocities is thus proportional to the square root of the ester 
concentration, and for the concentration used in oxir experiments is 
equal to 156. 

Summary. 

The autocatalysed hydrolysis of ethyl acetate, in so far as this is 
not appredably affect^ by the reverse reaction, has been studied 
by experiments in fused silica vessels. 

The reaction may be divided into two stages, in the first of which 
the velocity is determined by the joint catalytic action of the 



STABILITY OF FEBEOtTS SIHLPSATE SOLTJTlOIffS, BTC. 3227 

hydrogen and hydroxyl ioias, and in the second by the catalytic 
activity of the hydrogen ion. 

Equations are derived from Trhich the time required to reach 
any given point may be calculated. 

The retarding influence of small amounts of alkali is shown to be 
in accord with theoretical requirements. 

It would seem that the speed of the uncatalysed reaction and the 
catalytic activity of the water molecules are too small to have any 
measurable influence on the course of the reaction. 

The U yi V EB siTY, Leeds. [Eecewed, October 11th, 1928.] 


CCCCXXVIII . — Stability of Ferrous Sulphate Solutions 
and their Use in Standardising Permanganate. 

By John Aubeet Newton Feienb and Eric Geoboe Kemp 
Pritchett. 


For many years it has been known that dilute, acidified solutions 
of ferrous sulphate are very resistant at the ordinary temperature 
to oxidation by free air or oxygen. The first to study the subject 
systematically appears to have been McBain (J. Physical Ckem., 
1901, 5, 623), who introduced oxygenated water into bottles con- 
taining solutions of ferrous sulphate in an inert atmosphere. He 
observed that the reaction was approximately unimolecular, the 
rate of oxidation being proportional to the oxygen concentration, 
and rising rapidly both with the temperature and with concentration 
of the ferrous sulphate solution. He also found that sulphuric acid 
ranging in concentration from ^/50 to N (referred to as A7'/2 in the 
text, but apparently by a typographical error) exerted a small but 
definite retarding action. 

Some of these observations have been confirmed and extended by 
other investigators (see Peters and Moody, Amer. J. ScL, 1901, 12, 
369; Phelps, Z. anorg, Chem., 1904, 38, 110; Muller and Kapeller, 
Z, Elektrochem.j 1908, 14, 76 ; Baskerville and Stevenson, J. Am&r. 
Chem, Soc,, 1911, 33, 1104), notably by Ennos (Proc. Gamb. Phil. 
Soc., 1913, 17, 182), who concluded that atmospheric oxidation takes 


place via the un-ionised portion of the ferrous salt, and by Warynski 
{Ann. Ghim. Analyt., 1909, 14, 45) and Banerjee {Z. anorg. Ghem., 
1923, 128, 343), who have studied the retarding or accelerating 


influence of dissolved salts and free acids, but in very dilute soluii^ 

On the other hand, Reedy and Machin {J. Ind. Eng. Chem^^^ 
15, 1271), ill contrast to McBain, found that on bubbling 
5 o 2 
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solutions of ferrous sulphate ranging in concentration from 2 to 7%, 
the rate of oxidation 'W'as but little affected by the concentration. 

Now, Russell (J., 1926, 497) has shown that titanous sulphate in 
4N-sulphurie acid is very resistant to atmospheric oxidation, and 
that ’even vanadous sulphate in lOA^-sulphuric acid in a burette is 
not measurably oxidised by air within an hour. It seemed prob- 
able, therefore, that comparable concentrations of sulphuric acid 
might exert a powerful retarding effect upon the oxidation of ferrous 
sulphate solutions. In view of the wide use of ferrous sulphate for 
standardising permanganate solutions, it was decided to investigate 
these points more closely. 

Fig. 1. 



Bxfeeimental. 

Influence of Concentratim of Sulphuric Acid . — ^Aslow current of 
purified air, saturated with moisture, was drawn through a series of 
containmg acid solutions of ferrous sulphate kept in a therm- 
ostat. At the conclusion of each run, the unoxidised ferrous sulphate 
was determined by titration with permanganate.* A few typical 
results are as follows : 

Period of Percentage oxidation of ferrous sulphate in 
Cone, of aspiration sulphuric acid of concentration ; 

FeS 04 . Temp. (hours). AT/IO. JSr/5. itf^/2, N. 2N. 4N. BN. 

2^/26 60® 33 3-22 2-50 2-32 2-11 1-59 1-63 — 

NflO 60 33 6-80 6-80 5-19 3-79 2-81 2-79 — 

AF/10 80 33 22-86 17-97 16-91 9-79 7-94 7-68 7-51 

N/2 40 100 — — 25-72 23-80 20-91 20-88 20-36 

These results are shovn in Kg. 1. At all the temperatures 
studied, increase in concentration of sulphuric acid up to 2N greatly 

In all expenments a few drops of manganous sulphate solution were 
added prior to titration. 
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increased the resistance to oxidation; beyond this point, however, 
further increase in acid had but Kttle effect. If the function of the 
sulphuric acid were merely to reduce ionisation of the ferrous salt, 
one would expect, in accordance with the theory of Ennos, an 
increased oxidation on addition of the acid. 

It would appear, therefore, that some complex is formed in solu- 
tion which is more resistant to oxidation than un-ionised ferrous 
sulphate alone. 

The increased oxidation with rise of temperature is clearlj’’ indicated 
and is in harmony with previous work. 

Influence of Concentration of Ferrous Sulphate . — ^The foregoing 
results appear to indicate also that the percentage oxidation rises 
with the concentration of the ferrous sulphate, as noted by McBain 
{he. cit.). In view of the contrary statement of Reedy and Machin 
{he. cit.), however, it seemed desirable to confirm this, since any two 
of the preceding series may not be strictly comparable owing to 
the difScuIty of ensuring exactly the same conditions of aspiration 
in two sets of tests. Further experiments were therefore carried out 
m which air was drawn through flasks containing solutions of ferrous 
sulphate of various concentrations in 2V-sulphuric acid at 40®. The 
results were as follows : 

Period of Percentage oxidation in ferrous sulphate solution 
aspiration of concentration : 

(hours). NjZ. Nf^. JV/IO. N/2&. 

m 1203 7-67 3*84 2-24 

30 7-14 4-66 2-18 0-44 

The percentage oxidation is seen to be approximately propor- 
tional to the concentration, the oxidation-concentration curve 
being only slightly concave to the concentration axis. This supports 
the view (Ennos, he. cit.) that the reaction is bimolecular at tem- 
peratures above atmospheric. 

The optimum conditions for stability of ferrous sulphate solu- 
tions are thus high dilution, low temperature, and acidity of at 
least 25r. 

Preparation of Standard Solutiom . — ^McBain concluded that, since 
dilute solutions of ferrous sulphate manifest relatively high stability, 
it should be unnecessary, when preparing standard solutions by 
dissolving iron in sulphuric add, to observe the classical precaution 
of allowing the exit tube from the dissolving-flask to dip into sodium 
carbonate solution in order to prevent inrush of air during cooling. 
In two experiments he showed that, upon dissolving 1*4 g. of hsA 
wire in 75 c.e. of S.JT-sulphuric acid over the Bunsen flame 
continuous aeration, finally cooling rapidly and diluting to 
the .3^/10-ferrous sulphate solution thus obtained contained only 
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0-04 — 0*05% of ferric iron, an amount usually negligible in ordinary 
volumetric analysis. 

In view of the rapid increase in the rate of oxidation with rise of 
iron concentration, these results can only be taken, without further 
data, to apply to the particular concentrations used by McBain. 
The subject does not appear to have been further investigated, 
and the use of the carbonate trap is still recommended in modem 
text-books (see Bassett, The Theory of Quantitative Analysis,’* 
1923, p. 276). 

In order to ascertain the limits within which no special precautions 
to avoid oxidation need be taken, the following experiments were 
carried out- Weighed pieces of iron wire were put into each of several 
series of round-bottomed flasks of ca- 500 c.c. capacity containing 
100 — ^200 c.c. of 4A^-sulphuric acid, and warmed on the water-bath. 
The first flask in each series was fitted with a carbonate trap ; the 
others were fitted with vertical tubes through rubber bungs, the tubes 
being some 20" in length and of 0*2" internal diameter. These 
functioned mainly as air condensers to prevent mechanical loss of 
solution with the escaping hydrogen, but also assisted to retain an 
atmosphere of hydrogen within the flask. Immediately the iron 
had completely dissolved, the flasks were rapidly cooled by immer- 
sion in a tank of cold water with gentle agitation but avoiding 
bubble formation. The contents of each flask were then made up 
to 250 c.c.,* the suspended carbon allowed to settle — a necessary 
precaution — and 25 c.c. titrated with permanganate. The results 
obtained in three selected series are given below, each titration 
representing the mean of several agreeing to within 0*03 c.c. 


Initial toI. of acid. 200 c.c. 200 c.c. iOO e.e.f 

Fe (g.) in 250 c.c.J 4*3 1*4 1*0 

Cone.ofKMn 04 NjB J^/IO NIIO 

C.c. KMn 04 C.c. KUnO* C.c- KHn 04 
per 0*43 g. Fe. per 0-14 g. Fe. per 0*1 g. Fe. 

With carbonate trap 23*54 25*20 18*10 

With vertical tube 23*57 25*22 18*09 


t OAT-Sulphuric acid. 

J In all the tests pure Axmco iron wire was used. For analysis, see p. 3232. 

The results clearly justify the omission of the carbonate trap when 
a vertical tube is used, provided that (i) the flask is removed from the 
water-bath immediately the iron has dissolved, and rapidly cooled 
in cold water, and (ii) the initial concentration of the sulphuric acid 
is sufficiently high to exceed 2N after the iron has dissolved. The 
former condition entails constant supervision of the experiment, 
which may be more trouble than the use of the carbonate trap. 

* Becently-boiled distilled water was used in the esperiment with the 
oarbcmate trap and ordinary distilled water in Ihose with the ver^eal tube. 
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E35)erimeiits were therefore carried out to determine if rigid adher- 
ence to that condition is necessary. Approximately 1-4 g. of iron 
were dissolved in 150 c.c. of 4^-sulphTiric acid under various con- 
ditions, and the solutions made up to 250 c.c. (see footnote, 
p. 3230); 25 c.c. were titrated with approximately J7/10-pennan. 
ganate with the following results (means of two titrations agreeing 
to 0-02 C.C.), calculated for exactly 1-400 g. of iron. 


1. Carbonate trap 

2. Vertical j Flask removed immediately iron dissolved, and 

tube. rapidly cooled 

„ ^ /Flask removed immediately iron dissolved, and 

, (Flask kept 20 mins, on water-bath after iron had 

\ dissolved; then rapidly cooled 

- p. /Flask kept 20 mins, on water-bath after iron had 

o. uo. ^ dissolved; cooled slowly in air 

^ p. j Flask kept 40 mins, on water-bath after iron had 
t». ijo. ^ dissolved; cooled slowly in air 


25-69 


25-72 


25-65 


25-71 


25-09 

25-63 


These results agree to within 0*4%, which is frequently sufficient 
for ordinary works practice. The best results are obtained by 
rapid cooling upon removal from the water-bath, whilst a few minutes 
extra on the bath after the iron has dissolved do not appreciably 
influence the result (Expts. 2 and 4). 

In almost every case the vertical-tube method, as carried out in 
Expt. 2, yielded a slightly higher result [ca. 0-1%) than the 
carbonate-trap method , This would have been attribute to experi- 
mental error had it not occurred so persistently. Possibly it was 
due to traces of dissolved oxygen in the carbonate trap for, as shown 
below, the results obtained by the vertical-tube method are probably 
most correct, since they agree very closely with those obtained with 
sodiinn oxalate. Experiments with appreciably higher concenlr- 
ations of ferrous sulphate, vis., N (5 upwards, diverg^ appreciably 
from the standard under conditions 3, 6, and 6 above. This was to 
be expected in view of the increased rate of oxidation with rise in 
concentration. As such concentrations are less frequently used in 
practice the subject was not pursued further, but the results on p. 3230 
show that excellent results are obtainabie with even N /3 solutions 
by use of the vertical-tube method, provided that the precautions 
mentioned are duly observed. 

The vertical-tube method of preparing J/'/lO-ferrous sulphate 
solution has been found very useful in our laboratory. It is oftmi 
more convenient than others because variations in temperature 
acidity at the moment of titration do not affect the acoui^^ 
(Kolthoff, Pharm, WeeJAlad, 1924,61, 1082), whereas 
ium sulphate crystals vary slightly in composition (Hackl, 

1922, 46, 1065), and the temperature of sodium oxalate require 
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regulating (Schroder, Z. 6ffenM. Chem., 1910, 16, 270, 290 ; KdthofE, 
he. eii., p. 561). The last two methods, however, may be made to 
yield very accurate results agreeing to about 0-05% (McBride, J. 
Amer. CAem. Soe., 1912, 34, 393 ; Kolthofi, Z. anal. Chm., 1924, 
64, 235 ; Hendel, ibid., 1923, 63, 321) if suitable precautions are 
taken. It was thus desirable to ascertain if these methods yielded 
results identical with the present one, as this does not appear to 
have been determined hitherto with accuracy. One difficulty is that 
for accurate work it is, of course, necessary to determine with pro- 
portionate exactness the composition of the iron used. This may 
be less convenient than the prepEu:ation of pure oxalates or ferrous 
salts. Electrolytic iron k frequently recommended, although even 
such metal is liable to contain appreciable amounts of impurity. A 
few parallel experiments have been carried out with sodium oxalate 
and Armco iron wire, the composition of which was as follows : 
C, 0-025; Si, 0-009; S, 0-033; P, 0-009; Mn. 0-036; Cu, 0-036; 
Fe (by difference) 99-852%. A'/ 10-Solutions of permanganate, sodium 
oxalate, and ferrous sulphate were prepared, the last-named by 
dissolving 1-4 g. of iron wire in 200 c.c. of 4A-sulphuiic acid on the 
water-bath, using the vertical tube, rapidly cooling in a tank of cold 
water and maMng up to 250 c.c. The permanganate was then 
standardised by titration with each of the above solutions. In 
titrating the sodium oxalate, the precautions mentioned by Schrfider 
(he. cit.) were carefully observed. 

The following factors for two approximately A’/lO-permanganate 
solutions were obtained in two sets of experiments : with oxalate, (1) 
0-9915, (2) 0-9878; with iron, (1) 0-9916, (2) 0-9866. Provided, 
therefore, that the composition of the iron is accurately known, this 
method of standardising permanganate agrees to within about 0-1% 
with that by sodium oxalate for JV/lO-solutions. 

Conchiskm. 

In preparing standard solutions of ferrous sulphate by dissolving 
iron in sulphuric acid, a carbonate trap is not necessary. Very 
accurate results are obtainable when 150 — ^200 c.c. of 4V-sulphurie 
acid and up to 1-4 g. of iron are wanned in a flask, fitted with a 
vertical tube, on the water-bath, and, unmediately the iron has 
dissolved, rapidly cooled in water, and made up to a minimuTn of 
2^ e.c. Provided that the composition of the iron is accurately 
known, the result of standardising permanganate with such a solu- 
tion agrees to within 0-1% with the sodium oxalate method. 

Ths Tecenicax, CkunBOS, BnaasoBMt. [Seoeived, October 1928.} 
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CCCCXXIX . — Xofe on the Rate of Photochemical 
Combiimtion of Chlorine and Hydrogen in Glass 
Capillary Tubes, 

By David Leonard Osapman and Philip Powell Geigg. 

Determinations were recently made by Briers and Chapman 
(this voL, p. 1802) of the rates of photochemical union of bromine 
and hydrogen when the illumination of the mixture was intermittent, 
and it was shown that the results obtained could be interpreted by 
the assumption that the union of the gases is due to a catalyst formed 
by the light, and having an average life of an appreciable fraction of 
a second. As the results of the measurements of the rates of 
chemical change can in general be explained by more than one set of 
hypotheses, it is desirable that evidence, if possible of a different 
character, should be obtained of such long-lived catalysts in other 
cases of photochemical change. The experimental method adopted 
in the case of bromine and hydrogen cannot be applied, as already 
explained {loc. cit,), in the ease of chlorine and h 5 ^drogen. However, 
there is another simple method of testing whether a similar theory is 
ajJpUcable to the photochemical union of the latter gases. 

If we postulate that the union of chlorine and hydrogen is due to an 
imstable catalyst, and that the catalyst is destroyed when it comes 
into contact with glass or a film of water, then obviously if the 
catalyst has an appreciable life it ought to be possible to show that in 
light of the same intensity the rate of union of chlorine and hydrogen 
in capillary tubes is less than in tubes of wider diameter. The 
experiment has been performed and has furnished a positive result. 

The determinations were made with a hermetically sealed glass 
apparatus of the form of a U-tube of -which one limb was a capillary 
tube of 1 mm. internal diameter, and the other limb a tube of about 
2-5 cm. diameter. The apparatus contained about 3 c.c. of water 
and electrolytic gas at atmospheric pressure. In purifying the water 
and in preparing the electrolytic gas, the usual precautions were 
taken to eliminate destructible inhibitors. Furthermore, as an 
additional precaution, the apparatus, after it had been filled and 
sealed, w^as heated at 130® for 6 hours in a bath of glycerol. 

The preliminary experiments were performed in the following 
manner. The previously filled apparatus was plac^ in a horizont|^^iv 
position and the water removed from the capillary tube by heatup^lp 
with steam. Then, in order to be certain that the capillarj^l^K^ 
contained gas of the same competition as that in rest of the 
the former was warmed and cooled many times. The 
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next fixed in a vertical position so that the water enclosed the gas in 
the capillary tube, which was then warmed so as to drive out about 
one-fourth of the gas it contained. The water which moved up the 
capillary tube on its regaining the temperature of the laboratory 
served as an index. 

When the whole apparatus was exposed to light, so that both tubes 
were equally illuminated, the index in the capillary tube moved 
downwards, showing that the rate of combination of the gases in the 
wider tube was more rapid than that of the gases enclosed in the 
capillary. After exposure to light and before the final reading of the 
index was taken, the apparatus was allowed to stand at a constant 
temperature in the dark for 12 hours to ensure the attainment of 
complete equilibrium. Then, in order to estimate the proportions of 
hydrogen chloride formed in the wide and narrow tubes, the 
apparatus was completely immersed in water in an upright position, 
and the sealed end of the wide tube opened. The water which 
immediately entered the wider tube filled from one-third to 
one-half of its volume, showing that a considerable proportion of the 
gases originally contained therein had combined. The index in the 
capillary tube, however, only rose to its initial position, thereby 
showing — since the pressure of the gas in the capillary tube was 
initially and finally approximately the same, namely, that of the 
atmosphere — ^that only a .small proportion of the gases introduced 
into it had united. 

To measure more accurately the relative rates of combination in 
the two tubes, the capillary tube alone and the wider tube alone were 
alternately exposed to light of the same intensity. The downward 
movement of the index which accompanied the exposure of the wider 
tube to light was 40 — 60 times more rapid than the upward movement 
of the index resulting from the iLLummation of the capillary tube 
alone. Before the readings were taken, sufficient time was always 
aUowed to elapse to ensure complete solution of the hydrogen chloride 
formed, and a correction was applied for the light totally reflected 
from the sides of the bore of the capillary tube. That the ratios 
of the rates of combination observed in different experiments were 
not constant was to be expected, since electrolytic gas contains 
Varying small proportions of oxygen, which, beiog an inhibitor, 
would shorten the life of the catalyst. 

The precautions taken to destroy destructible inhibitors appear to 
us to exclude the possibility that the observed effect was due to the 
gradual escape of such irdiibitors from the surface of the glass. 
Moreover, the possibility that the rate of union of the chlorine and 
hydrogen in the capillary tube was inhibited by hydrochloric acid is 
excluded by well-known experiments of Boden^in- 
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From the above-described phenomenon, an attempt will be made, 
with an apparatus designed for the purpose, to obtain an estimate of 
the life of the catalyst. 

Jestjs College, Oxfoed. [Eeceivedt October 23rd!, 1928.] 


CCCCXXX . — Crystallography of the Aliphatic 
Dicarhoxylic Acids. 

By Wnxmi Augustus Caspaht. 

The straight-chain saturated acids of this series, besides being all 
solid at the ordinary temperature, lend themselves better to 
crj-stallographic study than the corresponding monocarboxylic 
acids, in that their crystals are harder and less liable to distortion. 
An advantage, moreover, of dealing with acids of comparatively 
low molecular weight is that crystals can be procured which have 
a reasonable thickness in the direction of the c axis instead of 
being excessively thin and tabular. 

Angle measurements on crystals of the lower members of the 
series, up to pimelic acid (C 7 ) have been made by various workers. 
From O 4 onwards they all crystallise in the monoclinic-prismatic 
class. The results of an X-ray examination of succinic acid (C 4 ) 
have been published by Yardley {Proc. Roy, Soc,, 1924, A, 105, 451). 
A number of data bearing on the spacings of the basal planes, 
obtained by Z-ray powder photographs and carried up to C 34 , 
are due to Normand, Boss, and Henderson (J., 1926, 2632; Proc, 
Roy, Soc, Edin., 1928, 48, 20). It is assumed by the latter workers, 
and is now amply confirmed, that the length of the unit cells of 
these crystals, along c, depends on the number of carbon atoms in 
the molecule, as established by Shearer and Muller for other long- 
chain compounds. 

The acids available in the form of single crystals for the present 
examination were adipic (Gq), pimelic (C7), suberic (Cg), azelaic 
(Cg), sebacic (C^q), brassylic (C13), and hexadecanedicarboxylic 
(Cig). For obtaining crystals of adequate quality, ethyl acetate 
was found in most cases to be the best solvent. With aU the acids, 
cooling of hot aqueous solutions leads to crystals which are well- 
shaped except for extreme tfainn^ upon ( 001 ), whereby they are 
rendered useless ; but pimelic acid crystallises best by isothermali 
evaporation from water, in which it is moderately easily 
in the cold. For sebacic acid, cooling of warm solution^ 
centrated nitric acid gave the l^t results. Good crystals 
acid were not obtained until the method was adopted 
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the substance with ether in sealed tubes to about 100"^ and allowing 
it to cool in the oven. 

Externally, the crystals of all the acids conform to the same type, 
with variations in face-development due to impurities and to the 
kind of solvent employed. The principal forms are always (001)* 
(100), and (110), with, occasionally, (lOT) and (010). On pimelic 
acid crystals, (Oil) was also observed. Throughout the series, 
(001), (100), and (110) are pronounced cleavage-planes. The crystals 
are tabular upon (001) and become progressively thinner as the 
molecular weight rises. The majority of them are elongated along 
the b axis, so that on the whole the characteristic habit is that 
shown in Eig. 1. The p-angle is unusually large, varying from 128® 
to 137°. Swallow-tail twins about (001), with the b axes aligned, 
are common, and crossed twins about (001), with the b axes at 
right angles, also occur. 

In the lower members of the series (lOT) is almost as well developed 
as (100), and earlier observers have sometimes chosen the former as 

containing the c axis, thus 
reducing p to the neighbour- 
hood of 90°. As one ascends 
the series, however, the crystals 
seldom or never display the 
nearly orthogonal (lOT) face, 
whilst the highly tilted (100) 
face is always in evidence, besides being a definite cleavage- 
plane. The large P-angle therefore appears to be a reality. Angles 
lying in the same region of magnitude have been observed by 
Muller (Proc. Boy, 8oe., 1927, A, 114, 542) in bromostearic, stearolic, 
and behenolic acids. 

The p-angle of adipic acid (Brugnatelli, Z, Kryst, 1896, 26, 298) 
is known from earlier measurements. Those of the other acids 
concerned were now determined goniometrically. Whereas reflexions 
from (001) were uniformly good, those from (100) were less satis- 
factory, owing to the narrowness of the face and its tendency to 
unevenness. It was therefore considered advisable to select the 
results of the best reflexions from several crystals and to state 
the mean to the nearest 10', The angles so found agree, within 
the experimental limits, with those which may be independently 
calculated from the Z-ray spacings of the (001) and (100) 
planes. 

The crystals were subjected to Z-ray analysis by means of rotation 
photographs of single crystals about their three axes, upon glass 
quarter-plates. When required for closer investigation of par- 
ticular reflexions, (^illation photographs were also taken. The 
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p-angles and cell-dimensions (in A.U.) of the several crystals are 
summarised in Table 1. 


Table L 


Acid. a. 

Cg, Adipic 10*27 

C-, Pimelic 9*93 

Cg, Suberic 10*12 

Cg, Azelaic 0*72 

Cio, Sebacic 10*05 

Brassylie 9*63 


Ojg, Hexadecanediearboxylic 9*76 


Mols. in 


6. 

c. 

jS. 

ceU. 

5*16 

10*02 

137" 5' 

2 

4*82 

22-12 

130" 40' 

4 

5*06 

12*58 

135" 0' 

2 

4*83 

27*14 

129" 30' 

4 

4*96 

15*02 

]33" 50' 

2 

4*82 

37*95 

128" 20' 

4 

4*92 

25*10 

131" 10' 



The first point of interest which is brought out by these figures 
is that the unit cells of all the acids hare about the same breadth and 
depth. Prom this alone it necessarily follows that the carbon- atom 
chain of the structural molecule must be strung out along the c axis. 

As regards the c dimensions of the several unit cells, it is seen 
that the crystals fall into two groups, according to the odd or even 
number of carbon atoms in the molecule. The c axes of the even- 
carbon series are nearly proportional to the number of carbon atoms, 
whilst in the odd-carbon series they are proportional to twice that 
number. In the latter series the heights of the cells are doubled 
and must be taken up by two molecules end to end ; correspondingly 
the cells contain the substance of four instead of two molecules. 

This difference in crystal structure between even-carbon and odd- 
carbon acids cannot be unconnected with the well-known alternation 
in their melting points. Ultimately the melting point must depend 
on the ease with which molecules are torn out of the crystal lattice, 
and it is plausible to suppose that the double cells of the odd- 
carbon acids (having relatively lower m. p.’s) are less stable in this 
respect than the more compact cells of the even-carbon acids. A 
full explanation, however, must be deferred until not only the exact 
siaructures of the crystals but also the degree of molecular association 
in the molten substances are better known. 

An alternation in most of the data in Table I is apparent as the 
homologous series is ascended, and is especially striking with the 
P-angles, which are always considerably smaller for odd-carbon than 
for even-carbon acids. The gentle alternation in the a and b 
cell-dimensions shows a tendency to die out as the molecular weight 
rises. 

With each crystal, reflexions from planes to the number of 
30 — 50 were identified upon the photographs. Owing to the clcmj 
similarity of all the a and b axial lengths, the rotation pbotograj^p 
about these respective axes were much alike among 
whilst the c axis photographs varied characteristically 
crystal. Reflexions from (110) and (200) were very stroi^.iwjl^fcf 
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out, and (211) fairly strong. In the even-carbon series, (210), which 
did not appear at all in the odd-carbon series, was also fairly strong. 
On the other hand, (Oil) appeared intensely in the latter but only 
faintly or not at all in the former series ; this confirms the structures 
in Kg. 2, where (Oil) planes in the odd-carbon series are seen to have 
a greater reticular density than (Oil) planes in the even-carbon series. 

Orders of (001) attained at most only moderate intensity and 
were represented by both odd and even orders, beginning with 
(001), in the even-carbon acids, but by even orders only, beginning 
with (002), in the odd-carbon acids. By a simple application of 
the structure factor of intensity, this disappearance of the odd 
orders indicates a division of the unit cell across c into halves of 
nearly equivalent reflecting power, and is what would be expected 
from the structure (Fig. 2) of odd-carbon acids. A minor sub- 
division of the c heights is caused by successive layers of the carbon 
atoms themselves in the plane of (001). The effect of this, again 
by operation of the structure factor, is well brought out in the c 
axis photographs, where remote hyperbolas (layer-lines) show a 
certain intensity after an interval of weak or unrepresented hyper- 
bolas. Thus, in adipic acid the 3rd and 4th hyperbolas are relatively 
strong, in suberic the 4th and 5th, in sebacic the 6th, and in the 
Cl8 acid the 8th and 9th. In pimelic acid the 8th hyperbola emerges 
strongly, in azelaic the 10th, and in brassylic the 14th. 

On scrutinising all the planes represented by X-ray reflexions, 
it was found that in no case is there a general halving in the (hH) 
series; hence the space-lattice is the simple lattice r,n. On the 
other hand, such planes as (100), (101), (300), etc., did not appear, 
but (200), (205), (402), etc., were frequent ; that is, (AO?) is halved 
when A is odd. Lastly, since (020) appears but never (010), we may 
conclude that the qpace-group is C7^. 

If the molecule is asymmetrical, four differently oriented molecules 
must constitute a unit cell. Such is the case with odd-carbon acids ; 
their molecules therefore must be without symmetry. In the case 
of even-carbon acids there are only two in the cell, and the molecule 
must have a centre of S 3 ntnmetry of its own which it contributes to 
the symmetry of the cell. From the structural formulae, it is easily 
seen how the one series of acids can have central symmetry and the 
other none, thus : 

HCH HCHHCH 

Odd:- 

HOgC HCHH(k COaH 
HCHHCH HCH COJE 

Evm: — 

HOjCf H(ffl; HQHHCH 
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Any straight line drawn through the centre of symmetry at X 
cuts equivalent atoms or groupings at opposite boundaries of the 
molecule when the carbon-atom number is even, but not when it is 
odd. Similar considerations apply, for example, to hydrocarbons ; 
and, indeed, it is found by Muller (Zoc. cit) that octadecane, OigHsgj 
has two molecules to the cell, but Cg^HgQ has four. All mono- 
carboxylic acid molecules may be expected to be as 3 rmmetrical and 
to form four-molecule cells. 

Some further points of similarity and contrast between the 
several acids may be gathered from Table II. 



Table II. 



Acid. 

d. 

ah sin jS. 

D. 

Gap. 

Adipic 

. 1-340 

36-18 

— 

3-70 

Pimelic 

1-313 

36*26 

— 

3*47 

Suberic 

. 1-270 

36-24 

2-56 

3-73 

Azelaic 

. 1-252 

36-22 

2-50 

3-47 

Sebacic 

. 1-240 

35-96 

2-48 

3*65 

Brassfylie 

. 1-173 

36-41 

2*50 

3-81 

Hexadecanedicarboxylie . . 

. 1-138 

36-20 

2-64 

3-62 

Mean 


36-21 

2*53 

3-63 


The densities are calculated by the relation d = h66MN jabc sin p, 
where M is the molecular weight and N the number of molecules in 
the unit cell. Values so found contain the errors of four separate 
experimental quantities, and are not precise enough to decide 
whether there is an alternation along the series ; if there is, however, 
it can be but shght. 

The quantity aft sm p x cm.^ expresses the area of a section 
of the unit cell taken, not along (001), but at right angles to the 
c axis, and is seen to be fairly constant. Moreover, all the long- 
chain aliphatic compounds hitherto examined, including bromo- 
stearic acid, show similar values for ab sin p, ranging from 35-8 to 
37*8 X 10^^® cm.^. This remarkable uniformity leaves it hardly 
doubtful that all the ciystals concerned are built up in the same way, 
tyfe., of parallel bundles of carbon-atom chains along the c axis, with 
ample space between them to accommodate hydrogen, oxygen, and 
other atoms. 

The lengths of the c axes in Table I would not permit a row of 
carbon atoms of diameter 1-54 A.U; to lie with their centres in a 
straight line; these atoms must therefore lie in zigzag formation 
along the chain. The unit cells of adipic and pimelic acids, on thin, 
hypothesis, are shown diagrammatically in Fig. 2, with the 
face or monoclinic plane of symmetry in the plane of the 1^^^' 
The ground-plans of the corresponding (001) or basal 
cell are given underneath. The molecules are shown as fiat 
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chains of carbon atoms, the angle of zigzag being not far from the 
tetrahedral angle. There is as yet no evidence as to the arrange- 
ment of the methylenic hydrogen atoms or of the groups of hydrogen 
and oxygen atoms which cluster at each extremity, and they are 
not shown in the figure ; in the case of even-carbon acids, however, 
we know that all these atoms must be disposed in harmony with the 
centro-symmetry of the molecule. 

Those molecules which lie half-way across the cell are drawn in 
dotted lines. Molecules B, in the case of even-carbon acids, are so 
disposed as to lie symmetrically both across a glide-plane and about 



Pimdio acid. Adipic acid. 


a screw-axis towards molecules A. In the odd-carbon cell, molecules 
B are reflexions of A, molecules C are derived by rotation from A, 
and molecules D are reflexions of C. The upper half of the cell is 
provisionally shown slightly displaced against the lower half in the 
a direction, on the analogy of the structure of CggHgo as worked out 
fay Miilier [Proc, Boy. Soc., 1928 A, 120 , 437), but space-group 
considerations alone afford no information as to this. The planes 
of the zigzag chains will not lie exactly parallel to (010) or (100), 
beeau^ the central molecule B would then be almost identical with 
A, in which case we should expect halvings of the (hM) planes in the 
Z-ray spectra. In Fig. 2 the projections of the molecules upon 
the base are shown inclined at an undetermined angle, which angle, 
or its symmetrical counterpart, must be the same for all molecules. 

The available da^ enable us to calculate the distance {D) between 
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successive carbon atoms on any one side of the chain — ^the wave- 
length, as it were, of the zigzag. By subtracting 2c of each even- 
carbon acid from 2c of adipic acid, and c of odd-carbon acids from 
c of pimelic acid, and dividing by the dijfference in the number 
of carbon atoms in the molecules, we obtain the required distances, 
which are stated in col. 3 of Table II. Although the results are only 
roughly constant, they point to a uniform mean distance, between 
centres of carbon atoms, of 2-53 A,U. Here again there is striking 
agreement with other crystal structures. For diamond, the corre- 
sponding distance is 2*52 A.U., whilst for the hydrocarbon C29H^ 
it has been evaluated (Muller, Zdc. cit,, 1928) as 2*537 A.U. 

Lastly, it is clear that in each crystal there must be a gap between 
successive molecules, measured in the line of the c axis, since the 
quotient cjn decreases as the molecules grow longer. This gap, as 
between centres of terminal carbon atoms, is found by calculating 
c — 2*53(% — l)/2 or c/2 — ■ 2*33(» — l)/2, and the results are given 
in the fourth column. If the diameter of the carbon atom be 
assumed to be 1*64 A.U., the mean gap of 3*63 A.U. between centres 
corresponds to a clear gap of 2*09 A.U., to the filling of which the 
oxygen and hydrogen atoms of two carboxyl groups must con- 
tribute. The extent of the gap is somewhat larger than that found 
for C29Hgo, 3*09 A.U. between centres, as might be expected 
when the molecule has carboxyl groups at each end. 

The author desires to express his indebtedness to Prof. J. P. 
Thorpe, P.E.S,, and to Mr. IT. K. Adam for courteous gifts of speci- 
mens, and to Sir William Bragg, F.B.S., for the interest he has taken 
in this work. 

Davy Faraday Laboratory, 

The Royaii Institution. [Received, October 1928.] 


CCCCXXXI. — The Condensation of DicMoroaceiaMer 
hyde with Phenols, 

By Febpebiok Basobl Chattawat and Alexasdeb Allah 

Mobkis. 


The new type of condensation between phenols and aldehydes 
leading to the formation of the dioxin ring (J., 1926, 2720 ; 1927, 
685, 2013 ; this vol., p. 1088) is not confined to chloral, but appears 
to be a general reaction of those aldehydes which can. be kept 
contact with concentrated sulphuric acid for some time wit 
decomposition. Dichloroacetaldehyde, for example, reaota^ 
j>-nitrophenol and phenol-p-sulphonic acid even more : 
chloral itself. 
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Thus "with jp-nitrophenol two molecules of the aldehyde condense 
with loss of one molecule of water, the final product being B-miro- 
2 : i’-bisdkhlorometh/Ul : Z-henzdioxin (I). 2To hydroxyl group is 
present in the molecule, since the compound does not dissolve in 
dilute alkali solution and can be recrystallised unchanged from 
boiling acetic anhydride. It contains the nitro-group unchanged, 
since this can be reduced to an amino-group which can be acetylated 
or diazotised and replaced, the dioxin ring remaining unbroken 
during these reactions. 

When the benzdioxin (I) is acted upon by alcoholic potash at 
50 — 60®, one molecule of hydrogen chloride is removed from one of 
the •CH'CHClg groups with formation of 6-ni^ro-2(or 4)-didiforo- 
met7iyl‘4:(oT 2)’Chloro7net7iylene~l : Z-benzdioxm (II). If the temper- 
ature is not controlled, reaction proceeds further with the formation 
of o-nitro-2-ethoxymandelic acid (IQ) as the final product, a 
reaction which establishes the constitution of the compound. 


CH-OHCl, 


\/0 „ 


Y'^QH-CHCaa 
A /O (H.) 
CrcHCi 

oA 


\CH(0H)>C02H 
CH-CHOa " (in.) 

Similarly, dichloroacetaldehyde condenses with phenol- 2 >-sulphonic 
acid, yielding 2 : ^’•hisdichlorometliyhl : Z-benzdioxin~6-sulphonic acid 
(IV), This compound behaves as a normal sulphonic acid. It is a 
colourless solid with no definite melting point and crystallises with 
one molecule of water. This molecule of water is probably attached 
to the sulphonic residue, since the ammonium salt is obtained in the 
anhydrous condition. 

T^en acted upon by phosphorus pentachloride, the sulphonic 
acid yields a sulphonyl chloride. This with methyl and ethyl alcohols 
yiel(^ esters, with ammonia a sulphonamide, and with aniline a 
sidphomnilide. 

The constitution of the sulphonic acid is similar to that of the 
condensation product (I), yielded by p-nitrophenol and dichloro- 
acetaldehyde, since both compounds on nitration yield 6 : %-dinitTo- 
2 : 4,-bisdkMoromethyl-l : Z-henzdioxin (V), 


CH-CHOlg 

(IV.) 


/O 

SH-CHCa, 


YH-CHCI, 

/O 

IH-CHCa. 
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When acted upon by alcoholic potash, the dinitro-compoiind (V) 
loses one molecule of hydrogen chloride with formation of 6:8- 
dimtro-i(ov 4:)-dicMor(>m€thjl'^{pT 2)-cMoromet7iylene-l : Z’henzdioxin 
0^). 

or 

The further action of alcoholic potash causes profound decom- 
position. 

Experimental. 

iy-NiirO’2 : 4:-biedi€hlorometJiyl-l : S-benziioxin (I). — Diehloroacet- 
aldehyde alcoholate (70 g, ; 2 mols.) was added slowly with shaking 
to a well-cooled solution of p-nitrophenol (30 g. ; 1 mol.) in 300 o.c. of 
concentrated sulphuric acid. The solution became warm and fumes 
of hydrogen chloride were given o£E while a viscid, yellow solid slowly 
separated on the surface. The mixture was kept at the ordinary 
temperature for 4 hours with occasional shaking and then poured 
over crushed ice. The viscid, brown solid obtained was freed from 
sulphuric acid by repeated washing with hot water and dissolved 
in boiling alcohol, in which it was readily soluble. On cooling, 
6-iiifra*2 : ^-bisdichloromeihyl-l : S-b&nzdioxin separated. It was 
freed from a little unchanged p-nitrophenol by washing with warm 
dilute ammonia and hot water and recrystallised several times from 
boiling alcohol, in which it was very soluble, separating in pale 
yellow, flattened, rhombohedral plates (23 g.), m. p. 113*5® (Found : 
0, 35-0; H, 2-1; ST, 4*1; Cl, 41-2; if, cryoscopic in benzene, 
S52, 357. C10H7O4NCI4 requires C, 34*6; H, 2*0; N, 4-0; O, 
40-9% ; if, 347). 

6-irffro-2(or ^-di(Mormn^hyl-4:{oT 2)-chloromethylme-l : 3~benz- 
dioxin (11). — 6-Jfitro-2 : 4-bisdichloromethyl-l : 3-benzdioxin (20 
g. ; 1 mol.) was gradually added to a solution of potassium hydroxide 
(24 g. ; 7 mols.) in 250 c.c. of alcohol kept at 50 — 60° by frequent 
cooling. The dark brown solution was then nearly neutralised with 
hydrochloric acid, the alcohol distilled off in steam, and the viscid, 
brown residue crystallised several times from alcohol and finally 
from chloroform-light petroleum. The Q-nUro~2{ov 4:ydicMoro- 
meihyl^i{oT 2)^chloTOineihyle7ie~l : Z-benzdioxin thus obtained 
separated from bofling alcohol, in which it was easily soluble, mr; 
slender, very pale yellow prisms, m, p. 108° (Found : 0, 

H, 2*0; N, 4*7 ; Cl, 34-2. CioHg04NCl3 requires 0, 38-6; 

JT, 4-5; 01, 34-3%). Although apparently unsaturated, 
pound does not form an addition product with bromine^ 
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Q-Nitro-2‘ethoxyniandelic Acid (III). — vigorous reaction took 
place when 25 g. (1 moL) of the nitro-compound (I) were added 
gradually to a hot solution of 30 g. (7 mols.) of potassium hydroxide 
in 250 c,c. of alcohol, the temperature rising and the solution darken- 
ing. The solution was gently boiled for 15 minutes and then nearly 
neutralised with hydrochloric acid and the alcohol was distilled off 
in steam. !Prom the filtered solution, strongly acidified with hydro- 
chloric acid, ether extracted 5-nitro-2-ethoxymandelio acid (6 g.), 
m. p. 138® after crystallising from hot water (compare Ohattaway, 
J,, 1926, 2724) (Found: C, 49-7; H, 4-65; N, 6-8. Calc, for 
CioH^iOgN : C, 49*8 ; H, 4-6 ; N, 5*8%). The acetyl derivative 
formed rhombic plates, m. p. 147® (compare Chattaway, ?oc, cit). 

6 - Amino -2:4- bisdichloromethyl -1:3- benzdioxin, — ^Iron filings 
(15 g. ; 3 mols.) were added in small quantities to a hot solution of 
30 g. (1 mol.) of the nitro-compound (I) in 250 c.c. of alcohol con- 
taining 66 c.c. (7 mols.) of 33% hydrochloric acid. The hot green 
solution was filtered, the alcohol removed partly by distillation and 
finally by evaporation on the water-bath, 100 c.c. of cold water were 
added to the solid residue to dissolve the iron salts, and on filtration 
the hydrochloride of 6-amino-2 : 4-bisdichloromethyl-l ; S-benzdioxin 
was left as a crystalline mass of small, colourless prisms (30 g.). 
After recrystallisation from boiling dilute hydrochloric acid, in 
which it was easily soluble, it melted and decomposed at about 210® 
(Found : Cl, 50*1. CioHgOgNCl^jHCl requires Cl, 50-2%). 

On wanning the hydrochloride with a dilute solution of sodium 
carbonate, 6 - amino -2:4- bisdichloromethyl -1:3- benzdioxin was 
liberated as a colourless solid, readily soluble in boiling dilute 
alcohol, from which it separated in thin, colourless, lustrous plates, 
m. p. 108-5 — 109-5® (Found : Cl, 44-8. CjoH^OgNCli requires Cl, 
44-75%). 

6-A€€tamido-2 : i-bisdicMorom^hyhl : Z-benzdioxin was formed 
with evolution of heat when the base was heated for a few minutes 
with acetic anhydride (slightly more than 1 equiv.), and the Qdiacet- 
awwto-derivative was formed when the base (2 g.) was boiled for 
5 minutes with acetic anhydride (10 c.c.) and one drop of concen- 
trated sulphuric acid. They separated from boiling dilute alcohol, the 
former in small compact prisms, m, p. 149 — 150® (Found : O, 39-5. 
CxgHi^OgNGl^ requires O, 39*5%), and the latter in small plates, 
m. p. 145® (Foxmd ; Cl, 35-35, C24HJ3O4NCI4 requires Cl, 35-4%). 

A solution of 2 : 4-bisdichloromethyl-l : 3-benzdioxin-6-diazonium 
chloride was formed when nitrous fumes were passed into a solution 
of 15 g. of the preceding hydrochloride in 50 c.c. of alcohol, through 
which a little dry hydrogen chloride had been passed, cooled to —6®, 
On addition of bromine di^lved in a saturated solution of potassium 
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bromide, 2 : 4:-bisdichloroimtTiyl-l : 3~benzdioxin-6-diaz(mium per- 
bromide separated as a canary-yellow solid. The perbromide is 
remarkably stable and crj’stallises unchanged from warm acetic 
acid, containing a Kttle free bromine, in small, compact, orange 
prisms which decompose with brisk evolution of bromine at 128 — 
129® (Found : (31 -f Br, 67*1. OioH702N2Cl4Br3 requires Cl + 
Br,67*l%). 

When boiled for some time with acetic acid, the perbromide 
decomposes with evolution of bromine, and from the concentrated 
cooled solution, 6 - bromo -2:4- bisdickhromethyl -1:3- hmzdioxin 
separates in small, colourless, lustrous plates, m. p. 91*5® (Found : 
Cl + Br, 58*1. Ci0B[7O2Cl4Br requires Cl + Br, 38*2%). 

2 : 4-Biadtc%Zoro9ne^%l-l : Z-benzdioadn-Q-sulpJionic Acid (IV), — 
To a well-cooled solution of 30 g. of phenol (1 mol.) in 300 c.c. of 
concentrated sulphuric acid, 102 g.of dichloroacetaldehyde alcoholate 
(2 mols.) were added slowly with stirring. After remaining at the 
ordinary temperature for 6 hours with occasional stirring, the mixture 
was poured over 150 g. of ice. The svdphonic acid, which separated 
as a white solid, was recrystallised from hot, dilute hydrochloric 
acid (yield, 40 g.), dried on the water-bath, and dissolved in boiling 
chloroform, in which it was only very moderately soluble j on 
addition of low-boiling petroleum it separated in minute, colourless 
prisms containing IH^O, m. p. 150 — 155° (deoomp.) (Found : 
C, 30*0; H, 2*5; S, 8*2; C5, 35*6. CioB[g05Cl4S,H20 requires 
0,30*0; H,2*5; S,8*0; a, 35*5%). 

The monohydrated acid is very soluble in water, acetic acid, 
alcohol, and ether, and very sparingly soluble in benzene. When 
heated at 105 — 110°, it slowly decomposes. It forms an anhydrous 
ammonium salt, which separates from a dilute solution of ammonia 
in extremely small, colourless prisms (Found; N, 3*5; S, 8*4; 
a, 36*6. C10HHO5NCI4S requires N, 3*5; S, 8*05; a, 35*55%). 

6 : S-Dinitro-2 : A-bisdicMoromethyl-l : Z-benzdioxin (V). — ^To 20 g. 
of the monohydrated acid suspended in 40 c.c. of concentrated 
sulphuric acid, a mixture of 40 o.c. of nitric acid (d 1-5) and 40 c.c. 
of nitric acid (d 1*41) was added slowly with shaking. Heat was 
evolved and an emulsion of oily drops was formed. After vigorous 
shaking for 10 minutes the emulsion was poured into a mixture of 
ice and water ; a semi-solid mass then separated which solidified on 
cooling. This was crushed and washed with warm water, dried on 


the water-bath, and dissolved in alcohol, in which it was easjlfe 
soluble and from which it separated in small, compact, 
yellow prisms, m. p. 133*5 — 134-5° (Found: if, 7-1; 
requires 7*15 ; (31, 36*2%). 

6 : %-Dinitro-2 : ii-hi&dichhTom/eihyhl : 2-benzdioxin idw^i® 
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the above compouad in every way was obtained when 6-mtro- 
2 ; 4-bisdichloroinethybl : 3-benzdioxui (I) was nitrated in the same 
manner. Unlike the analogously constituted 8 : 8-dinitro-2 : 4- 
bistrichloromethvM : S-benzdioxin (compare Chattaway and 
Morris, J,, 1927, 2013), it does not form polymorphic modifications. 

6 : 8-2)tntVro-2-(or 4)-dici?ommei%Z-4(or 2)-cMoromeihylene-l : 3- 
benzdioxin (YI). — ^Potassium hydroxide (1*5 g.; 1 moL), dissolved 
in 10 C.C. of alcohol, was added to a hot solution of 10 g, of the 
preceding dinitro-compound (1 moL) in 100 c.c. of alcohol. An 
immediate rose-red colour was developed which quickly changed to 
brown. The mixture was gently warmed on the water-bath for a 
few minutes, a little water added, and the alcohol distilled off in 
steam ; a viscid, reddish-broTO solid then separated. By repeated 
crystallisation from smaU quantities of alcohol, 6 : S-dinitro-2(oT 4)- 
dichIx)romeihyl-4r(oT 2ychlorometkylene-l : 3-benzdioxm was obtained 
in w’eU-formed, yellow rhombohedra, m. p. 144° (Found : C, 34-3 ; 
H, 14 ; 7-93 ; Cl, 29-8. requires C, 33-8 ; H, 14 ; 

N, 7*9; 01, 29*9%). Like 6-nitro-2(or 4)-dichloromethyl-4(or 2)- 
chloromethylene-1 : 3-benzdioxm (H), it does not form an addition 
product with bromine. 

2 : i-BisdichloromethyUl : Z-benzdioxinS-$tdphonyl Chloride , — ^The 
monohydrated acid (24 g.) and powdered phosphorus pentachloride 
(30 g.) were mixed and warmed on a water-bath for a few minutes, a 
brown oil being formed. This was poured slowly over ice. The 
svlphonyl chloride, which separated as a colourless solid, was dissolved 
in ether, from which, on addition of low-boiling petroleum, it 
separated in small, lustrous, colourless prisms, m. p. 105 — 106° 
(Found : Cl, 43-85. CioH704Q5S requires Cl, 44-3%). 

When boiled with any alcohol, it reacts readily and yields the 
corresponding alkyl sulphonate. Methyl 2 : 4cMadichloromethyh 
1 : 3’benzdioxin-6-svI>phonate separates from boiling methyl alcohol 
in lustrous flattened prisms, m. p. 110 — 111*5° (Found : Cl, 36*0. 
C11H10O5CI4S requires Cl, 35*8%), and the ethyl ester from boiling 
ethyl alcohol in small, compact prisms, m. p. 148 — 149*5° (Found : 
Cl, 34-6. C12HJ2O5CI4S requires Cl, 34*6%). 

The sulphonyl chloride also reacts readily with ammonia and with 
aniline in boiling alcohol to form the mlphommide and the avlpbmi- 
anilide, which separate from boiling dilute alcohol in small, silvery 
prisms, m. p. 175-5° (Found: Cl, 37-0. CioH904lfCl4S requires 
d, 37-2%), and in small, colourless prisms, m. p. 166 — 167° (Found : 
N, 315; a, 30-9. C14H13O4NCI4S requires N, 3-1; Cl, 31-0%), 
respectively. 

The Qt7EEH*s Coxxeoe, Oxfoed. 


ISeceive^, Ndvember $th, 1928 .] 
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CCCCXXXII . — Preparation of Diethylaminoeihanol 
Esters of Diphenyl-^-carhoxylic Acid and Derivatives. 

By Peank Beix, 

Eobeets A2SD JoHKSOX (J, Amer. Chem. Soc,, 19253 47, 1399) have 
directed attention to the marked anaesthetic action of diethyl- 
aminoethyl diphenate, and it vras thought of interest to make the 
diethylaminoethyl esters of several related carboxylic acids. 

Diphenyl-2-carboxylyl chloride reacted with diethjiaminoethyl 
alcohol to give an ester hydrochloride with a well-marked anaesthetic 
action. The chlorides of diphenyl-4-carboxylic^ fluorenone-4-carb- 
oxylic, and 2'-c3"anodiphenyl-2-carboxylic acids furnished esters of 
perceptible but smaller action. 2' -Cya7iodiphe7iyl-2-carboxylyl 
chloride was obtained together with about 10% of diphenimide by 
the action of thionyl chloride on diphenamic acid (compare the 
action of thionyl chloride on diphenic acid; J.. 1927, 1698). 

9eH4-C02H 9eH4-COa , 96H4-C0>^NH 

CeH^-COXHo CeH^-CN CeH4-C0^ 

Diphemd-2-carboxyljd chloride shows a great tendency to change 
into fluorenone during distillation. On the other hand, diphenoyl 
dichloride seems quite stable, although its boihng point is almost 
50° higher. 2'-Cyanodiphenyl-2-carboxylyl chloride decomposed to 
only a slight extent ; the 4-cyanofluorenone produced was found in 
the distillate. The considerable stability of this acid chloride is of 
interest, because the convenient process for obtaining 4-cyano- 
fluorenone by the action of phosphorus pentachloride on phen- 
anthraquinone monoxime (Borsche and Gander, Ber., 1914, 47, 
2818) must depend on its intermediate formation. 

Expeeimektal. 

Diphenyl-2-carboxylyl chloride was obtained as a pale yellow 
liquid, b. p. 163°/10 mm., when a solution of diphenyl-2-carboxylic 
acid in wann thionyl chloride was distilled in a vacuum (Found : 
0, 72-0; H,4-l. Calc. : 0, 72-1 ; H, 4-2%) (compare Schlenk and 
Bwgmann, Animlen^ 1928, 464, 33). In two subsequent esperi^ 
ments the chloride decomposed completely during distillation with 
the formation of pure fluorenone. Bretscher, Rule, and Spence 
(this voL, p. 1502) have apparently had the same experience and 
are inv^tigating the reaction in detail. : 

Interaction of this chloride and 2-ammodiphenyl in pyriatt^ 
solution gave the corresponding amide, which crystallise^^P^ 
acetic add in needles, m, p. 194° (Found: 0, 
requires 0, 85-9; H, 54%). 
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DiethylaminoeiJiyl Di:phenyU2 - carboxylate, — Diethylaminoethyl 
alcohol (5 g.) was added to a solution of the acid chloride (9*2 g.) 
in benzene (20 c.c.). The semi-solid product was warmed on the 
water-bath for J hour and evaporated in a vacuum, and the residual 
gum dissolved in cold water. The base was liberated with ammonia, 
extracted vith ether, and distilled in a vacuum, giving a colourless 
liquid, b. p. 183°/1 mm., which contained some impurity (Found : 
C, 75*9; H, 7*6. C19H23O2N requires C, 76*8; H, 7*8%). It was 
treated in dr^^ ether with hydrogen chloride (slightly less than the 
theoretical amount), the hydrochloride of diethylaminoethyl diphenyl- 
2-carboxvlate being precipitated as a -white powder, m. p. 109 — 110° 
(Found ThGI, 11*0. Ci9H230aN,HCl requires HCl, 10*9%). This 
hydrochloride is slightly hygroscopic, dissolves in a small amount 
of water to give a clear solution which becomes milky on dilution, 
and is markedly anaesthetic to the tongue. 

Dietliylam inoethyl Diphenyl - 4 - carboxylate. — i - Methyldiphenyl 
(Gomberg and Pemert, J. Amer, Chem. 80 c,, 1926, 48, 1375) was 
converted hy oxidation with 2% aqueous permanganate solution 
(Jacobson, Ber,, 1895, 28, 2547) into the corresponding acid, and 
this into the acid chloride (m. p, 114°) by thionyl chloride. When 
the acid chloride (4*6 g.) in benzene was treated with diethyiamino- 
ethyl alcohol (2*5 g.), a crystaffine deposit was immediately obtained ; 
the reaction was completed by warming the mixture for | hour. 
The product was collected and dissolved in water, impurities were 
removed by extraction vith ether, the base was liberated with dilute 
sodium carbonate solution and extracted -with ether, and the extract 
was dried with sodium sulphate and treated vuth hydrogen chloride, 
the hydrochloride of diethylaminoethyl diphenyl-4-carboxylate being 
precipitated as a white powder, m. p. 183° (Found : HCl, 11*2. 
CigHaaOaJfjHCl requires HCI, 10*9%). This hydrochloride is ex- 
tremely soluble in water, but the solution becomes milky on dilution. 

2' •Cya 7 iodiphenyl’ 2 -carboxylyl Chloride. — ^Diphenamic acid (16*7 g.) 
and thionyl chloride were warmed together for J hour and the 
resultant solution was evaporated in a vacuum. A solution of the 
residual paste in a little benzene wrs filtered from the needle crystals 
of diphenimide (1*5 g.), m. p. 217 — ^219°, and diluted with light 
petroleum, 2 ' -cyanodiphenyl~ 2 ~carboxylyl chloride being precipitated 
as a white powder, which crystallised from carbon tetrachloride in 
stout prisms (10*6 g.), m. p. 84° (Found : C, 69*8 ; H, 3*2. Ci^HfiONCl 
requires C, 69*6; H, 3*3%). On heating in a vacuum, it gave a 
pale yellow distillate, b. p. 222°/15 mm., containing about 3% of 
4-eyanoflucTOione, which remained undissolved by treatment with 
warm ether and then crystallised from alcohol in long, yellow 
needles, m. p. 243—^° (Borscfae and Sander, loc. cii., -give 240°). 
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Alternatively, the distillate was dissolved in warm sodium hydroxide 
solution; the 4-cyanofluorenone remained undissolved, and the 
filtered solution, when poured into dilute hydrochloric acid, gave 
2'-cyanodiphenyl-2-oarboxylic acid, which crystallised from alcohol 
in stout needles, m. p. 173° (Werner and Siguet, Ber., 1904, 37, 
4311, give 170—172°). 

Diethylaminoethyl 2''*oyanodiphenyl-2-carboxylate w^as prepared 
in a similar way to the diphenyl-4-carboxylate. The hydrochloride 
was obtained as white plates, m. p. 189° (Found : HCl, 10-3. 
C2 oH 2202N2,HC1 requires HCl, 10-2%), not hygroscopic though 
moderately easily soluble in water. 

Wellcome Chemical Keseabch Labobatobies, 

London. [RecBived^ October 24tth, 1928.] 


CCCCXXXni, — The Interaction of Piferidine with 
Nitro- and Halogenonitro-derivatives of Xanthone 
and Dipkenylene Oxide. 

By Raymond James Wood Le FIjvre. 

The interaction of various ethers with piperidine (Le F6vre, Saiuiders, 
and Turner, J., 1927, 1168) suggested a method of comparing the 
strengths of attachment of radicals to the ethereal oxygen atom. In 
a similar way attempts have now been made to compare the activities 
of the ethereal oxygen atoms In diphenyl ether, xanthone, and 
diphenylene oxide. Owing to the stability of the parent substances 
the interactions of analogously constituted dinitro-derivatives (the 
nitro-groups being in each case in the ^-positions to the ethereal 
oxygen atom) with piperidine were examined, and the following 
observations were made. 

3 : 6-Dinitrodiphenylene oxide was recovered unchanged after 
several hours’ boiling with piperidine or aniline, a- and p-Dinitro- 
xanthones readily combined with piperidine in the cold, giving 
unstable yellow substances which, after a few hours’ heating at 100°, 
became yellowish-orange piperidino-compounds (I). The piperi- 



dino-derivative from a-dinitroxanthone was not obtained in the pure 
state — ^a fact explained by the observation that 5 : 
2'-piferidim-2-hydroiiiyybe%^ (I) lost piperidine at its 
point, the original dinitro-compound being regenerated^ 
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observations that p-dinitroxanthone could be recoA^ered unchanged 
from boiling aniline, and tetranitroxanthone from, boiling piperidine 
(in both cases coloured addition compounds were formed in the 
cold), may similarly be explained by decomposition of the respective 
expected products at temperatures lower than the boiling points of 
the reagents. 

The interaction of piperidine with 4 : 4'-dinitrodiphenyl ether was 
fairly rapid and led to normal scission products (Le Fevre, Saunders, 
and Turner, loc. ciL), 

Tetrabromodinitroxanthone (Dhar, J., 1916, 109, 747) reacted 
only slowly with piperidine. 

In the hope of revealing the orienting influence of oxonium 
oxygen the dinitration of 2 : 7-dibromoxanthone was examined. 
The crude dinitration products obtained by the action of nitric acid 
in acetic acid and in excess of sulphuric acid were boiled with 
piperidine. Neither product yielded a perceptible quantity of 
piperidine hydrobromide, but instead 3 : 3'-dibromo-5 : 6'-dinitro- 
6-piperidino-6'-hydroxybenzophenone was formed. Therefore 
either oxonium salt formation does not affect nitration in this 
instance or sulphuric acid solutions of xanthones contain little 
quadrivalent oxygen. Since the xanthone structure does not 
hinder the norm^ activation of ethereal oxygen by o-nitro-groups, 
the possibility that in the above example nitro-groups in the 
3 ; 3'-positions could not render bromine atoms in the 2 : 2'-positions 
labile is small. 

Expebimee-tal. 

Adim of Pip&riMm on a- md ^-Diniiroxanthones. — The dinitro- 
xanthones (Dhar, loc. cit) were crystallised from phenol-alcohol. 

(1) When a-dinitroxanthone (2 g.) was covered with piperidine 
(10 c.c.), a bright yellow substance was formed. (If isolated, this 
lost piperidine and became almost colourless.) The mixture, after 
5 hours* heating on the water-bath, gave a deep red solution, from 
which, on dilution with water, an amorphous, yellow powder was 
obtained which could not be crystallised (Found : N, 10-8 — 11*1% 
in different samples). 

(2) ^-Dinitromnthone. The preliminary development of colour 
was not so strong as in the preceding case and the yellow compound 
dissolved much more slowly. After 10 hours’ heating at 100° the 
mixture was worked up as described above ; the 5 : y^dinitro- 
2'-]piperidim-2-hydroxybenzophenone (I) obtained crystallised from 
acetic acid in yellow prisms, m. p. (rapid heating) 155° (Found : 
N, 114. CisHi^O^Ng requires N, 11*3%). 

When heated slowly, the substance melted at about 150° and 
changed to a red solid, which became yellower and finally melted at 
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about 250° to a brown liquid. 4 G. of (I) were therefore heated at 
200°. Piperidine was evolved. The brown product was repeatedly 
extracted with boiling acetic acid and obtained as a cream-colomed 
powder (Found : N, 9-9. Calc., N, 9-8%), m. p. 260 — 262° (alone 
or mixed with p-dinitroxanthone). 

5 : 5'-Dinitro-2*~piperidino-2-acetoxpbenzophenone was prepared 
by refluxingthepiperidino-compoundin acetic acid-acetic anhydride, 
containing aiihydrous sodium acetate, until the solution was almost 
colourless ; it was precipitated by water, and crystallised from acetic 
acid in small needles, m. p. 253 — ^256° (Found: IT, 10*8, 
CgoHigO^Ng requires N, 10 * 2 %). 

Action of Aniline on ^-Dinitroxanihone, — ^When 10 g. of p-dinitro- 
xanthone and 36 g. of aniline were mixed in the cold, a red addition 
compound formed. After 4 hours* boiling, however, p-dinitro- 
xanthone, m, p. 261 — ^262°, was recovered (Found : N, 10*0%). 
Similar results were obtained with methyl aniline and o-tohndine. 

Dinitration of 2 : 7-Dibromoxanthone, — {a) To 1 g. of dibromo- 
xanthone, dissolved in 25 c.c. of concentrated sulphuric acid, 
4 c.c. of nitric acid {d 1*5) were added ; small needles soon began to 
appear. Cold water was then added and the product was collected, 
boiled with hot water, and dried on the water-bath ; m. p. 208 — ^214° 
(Found : N, 7*0. Calc, for Ci 3 H 40 eN 2 Br 2 : IT, 6*3%). The 
product reacted readily with piperidine, giving an oily piperidino- 
compound. The aqueous extracts of the reaction mixture contained 
no bromine preoipitable by silver nitrate. ( 6 ) A solution of 1 g. 
of dibromoxanthone in 20 c.c. of nitric acid {d 1 * 5 ) and 20 c.c. of 
glacial acetic acid was wanned at 90° for 6 hours. The product, on 
treatment with piperidine, gave the same result as before, the absence 
of nltro-groups in any of the 1 : 3 : 6 : 8 -positions being thus 
indicated. 

2 : l-Dibromo-4: : Q-dinitroxanihone was prepared by allowing 3 g. 
of dibromoxanthone to dissolve in 60 c.c. of fuming nitric acid at 
about 60°. The product was isolated in the usual way ; after being 
extracted with a little benzene and crystallised from much benzene, 
it had m. p. 266 — 266° (Found : N, 6*4. C 23 H 40 gN 2 Br 2 requires 
N, 6'3%). The action of piperidine on it gave a gummy product 
which could not be separated. 

Nitration of ^-Dinitromnthone, — solution of 10 g. of the dinitro- 
compound in 100 c.c. of sulphuric acid and 100 c.c. of fuming nitric 
acid’ was heated on a water-bath for 3 hours. Dilution with water 
then gave 2:4:5: l-^tetranitromTUhone as a white powder, 
molten at 300° (Found : N, 14-8. C 13 H 4 O 10 N 4 requires IT, 14*9^^! 

Action of Piperidine ow 2 : 4 : 5 i^l-Tetmnitromnthone, — 
reactants were mixed in the cold a bright red colour But 

5v 
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after the miNtiire had been heated for 8 hours at lOO'*, the tetranitro- 
compound was recovered (Found : N, 15*0%). 

Piperidine reacted vigorously with 6-nitropiperonal, giving a tar 
from which no individual was isolated. 

The author wishes to acknowledge the receipt of a grant from the 
Chemical Society which has helped to defray the cost of the materials 
used in this investigation. 

The Ralph Pobsteb Labobahobies op Obgahic CJHEMisrBYi 

XJjuvEBsrry CouiiEGB, Lohboh. [Becdved^ Octd)er ZOth, 1928J 


CCCCXXXIV . — Researches on Residual Affinity and 
Co-ordination. Part XXXI. Molyhdyl Bis-^di- 
ketones. 

By Gilbert T. Morgan and Reginald Arthur Salter Castell. 

Chemical literature contains references to two molybdenum 
derivatives of acetylacetone (Beilstein, 1918, Vol. I, p. 783) : 
molybdous acetylacetone, formulated as Mo(C5H702)2 by Gaoh 
{MomtsJh., 1900, 21, 112), and molybdyl bisacetylacetone, 
Mo 02(C5H702)2, first prepared by Rosenheim and Bertheim (Z. 
omxrrg. Chem,, 1903, 34, 439). The composition indicated by Gach 
for compound is extremely improbable, as his method of pro- 
duction is very similar to that employed by Rosenheim and Bertheim 
and in both experiments the starting material is some form of 
molybdenum trioxide. These two preparations have now been 
repeated and both products have been completely analysed and 
found to be identical. 

In spite of the reducing action of acetylacetone on molybdenum 
trioxide and its hydrates, this reduction is subsidiary to the con- 
densation occurring between unreduced trioxide and the diketone. 

We have not been able to confirm the existence of molybdous 
acetylacetone, Gach’s compound being undoubtedly molybdyl 
bisacetylacetone. The coU'^nsation has been shown to be a 
general reaction by the preparation of other molybdyl bis-p-dike- 
tones. Interaction occurs between molybdenum trioxide and such 
yi{duitic diketones as propionylaoetone, dipropionylmethane, and 
3-ethylaeetyIacetone, and also with benzoylacetone and dibmizoyl- 
methane containing aromatic radicals. Determinations of valency 
by Wardlaw’s method (J., 1923, 123, 969) show in all cases the 
presence of sexavalent molybdenum. 

The discovery of a new hydrated molybdenyl monochloridle by 
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Wardlaw and Wormell (J., 1924, 125, 2370) afforded an opportunity 
of obtaining an acetylacetone derivative containing molybdenum 
in a lower state of oxidation, and by this means a hydrated 
mdybdenyl acetylacetone, MoO(C5H702),2|H20, has been realised. 

[Experiments made with molybdenum pentachloride and 
molybdenum oxysulphate, Mo203(S04)2j showed that the tendency 
for quinquevalent molybdenum to yield acetylacetone derivatives 
is comparatively slight, although a green cohipound having the 
composition Mo02(C5H702) was obtained by the aerial oxidation 
of molybdenyl acetylacetone. 

Expbbimental. 

Mdlyhdyl Biscmtylaceione, Mo02{Me*C0*CH*C0Me)2. — On analys- 
ing the yellow substance prepared by the interaction of molybdenum 
trioxide and acetylacetone, Gach obtained Mo, 32-90%, correspond- 
ing with Mo{C 5H702)2 j which requires Mo, 32-65% ; the proportions 
of carbon and hydrogen were not determined by him. The prepar- 
ation was repeated by leaving molybdenum trioxide and acetyl- 
acetone in a closed vessel for 4 days; yellow crystals had then 
appeared among the trioxide, which meanwhile had undergone 
slight reduction to the oxide. These crystals were dissolved out by 
alcohol and crystallised repeatedly from this solvent. The com- 
pound, which was also soluble in chloroform, benzene, toluene, or 
acetone to yellow solutions, was insoluble in water, ether, or light 
petroleum; it melted at 175® and decomposed above 230® (Found : 
C, 36-8; H, 4-0; Mo, 29-1. Calc, for Ci(>Hi406Mo : 0, 36-8; H, 
4-3 ; Mo, 29-5%). A valency detennination by Wardlaw’s method 
showed that the molybdenum present was sexavalent and not 
bivalent. 

The preparation was modified by heating together under reflux, 
in a stream of carbon dioxide, 7 g. of molybdenum trioxide, 10 g. 
of acetylacetone, and 20 c.o. of alcohol. The trioxide gradually 
became blue by reduction and the liquid assumed a dark green 
colour. On cooling, golden-yellow crystals separated which were 
picked out from co-precipitated blue oxide and recrystallised from 
alcohol. The green mother-liquor yielded further crops of crystals 
(Found : Mo, 29-3%). 

Rosenheim and Bertheim (2bc. cit) condensed acetylacetone in 
alcoholic solution with either powdered molybdic oxide dihydrate, 
dimethyl molybdate, or oxalomolybdic acid ; on boiling for a 
time, yellow microscopic crystals separated: Complete 
of this preparation gave data corresponding with Mo02(GgHd&^i^ 

For comparison with the compound described by Gacit^fe^?e- 
pared molybdic trioxide dihydrate by adding successive^ 
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solution of ammonium molybdate, 30% nitric acid, and ammonium 
nitrate until the solution contained 10% of this salt. After 8 days 
a small amount of dihydrate had separated, and precipitation was 
hastened by scratching the sides of the containing vessel (Found : 
Mo, 53-2. Calc, for Mo03,2Ha0 ; Mo, 63*3%). Six grams of this 
dihydrate were heated for 4 hours with 7 g. of acetylacetone in 
alcoholic solution. The solution, filtered from blue oxide, yielded 
canary-yellow crystals insoluble in water but soluble in acetone, 
acetylacetone, benzene, or chloroform. From these media the 
product crystallised in six-sided plates melting at 176® and decom^ 
posing above 230® (Found : C, 36-7 ; H, 4*0 ; Mo, 29*5%). A mixed 
melting-point determination with the preparation from Gach’s 
experiment showed that the two products were identical. In both 
experiments a portion of the trioxide was reduced to blue oxide, 
which, when suspended or dissolved colloidally in the yellow alcoholic 
solution, rendered this liquid green. If the product is crystallised 
from this solution, it may become contaminated with blue Mo^Og, 
only 8% of which would be required to give a molybdenum content 
of 32-90% corresponding with Gach’s determination of the metal. 
Moreover, this impurity in the molybdyl bisacetylacetone induces 
thermal decomposition at a temperature much lower than the 
melting point of the pure substance. 

Molybdyl Biapropimylacetofm, Mo02(Et*COCH*COMe)2. — ^When 
molybdenum trioxide (1*4 g.) and 2-2 g. of propionylacetone were 
heated together on the water-bath, a viscid mass resulted which was 
washed with ether and dissolved in chloroform ; the product was 
precipitated from this solution by addition of light petroleum. 
When crystallised from alcohol, the substance separated in small, 
brown, rhombic crystals melting at 185®, whereas from hot chloro- 
form more fusible green crystals separated (m. p. 130°). The 
comj^nd was soluble in alcohol, ohlorofonn, benzene, or acetone, 
but insoluble in water, ether, or light petroleum (Found : C, 40*5 ; 
H, 5-3 ; Mo, 27-0. Ci^igOgMo requires C, 40*7 ; H, 6*1 ; Mo, 
27*2%). 

Mcd/^tdyl Bisdipropionylmdhatie, Mo02(Et*CO‘CH*COEt)2. — 
mixture of 1*4 g. of molybdenum trioxide and 2*6 g. of dipropionyl- 
methane was heated until the trioxide had disappeared. The 
browax, viscid mass was washed with ether and exacted with 
alcohoi The alcoholic solution gave brown, six-sided plates, 
m. p. 78®, which were soluWe in alccdiol, acetone, ehlm:ofc»rm, 
benzene, or toluene (Found: 0, 44*26; H, 6*9; Mo, 25*4. 
requires C, 44*0; H,5*8i Mo, 26*1%). 

MiAy^l IfoOg^e-CiO'GEt^COMe}^.— -On 

heating together molybdenum trioxide and 3-ethylaoetyla^tcmei 
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the mixture became brown and set to a viscid mass. Extraction 
as in previous examples removed a brown, crystalline solid, soluble 
in alcohol, acetone, chloroform, or benzene (Pound : 0, 43*3 ; 
H, 5-1; Mo, 25-8. CiiHgaOeMo requires 0, 44-0; H, 6-8; Mo, 
26-1%). 

Molybdyl Bisbenzoylacetone^ Mo02(Ph*CO*CH*COMe)2. — mixture 
of 1*5 g. of molybdenum trioxide and 3-25 g. of benzoylaoetone was 
warmed on the water-bath until the oxide had disappeared ; the melt 
was then allowed to cool to a viscid mass. This, after being washed 
with ether, was extracted with alcohol ; the extract yielded brown, 
rhombic crystals, m. p. 98®, soluble in acetone, chloroform, benzene, 
or toluene, but insoluble in water^ ether, or light petroleum (Found : 
0, 53*8; H, 4-1; Mo, 21*3. * CgoHigOeMo requires C, 53*3; H, 4*0; 
Mo, 21-3%). 

Molybdyl Bisdibenzoylmethane^ Mo02(Ph*CO*CH*COPh)2. — On 
heating together 1*6 g. of molybdenum trioxide and 4*6 g. of 
dibenzoylmethane, a dark brown solid resulted which was washed 
successively with ether and alcohol, and the residue extracted with 
chloroform. From the cold extract a substance separated in light 
brown needles, m. p. 112®, soluble in alcohol, acetone, benzene, 
and toluene, but not in water, ether, or light petroleum (Found : 
C, 62*1 ; H, 4*3 ; Mo, 16*6. C3oH220eMo requires 0, 62*7 ; H, 3*8 ; 
Mo, 16-7%). 

Mdybdmyl AcBiylacetom^ MoO(Me*CO*CH*COMe),2|H20. — ^By 
heating together for several hours 1*6 g. of molybdenyi chloride, 
MoOCl,4B!^0 (Wardlaw and Wormell, foe. and 1 g. of acetyl- 
acetone in alcoholic solution, a deep red liquid was obtained which 
on evaporation furnished brown, cubical crystals of hydrated 
molybdenyi acetylacetone. This product was recrystallised from 
alcohol and dried out of contact with air. It was soluble in water, 
but insoluble in anhydrous organic media. The dark red solution 
in alcohol or water was decolorised by dilute acids or alkalis ; warm 
potassium ferrocyanide developed a yellowish-green fluorescence 
which changed to greenish-blue on cooling. The aqueous solution 
reduced cold silver nitrate and a valency determination indicated 
tervalent molybdenum. The compound decomposed indefinitely 
at about 150® (Found: C, 23*6; H, 4*2; Mo, 37*2; HgO, 17*7. 
C 5 H 70 ^o, 2 P 20 requires 0, 23-4; H, 4*7; Mo, 37*6; HgO, 
17-6%). The water was estimated by heating the compound 
at 120® in a stream of nitrogen, the water evolved being collected 
in sulphuric acid. 

In an endeavour to estimate the water by difference the 
pound was heated in the air at 120® ; oxidation occurred slowfyyb.d 
a green residue was left. This substance, which was hygtosoopSc to 
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air, decomposed at 150"^ and dissolved to a green solution in water, 
alcohol, chloroform, or benzene (Found : C, 26*3 ; H, 3 * 8 ; Mo, 
42*7. O 5 H 7 O 4 M 0 requires C, 26*4; H, 3*1; Mo, 42*3%). Aocord- 
ingly these data correspond with a derivative of quinquevalent 
molybdenum. 

The authors desire to thank the Birmingham University Research 
Committee for a grant which has helped to defray the cost of this 
investigation. 
trmvEBSiTY OF Birmingham, 

Edgbaston. [Beceived, November 3rd, 1928.] 


CCCCXXXV . — The Inhibition of Chemical Reactions. 
Part II. The Mechanism of the Inhibition of 
Esterification by Alkaline Substances. 

By KENisrETH Claude Bailey. 

The author has recently demonstrated (this vol., p. 1204) that the 
reaction of ethyl alcohol and acetic acid takes place in two ways, 
(a) in the body of the liquid, and (5) on the surface of the containing 
glass vessel, and that the reaction of type ( 6 ) is inhibited by the 
presence of a trace of pyridine (one part or less per 10,000 parts), 
whilst the reaction of type (a) is only slightly affected, even by the 
addition of much larger quantities of pyridine. 

The following mechanism is suggested. The surface of the vessel 
contains a number of active areas, at which pyridine molecules are 
adsorbed. Molecules of alcohol and acid, possessing sufficient 
energy to react, come into contact on an active area, forming a 
complex. In the absence of an inhibitor, this complex undergoes 
re-arrangement and breaks up into water and ethyl acetate. If a 
molecule of pyridine is present on the glass surface immediately 
beside the alcohol-aoid complex, it attracts the acetic acid, with- 
draws it from the complex, and returns with it into the solution as 
pyridine acetate which dissociates, regenerating pyridine and acetic 
acid. 

Ji we assume that a considerable proportion of the added pyridine 
is adsorbed on the surface, alcohol-acid complexes which form in the 
body of Hlb liquid, with sufficient energy to react, are unlikely to 
meet a pyridine molecule when this base is present in small con- 
centratioaa, and reaction of type (a) is therefore scarcely affected. 

, ajds hypothesis, according to which the function, of pyridine as an 
inbifal^r depends on its nature as a weak base, has been tested by 
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experiments on the effect of quinoline, piperidine, ammonia, sodium 
hydroxide, benzyl chloride, 7W-cresol, benzene, chloroform, and 
hydrogen chloride on the reaction of ethyl alcohol and acetic 
acid. 

Hydrogen chloride acted, of course, as a powerful positive catalyst, 
and was included as a control. Benzyl chloride, m-cresol, benzene, 
and chloroform either encouraged the reaction slightly or had no 
pronounced effect. Quinoline, piperidine, ammonia, and sodium 
hydroxide gave curves of exactly the same type as pyridine. The 
inhibiting action became more marked with increase of basic 
strength in passing from quinoline to p3n:idine and thence to piper- 
idine, which almost completely inhibited reaction of type (6) in a 
concentration of about 1 in 30,000. The action of ammonia was 
rather less marked, and that of sodium hydroxide still less marked. 
This was no doubt due to the fact that these inorganic bases 
existed in solution as acetates to a greater extent than the organic 
bases. 

The present interpretation, if correct, indicates that sodium and 
ammonium acetates, present in low concentration in alcoholic acetic 
acid solution, are highly dissociated on the glass surface, the basic 
constituent being adsorbed. Dissociation by adsorption has been 
observed by Bartell and Miller (J. Arrier, Ohem. 8oc,, 1923, 45, 
1106), Miller (ibid,, 1924, 46, 1160) and others. 

Experimental. 

•The reaction mixture, which consisted of 9*275 mols. of ethyl 
alcohol per mol. of acetic acid, was placed in a specific gravity 
bottle of 25 c.c. capacity, closed by a ground-glass stopper with 
capillary aperture. This was completely filled and inverted in a 
wide test-tube containing solution of the same composition. The 
test-tube was closed by a loosely-fitting cork stopper and placed in 
an incubator at 43®. Five bottles of similar type were used, and as it 
had been shown by preliminary experiments that they gave almost 
identical esterification velocities, it was assumed that they possessed 
surfaces of equal activity. 

Four or five mixtures, of which one was a control and the others 
contained varying amounts of inhibitor, were placed in the incubator 
simultaneously, so that slight variations of temperature affected 
equally all solutions of a series. At the close of an experiment the 
solutions were removed simultaneously, poured into cold water, a;^ 
analysed as rapidly as possible. 

In the table, esterification during 20 hours at 43® in absen<^ ^F^ 
catalyst is taken as standard (100), and other results are 
in terms of this. , . - 
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Cone, of added substance (znols. 
per 100,000 mols. of reaction 
mixture) 

Added substance. 

Quinoline 

P^dine 

Piperidine 

A’mmnnTft. 

Sodium hydroxide 

Hydrogen chloride 

Benzyl chloride 

m-Oresol 

Benzene 

Chloroform 

TRESHTy COUGEGB, DtJBIiIIT. 


Nil. 

3-34 8-34 

EsterifloaMon. 

83*4 

100 

68-5 

60*6 

22*8 

100 

67-0 

38*8 

20*4 

100 

26*0 

19*0 

14*0 

100 

28-8 

23*3 

20*0 

100 

43*1 

27*0 

20*2 

100 

199 

326 

749 

100 

107*9 

115 

137*6 

100 

97*4 

104*1 

114*2 

100 

101*5 

102*3 

106*4 

100 

92*4 

99*6 

111*5 


[Beoeived^ Septefmber IZth^ 1028.] 


CCCCXXXVI . — The Rotation Dispersion and Circular 
Dichroism of Garyophyllene Nitrosite. 

By Stotheed Mitchell. 

notation Dispersion , — ^Deussen {Annalen^ 1912, 388, 161) found 
that caryophyllene nitrosite in benzene had [a]© + 1626°, and later 
(J. pr. Chem,y 1912, 85, 487) he showed that this remarkably high 
value varies considerably with concentration and is always greater 
for sodium light than for mercury green. The latter observation 
and the blue colour of the substance led Tschugaev to suggest 
(iftid., 86, 547) that it might show the Cotton effect,* i.e., a maximum 
of rotation on one side of its absorption band and a minimuTn on 
the other. To settle this point the author has examined the rotation 
dispersion of a solution of caryophyllene nitrosite in alcohol. The 
results obtained are shown in Fig. 1. The rotation reaches a 
maximum positive value about 6260 A.U., becomes zero at 6800 
A.U., and is thereafter negative. Subsequent examination of the 
absorption spectra has revealed a narrow band with its head about 
6800 A.U., thereby confirming Tschugaev’s contention. 

The caryophyllene nitrosite was prepared essentially as described 
by Schreiner and Kremers {Pharm, Areh.y 1899, 2, 282); after 
crystallisation first from alcohol and then from aqueous acetone it 
melted at 116°. The alcoholic solution for rotation measurements 
contained 0*3113 g. of caryophyllene nitrosite per 100 g. of solution, 
and was contained in a 6-cm. tube. The readings were taken at 
20° and the solution had 0*7932, Eight different colours of 
light were used- A mercury- vapour lamp supplied the yellow, green, 

* This phenomenon was first observed by Cotton [Arm, CMm. Pkys,, 1896, 
8, 347} with a!kal . fne solutions of copper tartrate and with potassium chromium 
tartrate. 
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and violet ones direct, and narrow strips of the spectrum from a 
Nernst lamp, corresponding to four other fainter mercury lines and 
to the red hydrogen line, were utilised in the manner described by 
Patterson (J., 1916, 109, 1143). Readings were not continued 
beyond 6908 A.U. ; indeed, some difficulty was experienced in 
taking this. The values obtained were : 


A 4358 4916 6461 6790 6234 6563 6717 6908 

a 0*78® 1-07° 1-71® 2-31® 3-27° 2-06° 0*66® -0*97® 

[a] 626® 722® 1164® 1569® 2207® 1390® 469® -666® 


Fia. 1. Eia. 2. 



6600 6000 6600 6000 4600 1400 1600 1600 1700 


A, A.TJ. OaciUation frequencies, 

Left-handed circularly polarised Ught, 

..... Right-handed „ „ >» 

Circular Dichrcdsm , — ^It has been shown by Fresnel that when a 
beam of plane^polarised light enters a transparent optically active 
medium it is resolved into two circularly polarised beams (one 
right-handed and the other left-handed). These travel with different 
velocities through the medium and combine again on leaving it to 
give a plane-polarised beam, the plane of polarisation of which is 
rotated through a certain angle from that of the original beam. 
Cotton found that in the region of selective absorption the emergent 
light from his coloured tartrate solutions was eUipticaUy polarised, 
and he explained this by supposing that, besides travelling at differ- 
ent speeds, the circularly polarised components were absorbed , to 
different extents. This view was subsequently conJSrmed by direct 
experiments with right- and left-handed circularly polarised 
chromatic light, and by analogy with the dichroism of 
refracting crystals the phenomenon was called circular 
5p2 
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Cotton’s work on this subject has been extended to other metallic 
complexes of tartaric acid and to similar compounds of malic and 
lactic acids by McDowell {Physical Rev,, 1905, 20, 163), Olmstead 
(ibid,, 1912, 35, 31), and by Bruhat {Ann, Physique, 1915, 3, 232 ; 
1920, 13, 36). The last author has also studied the phenomenon 
with the diphenyldithiourethanes of d- and l-bomeol (loo. cit,) and 
with potassium irido-oxalate {Bull, Soc, chim,, 1915, 17, 223) . These, 
however, appear to be the only cases hitherto recorded, and it is there- 
fore of interest to find a further example in caryophyllene nitrosite. 

The above authors have concerned themselves more particularly 
with the variation of ellipticity {Le,, the ratio of the axes of the 
elliptical light) with wave-length, but in the present investigation 
the absorption spectra for right- and left-handed light in the region 
of selective absorption have been studied. A Fresnel quartz tri- 
prism {Ann. Chim, Phys,, 1825, 28, 147) was used to produce 
accurately both right- and left-handed circularly polarised light of 
equal intensity and contiguous to each other. The centre prism 
had a refracting angle of 150° and the base was 4" long. The 
tri-prism was inserted between the collimator and the prism of a 
Hilger constant-deviation spectroscope, the collimator being dis- 
placed the necessary distance from its usual position. A 500-c.p. 
Pointolite lamp was employed as source of light. The height of 
the slit was adjusted with a V-shaped metal slide until the two 
spectra, produced one above the other by the tri-prism, just ceased 
to overlap. The Baly tube containing the caryophyllene nitrosite 
solution {N /25 in alcohol) was placed between the light source and 
the spectroscope slit, Th^ eye-piece of the telescope was then 
removed and replaced by a single lens and camera, and a series of 
photographs was taken on a panchromatic plate for different thick- 
nesses of solution. For calibration purposes the Baly tube was 
removed and a cobalt arc was photographed at the top and at the 
bottom of the plate. The results are represented graphically in 
Fig. 2. A distinct difference between the absorption spectra for 
right- and for left-handed circularly polarised light is apparent. 

UuiraBSiTT or Glasgow. [Becei/ved, November BUh, 1928.] 


GGCCXXXVII . — IntercLctions of Selenium Oxychloride 

and Phenols. 

By QnaEKp T. Morgan and Francis Herbward BtjrstaiiL, 

In two oommumcations on organic selenium compounds formerly 
published from the Rostock Laboratories, Michaelis and Kunokell 
described certain reactions between selenium osyohloride or tetra- 
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chloride and the phenols and phenolic ethers {Ber., 1896, 28, 609 ; 
1897, 30, 2823). The second of these publications contains a short 
description of condensations eflEected in ethereal solution between 
selenium oszychloride and phenol, ^-naphthol and resorcmbl, 
wherein the two monohydrio phenols are stated to give selenides of 
the type Se(R*OH)2, E being 0eH4 or CioHg, whilst resorcinol is 
alleged to yield a selenyl derivative, SeO[C6H3(OH)2]2- 

On repeating the condensations we have been able to confirm these 
statements only in the case of p-naphthol, which gives the selenide, 
Se(OioHe*OH)2, in ethereal or preferably in chloroform solution. 

The interactions of selenium oxychloride with phenol, the cresols, 
resorcinol, p-naphthol, and saHcylio acid have now been investigated 
with the following results : 

1. PhenoL When condensed with selenium oxychloride either 
in ethereal or in chloroform solution, phenol yields two isomeric 
selenonivm chlorides, [(H0*03H4)3Se]Cl, each containing ionisable 
chlorine precipitable as silver chloride and replaceable by other 
acidic radicals. The complex kation of these selenonium chlorides 
includes three phenolic hydroxyl groups which confer acidic proper- 
ties on the chlorides so that these salts dissolve in aqueous caustic 
alkalis. !From such solutions carbonic or acetic acid precipitates 
the amphoteric oxide, [(H[0'C3H4)3Se]20, which redissolves in 
alkalis and reacts with acids to furnish the corresponding bromide, 
nitrate, suiphate and chhroplatincde. • 

The less soluble of the two selenonium chlorides, which is the 
main condensation product, is proved to be tri-4:-‘hpdroxytriphenyl- 
selenonium chloride (I) by progressive halogenation, for when 
neutralised with acetic acid, an alkaline solution of selenonium 
chloride deposits the oxide (11), which on bromination yields succes- 
sively a tribrominated bromide (V) and a hexabrominated bromide 
(VI). With chlorine water the former of these bromides gives 
2 : 4-dichloro-6-bromophenol, whereas the latter furnishes 4-ohloro. 
2 : 6-dibromophenoL 


(H0/^)3SeCl — > {H0/^)8Se-O-Se{-<^OH)s 
Y Br Br 


(MeO<^^^)aSea (H0<^^^)8SeBr - 

{MeO<;^^)sSe*Hga8 (Ho/^)*SeBr 

(IV.) BrVl-) 




262 . 
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With, the orientation of selenuim and hydroxyl radicals estab- 
ished in these compounds it becomes possible to dete rmine the 
onstitution of tiianisylselenoninm chloride formerly prepared by 
lilditch and Smiles (J., 1908, 93, 1384), who, on employing a 
Qodified Eriedel-Crafts reaction, obtained only selenonium salts 
rom anisole, phenetole and resorcinol dimethyl ether. 

Tri-4'hydroxytriphenylselenoniiim chloride is methylated to the 
ily chloride (III), which is con- 

certed into crystalline mercuricMoride (IV). This complex salt is 
ompared with a specimen prepared from trianisylselenonium 
hloride obtained by the method of Hilditoh and Smiles. Both 
Qercnrichlorides melt as one compound at 68 — ^70°. 

Owing to the comparatively small yield of the more soluble 
elenonium chloride, the constitution of this salt was not deter- 
mined ; it is evident, however, that one, two, or three of its hydroxyl 
[roups must be in the ortho-position with respect to selenium. 

2. o-CreaoL The main product of the selenium oxychloride 
ondensation is tri^i-hydroxytri-S-mdhyUriphenyUeUnorbium chloride 
VDE), the constitution of which is ascertained by progressive 
lalogenation, starting with the corresponding oxide (VUI), which 


Me Me Me 

(HO^^)8SeCl — > (H0<^^)8Se-0-Se(-K;^0H)3 
(vn.) (vm.) 

Me Mr Me 

(IX.) {HO<^^^)3SeBr 


(X.) 


Me 


(HO<^^)aSe 



delds a tribrominated bromide (IX) decomposed by chlorine water 
o furnish 6-chloro-3-bromo-o-cresol. 

DiA-hydroxydi-Z-rmthyldijphenyl sdenide (X), which arises as a 
)y-product in the condensation of o-cresol and selenium oxychloride, 
3 decomposed on boiling with hydriodic acid to yield 6-iodo-o-cresol, 

3. ip-CresoL A similar halogenation suffices to characterise ^n-2- 
\ydroxytri-^-mdhyUriphmyhden chloride (XI), a product of 
he selenium oxychloride condensation with p-cresoL Its oxide 
Xn) fimdshes a tribrominated bromide (XIII) with anhydrous 
)romme, whereas with bromine water this bromide or the origmal 
•xide gives rise to 3 : 6-dibromo-p-cresoL In addition to the 
oregoing selenonium chloride, 37-cresol yields a considerable pro- 
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portion of di-2~hydroxydi-6^methyldiphenyl selenide (XIV), wHch on 
treatment with hydriodic acid gives 3-iodo-p-cresol. 



Ni & 

(Xin.) SeBr — > HO/^Me 


(XIV.) 




The phenols have not in the condensations under review yielded 
chlorinated selenium derivatives of the type Cl 2 Se(R*OH) 2 , although 
analogous compounds, Cl 2 Se(E.'OX) 2 , with X = CH 3 or CgH^, were 
obtained by Kunckell (Zoc. ciL) from anisole and phenetole. The 
absence of such chlorinated derivatives in the phenolic condensations 
is probably due to the readiness with which the phenols undergo 
chlorination. The mother-liquors from the selenide (XIV) contain 
3-chloro-p-cresol and also a chlorinated dicresol (XVI). These 
substances may arise from the autochlorination of the hypothetical 
dichloroselenide (XV). 


(XV.) 


/ OH \ 

j <Q>- ISeCIa 


Me 





(XVI.) 


4. Besorcinol. In its condensation 'with selenium oxychloride 
resorcinol resembles phenol in giving rise to a selenonium chloride 

ha'TOig the constitution f ^ | SeCl (XVII). 

5. ^-NapMhol. This condensation proceeds quantitatively iu^ 
the sense of the equation 


SCioH^-OH+SeOCI, = Se(OioH6-OH)a+CioHea-OH+H(II^.ai^^. 

Di-‘2‘hydToxydiA‘nc^Mhyl seienide (XVIII) is decomposed by 
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wajm hydriodic acid into 1-iodo-p-naphthol and selenixun, and a 
flimilflT attack by bromine furnishes l-bromo-P-naphthol. 

. OH HO 


(XIX.) 

6. Salicylic acid. The condensation, effected preferably in the 
absence of solvent, leads to a disalicylyl selenide {diA-hydroxy- 
diphenyl selenide di-S-carboxylic acid^ XIX). 

The foregoing results indicate that between selenium oxychloride 
and the phenols two modes of reaction may take place, one manifested 
by phenol and resorcinol : 

1. 3H-R-OH + SeOClg = (HO-R) 3 SeCa + HQ + H^O, 
and another exemplified by p-naphthol and salicylic acid : 

2. 3H-R-OH + SeOCla = Se(R-OH)2 + CH-R-OH + ECl + HgO. 

With o- and jp-cresols both interactions occur concurrently. 

Expebimextai*. 

1. Phenol and Selenium Oxychloride . — On adding selenium oxy- 
chloride (33-2 g. ; 1 mol.), diluted with 60 c.c. of chloroform, to a 
well-stirred solution of phenol {56-4 g. ; 3 mols.) in 500 c.c. of the 
same solvent, the mixture darkened rapidly and became opaque 
owing to separation of insoluble matter; meanwhile heat was 
generated and hydrogen chloride evolved, iiter an hour the 
yellow solution containing in suspension a deep red oil was refiuxed 
until the insoluble product adhered to the containing vessel as a 
semi-solid, yellow gum. The chloroform was decanted and the 
residue triturated with acetone; the selenonium chloride then 
separated as a white powder which crystallised from alcohol-ether 
in small, white prisms, m. p. 232° (decomp.) (Pound : 0, 53-9 ; H, 
4*0; Se, 19*8, 20*4; Cl, 9*2. CigHi^OgClSe requires C, 64*85; H, 
3*8; Se,20-1; d, 9*0%). 

chloride (I), a stable salt, 
dissolved readily in hot water to an almost neutral solution (p^ 5*7) ; 
it separated on cooling from hot water or alcohol in an anhydrous 
condition as a microciystailine powder. It was insoluble in the 
other media. Cold, concentrated sulphuric acid dissolved 

it to a colourless solution with evolution of hydrogen chloride; 
on warming, yellow to green tints were developed. Aqueous ferric 
cMoride gave a reddish-purple coloration, and aqueous caustic soda 
dissdlved the aeleadonfimi chloride to a pale ycEow soltittoni from 
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which carbon dioxide or the calculated amount of dilute acetic acid 
precipitated white, amorphous tHA-hydrooi^nphenyUelenonium oxide 
(II), decomp. 240° (Found: C, 58*2; H, 4*2; Se, 21*9, 21*7. 
CegHgoO^Seg requires C, 59*0 ; H, 4*1 ; Se, 21*6%). 

This complex amphoteric oxide was insoluble in neutral organic 
media but furnished salts with mineral acids. The sulphate and 
bronaide, decomposing respectively at 269 — 270° and 237°, are 
prepared by adding the appropriate acid to alkaline solutions of the 
oxide. The bromide crystallised from alcohol-ether in white 
needles. With an alcoholic solution of the selenonium chloride, 
silver nitrate gave a quantitative deposition of silver chloride; 
the filtrate on evaporation and addition of ether yielded the white, 
crystalline, water-soluble m. p. 138 — 139° (decomp.) (Found : 

N, 3*4. CigHigOgNSe requires N, 3*3%). 

From a hot aqueous solution of selenonium and platinic chlorides 
an orange chloroplatimte crystallised, on cooling, in lustrous needles, 
decomp. 244° (Found: Pt, 17*4. CggHsQOgOleSegPt requires Pt, 
17*4%). 

Tn-4,-methoxytriph^nyUelen(mium chloride (III) . Five g. of methyl 
iodide were added to a solution of tri-4-hydroxyfcriphenylseienonium 
chloride (3*9 g.) and sodium methoxide (1 g. of sodium in 200 c.o. 
of methyl alcohol), the mixture being refiuxed until acid to litmus. 
After being acidified strongly with hydrochloric acid, the mixture 
was distilled in steam, and the r^idue was dissolved in chloroform, 
dried, and evaporated to a yellow, uncrystaHisable gum which, 
however, yielded , mercurichloride 

(IV), m. p. 68 — ^70°, identical with the mercurichloride obtained 
from trianisylselenonium chloride prepared by the method, of 
Hilditch and Smiles (Zoc, cit.) (Found ; Cl, 14*4. C 2 iH 2 i 03 C] 3 SeHg 
requires Cl, 15*06%). 

Tri-Z-br<motri-4rhydToxytriphenyhele7hmium bromide (V). Tri-4- 
hydroxsrtriphenylselenonium oxide was stirred gradually into 
excess of bromine and when the vigorous reaction had subsided the 
mixture was evaporated to dryness ; the dry residue after tritur- 
ation with ether left a white, brominated product which was dis- 
solved in hot alcohol. This solution deposited a crop of impure 
hexabrominated bromide (v. infra.) ; the mother-liquor on evapor- 
ation and addition of ether yielded the tribrominated bromide as a 
white, micrqorystaUine powder. After repeated crystallisation this 
bromide melted at 261° to a red liquid (Pound : Br, 47*4 ; Se, 11*4^ 
Ci 8 H[i 203 Br 4 Se requires Br, 47*4; Se, 11*7%). The tribromin^Sl^ 
bromide was insoluble in water and organic media except ^i||||^l, 
but dissolved readily in aqueous caustic soda; dilute aoe^^cid 
precipitated the complex oxide (m. p. 198°), which was decomposed 
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readily by chlorine water, yielding 2 : 4-diehloro-6-bromophenol, 
m. p. 67 — 68®. 

TtU^ : 6~diir(yn^^otriA^hydroxy^HphenyUeUn(mium bromide (VI) 
was precipitated in the more sparingly soluble fraction from the 
foregoing experiment in combination with the tribrominated 
bromide. Repeated evaporation with bromine and crystallisation 
from alcohol led to the pure hesabrommated bromide, obtained in 
sparingly soluble, lustrous, white prisms, decomp. 261° (Found : 
Br, 61*6. CigH303Br7Se requires Br, 61'35%). CShlorine water 
eliminated selenium from this hexabrominated salt and furnished 
4-ohloro-2 : 6-dibromophenol, m. p. 92®. 

Isomeric trihydroxytrifhenyUdeifi^ chloride, 
(HO-C6Hj3Se01,2H2O. 

The acetone filtrates from tri-4-hydroxytriphenyIselenonium chloride 
yielded on evaporation an isomeric selenonium chloride, crystallising 
with two molecular proportions of water and decomposing at 125° 
(Found : G, 50*6 ; H, 4-6 ; Se, 18*6 ; Cl, 8*0 ; loss on heating at 
110®, 9-5. Ci8Hi503ClSe,2H20 requires C, 50*3; H, 445; Se, 
184 ; Gl, 84 ; loss, 84%). This salt dissolved in hot wate, but 
separated on evaporation as a colourless, viscous gum setting to a 
glass over sulphuric acid. It possessed the chemical properties of 
the tri-^-isomeride, but the small yield (1 — ^2 g.) rendered orient- 
ation experiments impracticable. From a solution in aqueous 
caustic soda, carbon dioxide or dilute acetic acid precipitated the 
amorphous oxide (decomp. 180®), and methylation yielded succes- 
sively a viscid trimethoxytriphenylselenonium chloride and a 
mercurichloride (m, p. 54 — 55°), 

2. o-Oreaol and Sdenium OtxsycUoride , — Selenium oxychloride 
(16*6 g. ; 1 mol.) in 50 c.o. of chloroform was stirred into a solution 
of o-cresol (33*6 g. ; 3 mols.) in 400 c.o. of the same solvent. After 
an hour the mixture was refluxed until the heavy, red oil which first 
separated became converted into solid selenonium salt. The 
chloroform solution was decanted; the residue, after being washeo 
with acetone, crystallised from alcohol-ether as a white powder, 
decomp. 231° (yield, 10 g.) (Foimd : C, 57-7 ; H, 5-1 ; 01, 7-9 ; Se, 
17-8. OgiHgiOsClSe requires 0, 57-8; H, 4-9; Cl, 8-1 ; Se, 18-2%). 

Tn-4^-hydrQxytri-Z-7nethyl^ cUoride (VH) was 

insoluble in water and most organic solvents but di^olved in 
alcohol. Alcoholic ferric chloride gave no coloration, but warm 
concentrated sulphuric acid produced a green tint. When an 
alkaline solution of this chloride was treated with carbon dioxide or 
dilute acetic acid the corresponding selenonium oxide (VUE) was 
precipitated as an amorphous powder, decomp. 236® (Found : Se, 
Ifi-6. requires Se, 19-4%). 
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The addition of nitric acid to an alkaline solution of this oxide 
gave the nitrate^ decomp. 224°, which was crystallised from alcohol 
(Found : N, 3-3. OgiHaiOgNSe requires N, 3-0%). 

Tri-^-bromotnA-hydroxytri-Z^methyltriphenykelenmium bromide 
(IX) was produced on stirring small quantities of the foregoing 
oxide into excess of bromine. Hydrogen bromide was evolved 
and after the violent reaction had subsided the mixture was taken 
to dryness; after beiog triturated with ether, the white residue 
was crystallised from boiling alcohol, the bromiaated bromide 
separating in silvery prisms darkening and decomposing at 263° 
(Found: Br, 44-8. C2iHi803Br4Se requires Br, 44*6%)- When 
added to an alkaline solution of th^ brominated selenonium bromide, 
dilute acetic acid precipitated the amorphous oxide, which was 
decomposed by chlorine water, giving 5-chloro*3-bromo-o-cresol 
(m. p. 48°). 

selenide (X). After tri-4-hydr- 
oxytri-3-methyltriphenylselenonium chloride had been separated 
in the selenium oxychloride condensation, the chloroform filtrate 
was evaporated to a viscid oil and distilled m steam. A little 
unchanged o-cresol appeared first, but the main distillate consisted 
of 5-ohloro-o-cresol (m. p. 48°). The brown, gummy residue was 
extracted repeatedly with petroleum (b. p. 80 — 100°) and on cooling 
the solution an oil separated which after repeated extractions 
solidified in small, pale yellow needles, m. p. 98 — ^99° (Found : 
C, 56*9; H, 4-9; Se, 26^7. Cf 3 L 4 Hi 402 Se requires C, 67-3; H, 4-8; 
Se, 27-0%). 

When boiled with concentrated hydriodic acid, the dihydroxydi- 
tolyl selenide readily decomposed with elimination of black selenium 
and production of 5-iodo-o-cresol (m. p. 72°). 

Although insoluble in water, this complex selenide dissolved 
readily in either aqueous caustic soda or the common organic 
solvents. Concentrated sulphuric acid gave a deep green tint 
even in the cold. 

3. '^•Gresol and Belmivm Oxyc%loride.’-^-Qro&o\ (67-2 g. ; 3 mols.), 
dissolved in 600 c.c. of chloroform, was treated with selenium 
oxychloride (33*2 g. ; 1 mol.) diluted with 50 o.o. of the same solvent. 
The well-stiired mixture slowly assumed a deep red colour, hydrogen 
chloride was evolved and selenonium chloride separated. The 
mixture was refluxed, and the precipitate washed with acetone 
and ether (yield, 17*6 g.). After crystallisation from hot alcohdl 
and drying in a vacuum desiccator, the selenonium chloride retar^J 
alcohol of crystallisation which was removed at 110° (FoiuiflNlpOJ 
67*86; H, 6-0; Cl, 7*1; Se, 16*46; loss on heating at 
C2iH2i03ClSe,liC2H60 requires 0,67-0; H, 6*0; Cl,7-0;<gd, 16^; 
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loss, 13-7%). This preparation gave the iodoform reaction with 
iodine in aqueous caustic soda. 

cMoride (XI), which 

decomposed at 260 — 265®, was insoluble in water but dissolved in 
hot alcohol or in aqueous caustic soda. Concentrated sulphuric 
acid developed no coloration in the cold but, on warming, an olive- 
green tint changing to deep red. Alcoholic ferric chloride gave a 
faint olive-green tint. The corresponding complex oxide (XU), a 
white, amorphous powder, decomp. 160®, was precipitated by 
carbon dioxide or dilute acetic acid from an alkaline solution of the 
foregoing chloride (Found: Se, 194. C42H4207Se2 requires Se, 
19-4%}. With bromine water this complex oxide was readily 
decomposed, yielding 3 : 5-dibromo-p-cresol (m. p. 48°). 

Tri^S-br<mu>tri-2-kydroxytri-5-imthyUTiphenykehmnium bromide 
(XUE), obtained by the action of anhydrous bromine on the oxide 
in the manner employed for the analogue from o-cresol, separated 
from hot alcohol in pinkish- white prisms, decomp. 195° (Found ; 
Br, 45-0. C2iHi803Br4Se requires Br, 44*6%). 

selenide (XIV). The chloroform 
filtrate from the selenium oxychloride condensation after separation 
of the selenonium chloride was evaporated nearly to dryness and 
distilled in steam. The distillate contained 3-chloro-p-oresol 
(b. p. 196° /760 mm.; yield, 12*0 g.). The dried residue was 
extracted repeatedly with petroleum (b. p. 40 — ^60°). Repeated 
ciystalUsation of the extracted material yielded the white seUnide, 
m. p, 111° (Found : 0, 57-0 ; H, 4-8 ; Se, 26*9. Ci 4 Hi 402 Se requires 
0,57-3; H,4-8; Se, 27-0%). 

This complex aromatic selenide, although insoluble in water, 
dissolved readily in the common organic solvents. Cold concen- 
trated sulphuric acid gave a deep green tint, becoming red on 
warming; alcoholic ferric chloride developed a deep green color- 
ation. Concentrated hydriodic acid eliminated selenium from 
the selenide and yielded 3-iodo-p-cresol (m. p. 37—38°). 

5-C!fij!oro-4 : 4'^ihydToxy-Z : Z'-ditdyl (XVI). This singular by- 
product separated from the last fractions of the foregoing diaryl 
selenide in yellow clumps and after crystallisation from, petroleum 
was obtained as a white, crystalline powder, m. p. 129 — 130° 
(yield, about 1 g.) [Found; C, 67-9; H, 4-85; d, 13-9; M (in 
camphor), 264-7* 0 i 4 Hi 302 Cl requires 0, 67-6 ; H, 5-3 ; 01, 14-3% ; 
Jf, 248-5]. 

4. Meaerdnoi aTid Selmium OxytMoride. — ^Resorcinol (33 g. ; 
3 mols.), suspended in 1000 o.c. of chloroform or dissolved in glacial 
aoetic acid^ was treaty with selenium oxychloride (16-6 g. ; 1 mol.) 
diluted with 100 e.o. of the same solvent. Each &op of the oxy- 
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chloride produced a transient green tint and a white precipitate 
separated. The solid portion of the jelly-like mixture was pressed 
and dissolved in acetone. On evaporation this solution yielded a 
selenonium chloride as a white powder. This product was dis- 
solved in alcohol, and a large volume of acetone added; the seleno- 
nium chloride then separated slowly with acetone of crystallisation 
(1 mol.). With ammoniacal iodine the chloride yielded iodoform, 
thus confirming the presence of acetone. The substance melted at 
206° (yield, 30 g.) (Found: 0, 49-4; H, 4-5; Cl, 7-0; Se, 16d; 
loss on heating at 110 °, 12 - 1 . Ci 8 Hi 50 gClSe,C 3 He 0 requires C, 
604; H,42; 01,7-1; Se, 16-8; loss, 11 - 6 %). 

jPn-2 : 4i-dihydroxytnp%enyheUnmium chloride (XVII) dissolved 
in boiling water to a pale red solution which set to a jelly on cooling. 
It also dissolved readily in alcohol or aqueous caustic soda but was 
only sparingly soluble in acetone or glacial acetic acid and insoluble 
in chloroform or benzene. Aqueous ferric chloride developed a 
reddish-purple coloration, warm concentrated sulphuric acid gave 
a green tint, and bromine water decomposed this selenonium 
chloride completely. 

5. ^-NapMhol aTtd Selenium Oxychloride, — Selenium oxychloride 
(16-6 g. ; 1 mol.), diluted with 100 c.c. of chloroform, was stirred 
into 43-2 g. of p-naphthol (3 mols.) in 700 c.c. of this solvent. The 
mixture became warmer and darker and finally almost solid owing 
to the separation of organic selenide (yield, 35 g.). This product 
crystallised from acetone in ; lustrous, , colourless prisms, melting 
at 186° to a red liquid (Found: C, 65-6; H, 3-65; Se, 22-0. 
020^140286 requires C, 65-7; H, 3-9; Se, 21-7%). 

Although insoluble in chloroform, benzene, ether, or water, 
di-2-hydroxydi-l-imp7ilJiyl selenide (XVIII) dissolved readily in 
acetone and sparingly in hot alcohol or glacial acetic acid. Cold 
concentrated sulphuric acid developed a green tint, but alcoholic 
ferric chloride had no colour effect. This complex selenide dis- 
solved readily in aqueous caustic alkalis and was reprecipitated 
unchanged by acids. Evaporation of the chloroform iUtrate from 
di- 2 -hydroxydi-l-naphthyl selenide and distillation in steam of the 
red residue gave 17 g. of 2-chloro-P-naphthol (m. p. 70°). 

6 . Salicylic Acid and Selenium Oxychloride, — Salicylic acid 
(414 g. ; 3 mols.) and selenium oxychloride (16-6 g. ; 1 mol.) were 
heated and stirred in an open basin so long as hydrogen chloride 
was evolved and until the yellow mixture had assumed a browp 
tint. After coolmg, the hard product was powdered and extract^' 
with hot benzene to remove ill-defined by-products, unohMii^ 
salicylic acid and 6 -chlorosalicylie acid (m. p. 166 — 167°)., Siterpble 
yellow residue (20 g.) was crystallised repeatedly from Jbqtmus 
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alcohol, disalicylyl seUnide {di-4s‘%ydroxydiphenyl sdmide di-B- 
carboxylic acid^ XES) being obtained in small, yellowish-white, 
micaceous plates, sintering at 250° and decomposing at 272° (Found : 
C, 47*4; H, 2-9; Se, 23-2. requires 0, 47-6; H, 2-85 ; 

Se, 224%). Although readily soluble in alcohol, ether, acetone, 
or glacial acetic acid, the disalicylyl selenide is insoluble in water, 
chloroforin, or benzene. It dissolved readily in aijUeous caustic 
or carbonated alkalis. The very soluble sodium salt was precipitated 
by ether from alcoholic solution as a hygroscopic precipitate, 
becoming green on exposure. Cold concentrated sulphuric acid 
and the selenide developed a green coloration which deepened on 
warming. Ferric chloride and an alcoholic solution of the selenide 
gave an intense bluish-violet coloration. 

Experiments on the condensation of selenium oxychloride with 
m-cresol, a-naphthol, and 2-hydroxy-3-naphthoio acid failed to 
furnish well-defined products. 

CWEMLCAli BeSEABCH LABORATORY, 

Teddingojon, Middlbsex. [Received, November I5th, 1928.] 


CCCCXXXVIII . — The EUdrical Condtu^ivities of Some 
Uni-univalent Salts in Benzonitrile. Evidence for 
the Incomplete Dissociation of Strong Electrolytes 
and the Applicability of the Law of Mass Actim to 
their Dissociation. 

By Austin Raymond Martin, 

In view of Debye and Hiiokel’s theory and its recent develop- 
ments, considerable significance attaches to the study of the con- 
ductivity of salts in non-aqueous solution. The earlier relevant 
data cannot be regarded as trustworthy, and it is only within the 
last few years that satisfactory measurements of conductivity in 
non-aqueous solution have been recorded (see Kraus and Bishop, 
J. Amer. Ohem. Soe., 1922, 44, 2206; Morgan and Lammert, 

1924, 1117 ; Pl^p and Oakley, J., 1924, 125, 1189; .Krazer 

and Hartley, Proc. Boy. Soo., 1926, A, 109, 361 ; Walden, THich, 
and Laun, Z. physihal. Ghent., 1926, 114, 276 ; Waldffli, XHich, and 
Biosch, Z. fhysihil. Chem., 1926, 123, 429). The present investi- 
gation was undertaken with the object of providing additional 
accurate data in this field, more especially over a wide range of 
temperature (compare Philip and Oakley, foe. cif.; Walden, he. 
oii.}. Benzonitdle was chosen as solvent because (1) it is easily 
purified, (2) it is inert and not hygroscopic, and (3) its b. p. is fairly 
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high. Moreover, it is desirable to examine a solvent less closely 
related to water than the alcohols which have been used in most of 
the accurate conductivity measurements in non-aqueous solutions. 
As solutes, potassium, sodium, and lithium iodides, lithium bromide, 
and silver nitrate were employed. The solubility of inorganic 
uni-univalent salts in benzonitrile is, with the exception of silver 
nitrate, not great, and the above are the only salts sufSoiently 
soluble for the purpose. Among previous work on conductivities 
in benzonitrile, mention may be made of that of Walden on tetra- 
ethyl- and tetrapropyl-ammonium iodides {Z,fhy$ikaL GJism,, 1906, 
54, 189; 55, 710) and of Dutoit on sodium iodide (Z. Elehtro- 
cAem., 1906, 12, 643), all at 25®. The value of Aq found by the 
author for sodium iodide at 25® is some 10% lower than Dutoit’s, 
and the author’s results yield a value for the mean ionic radius 
calculated from the Debye-Huokel theory of 3-72 x 10^® cm., 
whereas Dutoit’s give one of 6-30 x 10^ cm. 

E x P E R I M B N T A L. 

Apparatus , — ^The bridge was set up as in the usual Wheatstone 
arrangement, the source of the current being connected to the sliding 
contact and the junction of the standard resistance with the cell. 
The sliding contact was earthed. 

The bridge wire was of the drum type, 6 metres long, of 32 ohms 
resistance, and having an ebonite hood, made by Leeds and 
Iforthrup; it was calibrated by the method of Strouhal and Barus 
and had no appreciable error. The standard resistance was of the 
dial pattern, maximum resistance 11,110 ohms, accurate to 0*04%, 
made by Cambridge and Paul. The telephone was of 120 ohms 
resistance, made by Brown. The source of current was a valve 
oscillator made by the author and giving a pure sine-wave alternating 
current of frequency 1000 cycles per second. It was electro- 
magneticaHy shielded from the bridge. 

The condensers placed in parallel with the standard resistance in 
order to balance the capacity of the cell were (i) a step-up mica 
condenser of maximum capacity 1*0 microfarad, and (ii) a variable 
air condenser, of maximum capacity 0*001 microfarad, for fine 
adjustment : usually the air condenser alone sufiSced. 

The cells. Of the three cells used, two, one of lead glass and one 
of Pyrex (Cells P I dnd P II), were of the pipette t37pe designed on the 
lines laid down by Washburn (J. Amer. Ohem. Soc.y 1916, 38^ 
2431). The platinum electrodes (3 cm. in diameter and O^S 
apart) were grey-platinised. The capacity of each cell was^ifllkjttt 
20 c.c. The third cell (Cell III) was a stoppered, round-bbttdmi^, 
Pyrex-glass bottle of about 20 c.c. capacity, the eleetroSSfe— i’wo 
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grey-platinised platinxmi discs 1 cm. in diameter and about 1 cm. 
apart — being sealed in through the sides. The cell constants of 
the pipette cells were 0'034014 and 0*041729, and of the other cell 
0-19057. The pipette cells were used for all except the most con- 
centrated solutions, since with small electrodes satisfactory m inim a 
were not obtained with solutions of low conductivity (compare 
Washburn, Zoo. cit). 

Temperature ControL — ^The thermostats were controlled by 
mercury-toluene gas-regulators and were constant to ± 0»01®. A 
layer of oil was placed on the surface of those at temperatures of 
50® and above. The bath at 0® was maintained with distilled water 
and ice which had been washed with distilled water. 

Determination of Cell Constants, — ^The constant of Cell III was 
determined at 25® with an .W‘/100-potassium chloride solution pre- 
pared according to Parker and Parker (J. Amer, Chem. Soc,^ 1924, 
46, 312). The flask and small weighing bottle used were of hard 
glass and were steamed out before use. The water had a speoiflo 
conductivity of 1 x 10"® mho. The potassium chloride (A.R. 
quality) was recrystaUised twice from conductivity water, fused in 
a platinum dish, and ground in an agate mortar. Two samples 
were prepared and both led to the same result for the cell constant. 
The constants of the two pipette cells could not be determined with 
this solution, since its conductivity was great enough to be outside 
the range of satisfactory minima. They were therefore obtained 
by intarcomparison with CeU m. All three cells were filled with a 
solution consisting of 100 c.c. of iV'/lOO-potassium chloride and 
900 c.c. of alcohol (Morgan and Lammert, J. Amer. Chem, Soc,, 
1923, 45, 1692) ; the ratio of the resistance of the cells so filled was 
the ratio of their cell constants, and, the constant of one of them 
being known, those of the others were readily calculated. 

The ratio of the cell constants was found to be the same at all 
the temperatures used, and, since the dimensions of the pipette 
cells and Cell IH were very different, this indicates that the con- 
stants of all of them were not appreciably altered by temperature. 
The values of the cell constants determined at 26° were therefore 
used for all the temperatures investigated ; they were redetermined 
at frequent intervals and were found not to alter appreciably, 
except that of Cell ,P I which changed a little in the first month or 
so after manufacture. 

Preparation of the Salt Solutions, — ^The solutions were made in 
60 or 100 c.c. flasks with ground stoppers. If they were to be kept 
for any length of time, the stopper was covered by a cap and waxed. 
The flasks were specially selected not to have capfllaries which 
niigh t retain water. After thorough cleaning, they were washed 
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repeatedly with conductivity water and then with redistilled absolute 
alcohol and placed upside-down in a steam oven to dry. They 
were rapidly removed to a desiccator containing phosphoric oxide, 
the desiccator was evacuated, and purified, dry air was admitted 
after the flasks had cooled. 

All the solutions were made up by weight. The weight of dis- 
solved salt was subtracted from the weight of solution, and from 
the resulting weight of pure solvent and the density of pure benzo- 
nitrile at the appropriate temperature the volume concentrations 
were calculated, i.e., electrostriction' was taken to be negligible. 
This assumption was found to be justified in the case of an N/IOO- 
silver nitrate solution, which was the highest concentration used. 

The densities of benzonitrile at temperatures between 0° and 70° 
were found to be as follows : 

Temp. ... 0° 25® 40® 50® 65® 70® 

1*0222 1*0005 0*9872 0*9778 0*9739 0*9600 

The stock solution was made by adding to a weighed amount of 
benzonitrile a small weighing bottle containing a weighed amount 
of the salt and shaking until the salt had dissolved. Potassium 
iodide was exceptionally slow in dissolving and sometimes had to 
be shaken over-night. The quantity of salt taken was of the order 
of 0*06 — 0*1 g. and was weighed to 0*01 mg., the method of 
oscillations being used. 

The more dilute solutions were made by adding to flasks con- 
taining a weighed quantity of benzonitrile the requisite quantify 
of a more concentrated solution and weighing again. The weights 
were not reduced to vaaim since the same percentage error occurs 
both in the weight of pure solvent and in the weight of the previous 
dilution added, the resultant error being zero. No dilute solution 
was derived from a stronger solution Which had previously been 
used for any other purpose. All the transferences were carried out 
in pipettes which had been cleaned and dried in the same way as 
the flasks, except that instead of cooling them in a vacuum desiccator, 
a stream of purified and dry air was drawn through them. When 
not in use, the ends of the pipettes were closed with rubber caps in 
order to prevent access of moist air. No pipette was used more 
than once in a series of dilutings, and a suitable guard was inserted 
between the mouth and the pipette. Experiment showed that the 
pouring of benzonitrile from one vessel to another in an ordinary 
room did not noticeably alter its conductivity, ' ^ ^ 

Whetham’s method of preparing solutions for conductivi^ 
measurements {Phil, Trans,^ 1900, A, 194, 321), in which 
portions of a concentrated salt solution are added from 
pipette to a known volume of pure solvent in the cell, was 
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able in the present work for the following reasons : (1) As will be 
explained later, it was necessary for the cell to have been filled with 
a concentrated solution before the more dilute solutions were 
measured. (2) Most of the salts investigated were so sparinglj 
soluble in benzonitrile that large volumes of a stock solution would 
have had to be added in order to obtain the more concentrated 
solutions, thereby altering the effective constant of the cell. 

The method used in the present work has none of the defects oi 
the Ostwald-Arrhenius method, except the slight uncertainty as tc 
the magnitude of the solvent correction. 

Gmduotivity MeaauremmU , — ^Before a series of measurements 
the cells were cleaned with chromic-sulphuric acid mixture, washed 
with conductivity water, and warmed several times with con- 
ductivity water. They were then washed thoroughly with redis- 
tilled absolute alcohol and dried by being warmed to about 80‘ 
and having a current of purified dry air drawn through them 
Cell m was dried by leaving it in a steam-oven and then allowing ii 
to cool in a vacuum desiccator in the same way as the flasks used 
in making up the solutions. Between individual measurements in 
a single series of dilutions, the method of washing and drying the 
cell was the same, except that treatment with cleaning mixture and 
water was omitted. As recommended by Morgan and Lammeri 
(loo, ciLi 1923), the electrodes were kept short-circuited during the 
process of cleaning and drying. 

During the conductivity measurements, the bridge was 
approximately set and the current switched off for a minute ; the 
fine setting was then made in about two seconds. This procedure 
was adopted in order to avoid errors due to the heating effect ol 
the current. Perfect minima were always obtained, and the bridge 
could be set to 0-01% of its length. 

With each salt at least two series of measurements starting from 
different stock solutions were made. 

In the case of potassium iodide, a photochemical reaction took 
place which resulted in a minimum in the equivalent conductivity 
at high dilutions, but this was avoided by painting the cell with 
Brunswick black. It was also found that the conductivity of dilute 
potassium iodide solutions was not constant if the measurements 
were carried out beginning with the most dilute solution and working 
up to the most concentrated. If the measurements proceeded in 
the reverse order the conductivities were quite constant. This 
phenomenon was traced to adsorption on the electrodes. On 
immersion in a concentrated solution, an amount of electrolyte is 
adsorbed the removal of which does not noticeably alter the con- 
ductivity of the solution. The amount of adsorbed electrolyte does 
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not vary appreciably with its concentration in the solution, and 
consequently in the more dilute solutions the electrolyte is neither 
further adsorbed on the electrodes nor given up to the solution. 
This latter point was proved by measuring the conductivity of the 
pure solvent in the cell, and then filling it with a concentrated solu- 
tion, washing it in the way usual between two measurements, and 
measuring the conductivity of the pure solvent again. The two 
values thus obtained were identical. This observation is in agree- 
ment with the experience of Eandall and Scott {J. Amer. Chem, Soc., 
1927, 49, 636), who, in investigating the variation of cell constant 
with resistance and other factors, found that the quantity of elec- 
trolyte adsorbed did not vary appreciably with the concentration of 
the surrounding solution. All the measurements were therefore 
carried out in the dark and (except in the case of silver nitrate, 
where no trouble was experienced) beginning with the most con- 
centrated solution and proceeding to the most dilute. 

Solvent Correction . — ^The conductivity of the solvent was in all 
oases subtracted from the observed conductivity in order to obtain 
the conductivity due to the dissolved salt. The correction never 
amoimted to more than 4%, and satisfactory agreement between 
the values for the conductivity of the dissolved salt was obtained 
even when the conductivity of the pure solvent varied by 100%, 
provided it did not exceed 1*0 X 10~’ mho. 

Since the viscosity of an ^/'/lOO-silver nitrate solution was the 
same as that of the pure solvent, it was unnecessary to apply a 
viscosity correction. 

The molecular weights of the salts concerned have been taken as : 
potassium iodide 166*02; sodium iodide 149*92; lithium iodide 
133*86 ; lithium bromide 86*86 ; silver nitrate 169*89. 

Purification of Maierials, — Benzonitrile. Benzonitrile (B.D.H.) 
was steam-distilled to remove the slight amount of carbylamine 
present. The distillate was washed with sodium carbonate to 
remove any benzoic acid, the benzonitrile extracted with ether, and 
the extract washed with water and dried over calcium chloride. 
After filtering, the ether was distilled off and the residue distilled 
under low pressure. The large middle fraction, b. p. 81®/22 mm., 
was then subjected to the following operations, being redistilled 
under diminished pressure after each : (1) shaken slowly with a 
mixture of anhydrous potassium carbonate and calcium chloride 
and filtered; (2) shaken very slowly with calcium chloride and 
decanted; (3) leftover calcium chloride for some days and decants. 
The benzonitrile then had a specific conductivity of 0*6 x 
at 26°, Between two series of measurements it was ^ 

above, except that the steam-distillation was omitt^. 
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distilling apparatus was washed with redistilled absolute alcohol and 
dried in the same way as the flasks used in making up the solutions. 

Potassium aisd sodium iodides. The A.R. quality salts were 
recrystallised from conductivity water in a platinum basin and dried. 
Finally they were powdered in an agate mortar and electrically 
heated in a vacuum to 100® over phosphoric oxide, the drying agent 
remaining at room temperature. Analysis of the potassium iodide 
gave 76-4% iodine (calc., 76-4%), and of the sodium iodide 84*6% 
(calo., 84-7%). The sodium iodide did not turn at all yellow on 
keeping. 

lAthium iodide. A sample of Kahlbaum’s lithium iodide was 
slightly pink and contained free alkali. It was evaporated to 
drjmess with freshly prepared hydriodic acid at about 50® in an 
electrically heated beaker in a desiccator containing caustic potash, 
and then recrystallised thrice from redistilled absolute alcohol.* 
It was perfectly colourless, gave no blue colour with starch, and its 
aqueous solution was neutral. The salt was dried by heating in a 
small hard-glass weighing bottle to 120® in the apparatus used for 
drying the potassium and sodium iodides and evacuating con- 
tinuously for a week. In order to avoid transference of the very 
hygroscopic anhydrous lithium iodide, the weighing bottle was 
weighed empty, and the requisite amount of the damp salt added 
and dried as described above. The cap of the weighing bottle was 
then dropped on to it with a pair of forceps as it stood in the 
desiccator, and the covered bottle was removed, weighed, and 
dropped into a weighed quantity of pure benzonitrile to make up 
the stock solution. The material so prepared gave 94*7% iodine 
{calc., 94-8%), and contained no detectable alkali or free iodine. 

Lithium bromide. The B .D.H. product, which was quite colourless 
and free from alkali, was recrystallised three times from redistilled 
absolute alcohol, and dried in the same way as the lithium iodide 
{Found: Br, 92-2, Calc., Br, 92*0%). 

8Uvef nitrate. This was kindly provided by Dr. H. F. Harwood 
and had been purified for atomic-weight purposes. It was dried 
in the same way as the potassium iodide. 

Akokot The absolute alcohol used for washing was redistilled in 
order to remove any electrolytic or high-boiling impurities. 


The results of the conductivity measurements are given in 
Table I, v denoting the dilution (in litres). In the column headed A 

* Since lit h iu m iodide is very soluble in alcohol, recrystaUisatioii from 
this solvezit is wasteful, and an attempt was made to precipitate it J>y the 
addition of ether, in whicli it is insoluble ; but the liquid separated into two 
phas^; one cbzeSy ether and the other a solution of lithium iodide in alcohol* 
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KI, 0°, 


KI, 25°. 


KI, 40°. 


KI, 65°. 


Kal , 0°. 


Kal, 26°. 


T^LE I. 


Results of Conductivity Measurements, 


pies . 

V. 

A . 

A . 

A '. 

d 

803-1 

27-50 

+0-01 

-0*05 

c 

1,160 

28-42 

-0-01 

±0-00 

d 

2,078 

29*61 

+0-01 

+0*08 

c 

4,446 

30-56 

-0-01 

+0-01 

d 

7,639 

31-00 

+0-00 

-0*06 

d 

20,045 

31-31 

-0-13 

-0*41 

a 

802-4 

42-82 

±0-00 

-0-01 

b , 

907-2 

43-39 

+0-01 

±0-00 

c 

1,185 

44-40 

-0-05 

-0-07 

a 

3,256 

47-60 

±0-00 

+0-08 

0 

4,543 

48-30 

±0-00 

+0-08 

b 

8,806 

49-29 

+0-01 

-0-03 

a 

14,774 

49-70 

-0-08 

-0-26 

a 

39,188 

50-46 

+0-08 

-0-34 

a 

813-2 

52-64 

+0-01 

-0-01 

b 

919-5 

63*32 

±0-00 

-0-06 

c 

1,201 

64*67 

-0-02 

-0-13 

a 

3,300 

58-84 

+0-01 

+0-05 

c 

4,604 

59-83 

+0-03 

+0-11 

b 

8,924 

61-14 

-0-02 

-0*02 

a 

14,973 

61-60 

-0-21 

-0-40 

a 

39,712 

62-34 

-0-06 

-0-74 

a 

824-2 

62-81 

+0*01 

±0-00 

b 

932-0 

63-60 

±0*00 

-0-46(?) 

c 

1,218 

65-39 

-0-01 

-0-16 

a 

3,345 

70-66 

±0-00 

+0-07 

e 

4,667 

71-86 

+0-03 

+0-11 

b 

9,046 

73-49 

±0-00 

-0-08 

a 

15,177 

74-09 

-0-17 

-0-63 

a 

40,264 

76-01 

+0-05 

-1-00 

d 

866-2 

72-94 

±0-00 

±0-00 

c 

1,235 

76-09 

+0-01 

-0*06 

d 

2,212 

80-36 

+0-01 

+0-20 

c 

4,734 

83-96 

-0*02 

+0-06 

d 

8,134 

86-72 

+0-02 

-0*08 

b 

466-6 

24-40 

+0-05 

, 

a 

474-2 

24-39 

±0-00 



c 

508*3 

24-65 

-0*02 



a 

876-8 

25-82 

-0-01 

+0-05 

b 

1,668 

27-06 

-0-01 

±0-00 

a 

6,270 

28-66 

+0-02 

+0-01 

b 

8,180 

28-88 

-0-02 

-0-04 

c 

17,450 

29-28 

±0-00 

-0-13 

a 

32,142 

29*46 

±0-00 

-0*23 

a 

69,488 

29-46 

-0-04 

-0*42 

b 

476-6 

37-79 

-0-05 

- . 

a 

484-6 

37-98 

±0-00 

— 

c 

619-4 

38-50 

+0-05 

— 

a 

895-8 

40-99 

-0-01 

-0-10 

b 

1,704 

43-03 

-0-01 

±0-00 

a 

5,384 

46-29 

±0-00 


b 

8,358 • 

45-85 

+0-02 


0 

17,830 • 

46-46 

-0-01 


a 

o 

32,841 

AA rrfti 

47-01 

Att.an 

+0-20 

1 A.AA 

+< K »6 

A.OO 
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Series. v. 

Kal, 50“. b 487-7 

a 495-7 

o 531-4 

a 916-6 

b 1,744 

a 5,509 

b 8,651 

Nal, 70®. b 496-7 

a - 504-9 

c 541-2 

a 933-6 

b 1,776 

a 5,611 

b 8,710 

Lil, 0®. a 100-9 

b 492-9 

a 923-3 

b 2,290 

a 4,549 

a 9,178 

b 9,513 

Lil, 25°. a 1031 

b 603-6 

a 943-3 

b 2,340 

a 4,648 

a 9,164 

b 9,719 

Lil, 60°. a 105-4 

b 515-3 

a 965-2 

b 2,394 

a 4,756 

a 9,377 

b 9,946 

LiBr, 0°. a 487-5 

c 662-6 

a 982-8 

b 1,949 

a 4,836 

b 8,146 

a 9,899 


LiBr, 25°. a 498-1 

e 564-6 

a 1,004 

b 1,992 

a 4,941 

b 8,323 

a 10,114 

LiBr,-60°. a 609-7 

o 577-7 

a 1,027 

b %038 

a 5,056 

b 8,616 

a 10,349 


I {contd,] 



A. 

A. 

A'. 

51-67 

-fO-01 

— 

51-65 

-0-01 

— 

52-26 

±0-00 

— 


-0-04 

-0*60 

60-23 

iO-00 

±0-00 

63-82 

+0-01 

+0-08 

64-57 

db0*00 

-0-09 

62-25 

±0-00 

— 

62-50 

-0-01 

— 

63-45 

-0-04 

— 

69-73 

-0-02 

-0*84 

74-42 

+0-01 

±0-00 

78-87 

±0-00 

±0-00 

80-35 

±0-44 

+0-66 

15-37 

±0-00 

__ 

21-20 

±0-00 

±0-00 

23-27 

-0-03 

-0-30 

25*90 

±0-01 

-0-02 

27-10 

±0-00 

±0-00 

27-91 

+0-05 

-0-01 

27-70 

-0-22 

-0-28 

24-91 

±0-00 


34-66 

±0-00 

-0-14 

38-14 

-0-01 

+0-04 

41-72 

+0-03 

+0-24 

43-18 

-0-07 

-0*01 

44-37 

+0-11 

±0-00 

44-00 

-0-32 

-0-46 

34-73 

±0-00 

__ 

48-83 

±0-00 

-0-07 

63-82 

-0-02 

+0-01 

68-85 

+0-03 

+0-23 

60-88 

-0-10 

-0-17 

62-74 

+0-45 

-0-01 

61-97 

-0-46 

-0-89 

7-10 

-0*07 


7-52 

+0-03 



9-39 

+0-06 

— 

12-15 

-0-07 

±0-00 

16-14 

-0-01 

-0-05 

17-85 

+0-01 

+0-03 

18-50 

+0-13 

+0-17 

11-38 

-0-02 


11-92 

+0*03 


14-70 

-0-06 


19-49 

+0-03 

±0-00 

25-47 

-0-10 

-0-13 

28-17 

+0-04 

+0*12 

29-25 

+0-19 

+0-46 

16-62* 

-0-05 

■ 

16-39 

+0-06 



20-16 

+0-01 

___ 

27-33 

+0-06 

±0-00 

35-25 

-0-10 

-0-38 

39-24 

+0-08 

+0-26 

40-77 

+0-40 

+0-76 
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Table I (eontd.). 



Series, 

V. 

A. 

A. 

A\ 

liBr, 70“. 

a 

619*1 

18*72 

±0*00 



c 

588*4 

19*85 

+0*05 



£l 

1,046 

24*55 

iO-OO 



b 

2,076 

32*51 

+0*20 

±0*00 


a 

5,149 

43*33 

-0*37 

-0*35 


b 

8,674 

48*44 

+0*18 

+0*34 


a 

10,540 

60*33 

+0*58 

+0*83 

AgNO« 0°. 

c 

39*10 

4*98 

±0-00 


c 

78*2 

6*62 

+0*05 



b 

91*22 

7*26 

+0-35( ?) 



a 

104*6 

7-07 

-0*13 



c 

156*4 

8*12 

-0-08 



a 

598*0 

13*60 

-0-13 



b 

709*2 

14*92 

+0-10 



a 

3,119 

22*46 

+0*08 

±0*00 


b 

7,398 

25*56 

-0-07 

-0*68 


a 

11,432 

27*58 

+0-40 

-0*01 


a 

21,604 

29*17 

+0-05 

+0*04 


a 

40,400 

30*11 

-0*44 

-0*11 

AgNOj, 26“ 

c 

39*86 

7-60 

-0-18 


0 

79*72 

9*86 

+0-09 



b 

93*20 

10*55 

+0-26 



a 

106*8 

10*62 

-0-15 



c 

159*4 

12*30 

-0*05 



a 

611*0 

20*57 

-0*23 



b 

724*6 

22*18 

+0*01 



a 

3,276 

34-72 

+0*13 

±0*00 


b 

7,559 

40*17 

-0*16 

-0-54 


a 

11,680 

42*88 

-0*03 

-0-09 


a 

21,972 

45*79 

+0*08 

+0-31 


a 

41,278 

47*28 

±0*00 

-0*01 

AgNOj, 40“. 

b 

94*46 

12*48 

+0-10 


a 

108*3 

12*77 

-0*10 



a 

619*2 

24*76 

-0*02 



b 

734*3 

26*49 

+0*09 



a 

3,320 

41*92 

+0*22 

±0-00 


b 

7,661 

49*39^ 

-0-26 

-0*36 


a 

11,837 

52*83 

-0*06 

-0-13 


a 

22,267 

56*69 

+0*45 

+0*69 


a 

41,833 

58-07 

-0*47 

-0-30 

AgNO„ 66“ 

b 

95*75 

14*36 

+0*03 


a 

109*7 

14*90 

-0*04 



a 

627*7 

28*91 

-0*01 



b 

744*4 

30*73 

-0*17 



a 

3,365 

49*48 

+0*08 

±0-00 


b 

7,765 

58*82 

-0*03 

+0-20 


a 

11,999 

62-98 

+0*15 

+0-32 


a 

22,571 

67*70 

+0*63 

+0*97 


a 

42,404 

68*62 

-0-86 

-1-03 


are the differences between the obaerred poiats and a smooth outto 
drawn through them on a A-log e graph. Since the equation d 
this smootti curve is, except for the most concentrated sointinxiik 
and for lithium bromide and silver nitrate, = A + ac\ 
n being determined by T'erguaon and Vogel’s method 
1925, 1, 971), these differences are ailao the diff«encra between the 
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observed values and those calculated from this equation. Under 
A' are the difiEerences between the observed points and a straight 
line drawn through them on a plot of A against Vc, a positive sign 
before A indicating that the observed point is above the curve. 

The values of the equivalent conductivity at even dilutions are 
given in Table 11. Interpolation was carried out on a A-log c 
graph drawn with a flexible spline. 


Table IL 


Temp. 

0®. 

26®. 

40°. 

66-. 70®. 

0°. 

26°. 

60-. 

70°. 

V, 



A. 



A. 




Potassium Iodide. 


Sodium Iodide. 


500 









24-64 

38-17 

51-74 

62-33 

1,000 

28-06 

43-77 

53-76 

64-08 74-31 

26-10 

41-41 

57-20 

70*36 

2,000 

29-54 

46-31 

57-10 

68*38 79-70 

27-36 

43-43 

60-82 

75-06 

6,000 

30-67 

48-46 

60-00 

72-03 84-18 

28-50 

45-17 

63*60 

78-67 

10,000 

31-18 

49-41 

61-33 

73-67 86-23 

29-05 

46-01 

64-80 

80-22 

20,000 

— 

60*01 

— 

— — 

29-33 

46-64 

— 

— 

60,000 

— 

50-46 

— 

— — 

29*49 

46-96 

— 

— 



Silver ITitrate. 


Lithium Iodide. 


60 

5-66 

8-36 



— — 

— 

— 

— 

— 

100 

7-10 

10-61 

12-67 

14-60 — 

15-36 

24-73 

34-25 

— 

500 

12-72 

19-26 

22-83 

26-67 — 

17-88 

34-54 

48-67 

— 

1,000 

16-83 

24-73 

29-37 

34-46 — 

23-67 

38-46 

64-10 

.... 

2,000 

20-36 

30-55 

36-42 

42-97 — 

25-67 

41-22 

68-08 

— 

6,000 

24-15 

37-60 

45-69 

54-09 — 

27-23 

43-38 

61-09 


10,000 

26-71 

42-00 

61-73 

61*30 — 

27-96 

44-36 

62-38 

— 

20,000 

28-91 

46-37 

— 

— — 

— 

— 

— 

— 


Temp. 

0°. 

26°. 

60°. 

70°. 





V, 


A. 









lithium Bromide. 






600 

7-23 

11-42 

16-46 

18-43 




1,000 

9-40 

14-73 

19-92 

24-13 




2,000 

12-34 

19-92 

27-08 

31-78 




5,000 

16-27 

26-62 

36-28 

43-42 




10,000 

18-40 

29-00 

40-22 

49-34 



Viscosity J 

Measurements, 

— ^An Ostwald viscometer 

was 

used. 


The measurements were made in a glass-sided thermostat, the tem- 
perature of which was constant to ± 0-01®. Drying tubes, attached 
to both ends of the viscometer, were found to be without effect on 


the time of flow. The viscometer was cleaned with alcohol and 
nitric acid, washed with water and alcohol, and dried in a warm 
bath by a current of purified dry air which was filtered from all 
dust particles by means of a Jena-glass filter. AU the wash liquids 
and liquids to be measured were filtered similarly, since this method 
for removing dust motes has been found to be both convment and 
very efBksient. The time of flow was never less than 300 seconds^ 
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and readings were reproducible to f sec. after emptying, cleaning, 
drying, and refilling the viscometer. 

A correction was applied for the error at higher temperatures, 
arising from the fact that the coefficient of expansion of benzo- 
nitrile is greater than that of water, and hence that, whilst the 
volumes of benzonitrile and water placed in the viscometer were 
equal at the temperature at which they were measured, mz., room 
temperature, they were not equal at other temperatures. The 
extra time of flow at 40° due to an additional 1 c.c. of water was 
determined, and, the eflEect of 1 c.c. of a liquid of a certain density 
being known, thfe effect of any volume of a liquid of any density 
could be calculated by simple proportion. The difference in 
volume of the benzonitrile and water in the viscometer was calculated 
from a knowledge of their densities at the temperatures involved, 
and the extra time of flow due to the larger volume of the benzo- 
nitrile was subtracted from its observed time of flow. The correc- 
tion never amounted to more than 0*75% and averaged about 0-25%. 
The viscometer had previously been found by H. B. Oakley, of this 
department, to have a negligible deviation from Poiseuille’s law. 
The values adopted for the viscosity of water were those of Bingham 
and White (1912). 

The results obtained for the viscosity of benzonitrile at various 
temperatures were : 


Temp O” 26° 40° 50° 55° 70° 

Tj X 10* 194 124 100 87»6 82-6 66-6 


Extrapolation to Aq. — O f the numerous formulss that have been 
proposed for extrapolation to the equivalent conductivity at zero 
concentration (Aq) only two need now be considered. 

(1) Kohlrausch’s square-root law 

Aq = A + xc^ (1) 

is important since it has been theoretically deduced by Debye and 
HiickeL The accuracy with which it applies to these benzonitrile 
solutions is illustrated by the differences in the last column of 
Table I. The range of dilution over which this equation holds is 
for potassium iodide 1^/1000 to ^/10,000 ; for sodium iodide up to 
a concentration of A'/IOOO; for lithium iodide up to iV/fiOO; and 
for lithium bromide and silver nitrate up to iV/2000. This range 
is the same at all the temperatures at which experiments were carried 
out. In the case of potassium iodide at dilutions greater than 
10,000 litres there is a definite deviation which may be due to exp^ 
mental error. The values of Aq and x obtained by this 
are given in Table III, the unit erf concentration being 1 
per litre. , - ^ 
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Table IH. 




Values of 

Aq and 

X (square-root law). 


Temp. 

0®. 

26°. 

40°. 

60°. 

66°. 

70°. 


/A, 
\x .. 

... 32-76 

62-12 

64-83 



78-22 

91-96 

.... 147-7 

263*3 

347*7 

— 

442-4 

566-7 

IT.! 

/A. 

.. 

... 30-45 

48-11 

— 

68-28 

— 

84-68 

.... 138-1 

210-0 

— 

336-2 

— 

428-2 

Lil 

it. 

... 29-98 

47-33 

— 

66-99 

— 

— 

.... 104-4 

283-6 

— 

410-8 

— 

— 

liBr 

/A. 

... 23-20 

36-17 

— 

50-09 


62-87 

.... 488-0 

744-6 

— 

1028 

— 

1380 


... 33*30 

62-18 

64-78 

— 

77-60 


..... 613-3 

998-3 

13X8 

— 

1628 



(2) Ferguson and VogeFs formula (foe. cit) 

Ao = A + ac« (2) 

where the best values of the constants a and n are determined by a 
graphical method, is logically the most satisfactory method of 
extrapolation. It has been applied except in the cases of silver 
nitrate and lithium bromide, where an equation of this form is not 
followed over a wide enough range to permit a satisfactory deter- 
mination of a and n. In determining the constants in equation (2) 
the values of A at the series of concentrations (c) in geometrical 
progression were read off from plots of A against log c, instead of 
6, the latter being Ferguson and Vogel’s practice. A common 
ratio of 1-5 was used. The range of concentration over which 
equation (2) is followed is for potassium iodide^ from the lowest 
concentrations measured up to A’/2000, and for sodium and 
lithium iodides up to .W/1000. The values of A^ obtained from 
equation (2) and the values of the constants a and n are given in 
Table IV. 

Table IV. 


(Ferguson’s method.) 


Values of n. Values of a. 


Temp. 

KI. 

Nal. 

Lil. 

KI. 

NaL 

"lTi. 

KL 

Nal. 

"ISl. 

0° 

32-15 

30-51 

29-29 

0-632 

0-484 

0-634 

320-6 

125-3 

466-4 

26 

6M1 

47-67 

45-99 

0-637 

0-600 

0-668 

607-8 

396-3 

710-7 

40 

63-83 

— 

— 

0-616 



723-6 



60 

— 

66-79 

64-38 

— 

0-687 

0-711 



1107 

1397 

66 

70 

76-73 

89-98 

82-34 


0-626 

0-631 

0-726 

— 

978-4 

1244 

1805 

— 


The values to which both a and n appear to tend with increase of 
temperature for the iodides of the alkali metals are in the inverse 
order of atomic weight. At the lower temperatures there is no 
regularity, and that at the higher temperatures is perhaps merely 
fortuitous. This is in contrast with the finding of Ferguson and 
Vogel (foe, ciL, 1925) for electrolytes in water. 
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Discussion, 

The Values of Aq. — ^F or the iodides of the alkali metals 
increases with increasing atomic weight and volume. Frazer and 
Hartley {he, cit.) observed the same phenomenon in methyl- 
alcoholic solutions. It must, therefore, be supposed that solvation 
or some form of interaction between solvent and solute occurs in 
these solvents as well as in water. 

In Table V are given the ratios of the values of Aq for the salts 
in benzonitrile at 25® to the corresponding values in water and 
methyl alcohol at 26°, and for potassium iodide at 0°, 25°, 40°, 56°, 
and 70° in benzonitrile to the values at the corresponding tem- 
peratures in nitromethane. The values in aqueous solution were 
obtained from the data of Kohlrausch (“ Das LeitvermSgen der 
Elektrolyte,” 1916), in nitromethane from those of Philip and 
Oakley (Zoc. cit,), and in methyl alcohol from those of Frazer and 
Hartley (foe, cit). In the last case, the values of Aq of lithium 
iodide, lithium bromide, and sodium iodide were calculated from 
the ionic mobilities concerned, these salts not having been directly 
investigated. For the sake of consistency values of Aq determined 
by the square-root law have been used throughout. The ratios of 
the viscosities of the solvents are also given. 


Table V. 



PhCK. 

A(J, Aq, 

Ao, PhCK 

H 2 O Ao, PhOK 17 , MeOH 

Solute, 

HjO, MeOH. 

A(j, HjO 

PhCN* Ao, MeOH' 77 , PhCN 

KI 

62-12 

150-5 114-7 

0-35 

0-45 

Nal 

48-11 

127-0 106-7 

0-38 

0-45 

Lil 

47-33 

115-7 100-6 

0-41 

0-72 0-47 0-45 

LiBr 

36-17 

117-1 95-1 

0-31 

0-38 

AgNOa 

52-18 

133-8 112-9 

0-39 

0-46 

Values for potassium iodide in benzonitrile and nitromethane, and ratio 
of viscosities of solvents. 

Aa, PhCK -q, Me^KOa 


Temp. 

Ao, PhCN. i 

Me-KOa* 

Ao, Me-KOg’ rj, PhCN * 


0 ^ 

32-76 

91-3 

0-36 0-43 


25 

52-12 

123-8 

0-42 0-51 


40 

64-83 

145-6 

0-45 0-53 


55 

78-42 

169-4 

0-46 0-54 


70 

91-95 

194-4 

0-47 0-59 


If the motion of the ions is in accordance with Stokes’s law, and 
if the ions are the same size in each solvent, the ratio of the values 
of Aq of a given salt in two solvents should equal the ratio of the 
fluidities (i.e., the inverse ratio of the viscosities) of the solvents. 
This is so for benzonitrile and methyl alcohol, and approxhnai^ 
so for benzonitrile and nitromethane, but for benzonitrile and wafe 
the values of A in the former are about half as great as would be 
6q 
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expected from its viscosity. This can be explained by supposing 
that in the two non-aqueons solvents the extent of solvation or 
interaction between ion and solvent as suggested by Born [Z, Physih, 
1920, 1, 221) is the same, and in both cases greater than in water. 
That in this respect benzonitrile resembles methyl alcohol and that 
both differ from water aflEords yet further evidence of the unique 
position of water amongst liquids. 

The Variation of Ag with Temperature. — ^If the logarithm of Ag 
for a given salt at different temperatures is plotted against the 
logarithm of the fluidity of the solvent, an unequivocally straight 
line results, from the slope of which it is found that Ag varies as 
the with power of the fluidity, where m for potassium iodide is 1*01, 
for sodium iodide 0-99, for lithium iodide 1*00, for lithium bromide 
0*97, and for silver nitrate 1*01. It is clear that within the limits 
of experimental error Ag is directly proportional to the fluidity of 
the solvent, and the constancy of the product AgTj for a given salt 
is clearly shown in Table VI, which gives values of Ag at 10° 
intervals from 0° to 70°, and of the product (Ag)i.Y]i.. The values 
of Ag and tq at temperatures at which they were not measured were 
interpolated graphically from plots of these quantities against 
temperature. Deviations from simple proportionality occur for all 
electrolytes at 60° and 70°. 

Table VI. 


KI. Nal. Lil. LiBr. AgNOg. 


Temp. 

Ao- 

AqTJ. 

Ao- 

Ao’?- 

Aq. 

AqT}. 

Aq. 

AqTj. 

Aq* 

Ao'7- 

0® 

32*1 

0*62 

30-5 

0*59 

29-3 

0-57 

23-2 

0*45 

33*3 

0*64 

10 

39*6 

0*63 

37-1 

0*59 

35-8 

0*57 

28*3 

0*45 

40-6 

0-65 

20 

47-2 

0*63 

44-0 

0-69 

42-6 

0-57 

33*4 

0*45 

48*3 

0-66 

30 

55*2 

0-64 

51*3 

0-59 

49*6 

0-57 

38-7 

0*44 

56-4 

0-66 

40 

63*6 

0*64 

68-9 

0*59 

56*8 

0-57 

44*2 

0-44 

64-8 

0*66 

50 

72*3 

0-63 

66-8 

0*69 

64*4 

0*57 

60-1 

0*44 

73-2 

0-64 

60 

8M 

0-62 

74-6 

0*57 

72-3 

0*55 

66-5 

0*43 

81-7 

0-62 

70 

90*0 

0-60 

82-4 

0*65 

— 

— 

62*9 

0*43 

— 

— 

Comparison of the 

Results with the 

Theory of Debye and Huchel, 


According to the theory of Debye and Hiickel (PJi/ysikcd. Z., 1923, 
24, 305) there is, in dilute solutions of strong electrolytes, a linear 
relation between equivalent conductivity and the square root of 
the concentration. The author’s results (with the exception of 
those for extremely dilute potassium iodide solutions, which may 
be in error) are in agreement with this theory in so far as they 
yield straight-line plots of A against ^/% as demonstrated by the 
fact that there are as many positive as negative differences in the 
last column of Table I ; but the agreement with the equation 
Ag = A + fife”, where n is not 0-5, is still closer, as is evident from 
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a comparison of the last two' columns of Table I. However, the 
mean differences from the square-root law (1 part in 400 parts) and 
from equation (2) (1 part in 1000 parts) are both near to the possible 
accidental error of the measurements, and in addition there is 
the possibility of a slight systematic error, the magnitude of which 
could not be estimated from the data themselves. The true value 
of the index n therefore remains in doubt, for the somewhat superior 
fit of equation (2), in which there is an additional adjustable con- 
stant, may represent not a law of nature but merely the experi- 
mental error of the measurements. A comparison of the ranges of 
concentration over which the rival equations hold leads to no 
conclusion, since this range is approximately the same for both and 
the square-root law, according to Debye’s theory, cannot be ex- 
pected to hold in concentrated solutions owing to the approxima- 
tions made in its deduction. At this point exception must be taken 
to Ferguson and Vogel’s practice of testing the fit of their equation 
by comparing the consistency of the values of Aq calculated from it 
with that of those calculated from the square-root law, using in both 
cases rounded values of A read off from a plot of A against c, i.e., 
from the curve w’hose equation is Aq = A + ac®. The consistency 
of the values of A^ so determined from their equation is a measure, 
not of its agreement with experiment, but of the skill with which a 
curve of the form A^ = A + ac** has been drawn and its constants 
determined. Equation (2) is therefore represented in an unduly 
favourable light. 

A similar situation occurs in methyl-alcoholic solutions, and here 
the view that the deviation of n from 0*6 is due to experimental 
error is favoured by the fact that the values of A^ calculated from 
equation (2) definitely do not agree with Kohlrausch’s law of the 
independent migration of ions, the validity of which can hardly be 
doubted, as closely as those calculated from the square-root law 
(Frazer and Hartley, loc. cii,i Vogel, Phil, Mag,, 1928, 5, 199). 
On the other hand, it is difficult to believe that, although in general 
the values of n are within 20% of 0-6, this deviation, in aqueous as 
well as in non-aqueous solution, is in every case due to experimental 
error. Furthermore, certain regularities have been found in the 
author’s data, based on values of Aq calculated from equation (2), 
which do not always occur if those yielded by the square-root law 
are used (see later). 

The author inclines to the opinion that deviations from the 
square-root law are magnified when judged by the differenoi 
between the value of in equation (2) and 0-5, but that when'll; 
difference is large and the data are accurate there is a depsb!lM^' 
from the theory of Debye and Huckel. From the foregdiiig, 'ili© 
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inadequacy both of plotting A against and of determining n in 
equation (2) as a test of Debye’s theory is apparent, and as a more 
certain test the slope of the line and its calculation from 

the theory will now be considered. 

The original Debye-Hiickel theory (Zoc. p. 315) gives the 
following derivation for the slope (a?) of the straight line obtained 
by plotting A against for uni-univalent electrolytes : 

i-/a={Ao-a)/a, = (5:iWi4-^:26)V^. • (3) 

^ ^ 

“ eDSJT V BBT X 10» ; ^2 “ V BBT x 10® 

where s = the elementary charge of electricity ; 

D = the dielectric constant of the solvent at (Abs.) ; 

jP = the value of the faraday (= A’e, where AT = Avoga- 
dro’s number) ; 

B = the gas constant per g.-moL ; 

= ^(la/le + lella)i where la and le are the mobilities of 
the anion and kation, respectively; 
and 6 = the mean radius of the anion and kation. 

(The term gives the diminution in conductivity due to the 
dissymmetry of the ion atmosphere, and the term K^b that due to 
electrophoresis and the viscous drag of the solvent.) 

Writing Aq = A + we have 

1 — /a = xVc/Aq = a;V2c/A^'\/2, 
and combining this with equation (3), we obtain 

6 X 10® = {xJ\V2 — KjW^)IK^ X 10"®. . . (4) 

Since 6 is unknown, Debye prefers to put his equation in this 
form, and to show that the values of 6 so determined are not incon- 
sistent with our knowledge of their order of magnitude. The dielec- 
tric constant of benzonitrile has been taken as 26 at 25®. The 
mobilities of the anion and kation were obtained by the use of 
Kohlrausch’s law of the independent migration of ions, and of the 
assumption that the mobility of the tetraethylammonium ion is 
given by the relation (Ulich, Fortschritte d. Ghemie, 1926, 18, No. 10 ; 
Trans. Faraday Soc., 1927, 23, 388) 

mobility x viscosity of solvent = 0-296 . . (6) 

For tetraethylammonium iodide A^ was obtained by extrapolating 
Walden’s data (Z. physikai. Chem.^ 1906, 54, 189) by the square- 
root law. Values of the ionic mobilities thus obtained cannot be 
regarded as very trustworthy, but since la is approximately equal 
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to le the term + Zc/Z^) is not sensitive to changes in la and U- 
For silver nitrate, the ionic mobilities were obtained from Koch’s 
measurements of the E,M,F. of silver nitrate concentration cells 
in benzonitrile (this voL, p. 524). The approximate values of the 
ionic mobilities are : ]Sr(C2H5)4* 23-8, F 29*5, Br' 18-4, NO 3 27-9, 
Li- 17-8, Na 18-6, K’ 22*6, Ag* 24*3. 

Inserting numerical values for benzonitrile at 25° in equation (4), 
we have 

6 X 108 = (a;/V2Ao - 1439w?i)/04035 ... (6) 

The values of Aq used in calculating b from equation (6) are those 
obtained by extrapolation by the square-root law. Table VII gives 
the result of this calculation together with values of b calculated 
from the respective ionic mobilities on the assumption (1) that the 
only resistance to the motion of the ions at infinite dilution is the 
viscous drag of the solvent, and (2) that the magnitude of this drag 
is given by Stokes’s law. This assumption is probably not strictly 
justified; however, a similar error occurs in equations (3), (4), and 
(6) since Debye {Trans. Faraday Soc.^ 1927, 23, 334) treats the 
term as being made up of two parts — one given by Stokes’s 
law, and the other due to the fact that an external force acts on the 
elements of volume of the liquid (electrophoresis). For comparative 
purposes this error may therefore be neglected as a first approxim- 
ation. 

Table Vn, 

Values of the Mean Ionic Radius (b) at 25® calculated from Debye 
and HuoheVs Theory. 


Electrolyte. 

6 X 10® (Debye and 
Huckel), cm. 

& X 10® (from ionic mobilities at 
infinite dilution and Stokes’s law), cm. 

KI 

616 

2-57 

Nal 

3-72 

2-88 

La 

6-47 

2*96 

LiBr 

32-4 

3*63 

AgNO, 

29*9 

2*68 


The following points may be noted : (1) The values of the mean 
ionic radii calculated from Debye and Huckel’s theory are, except 
for lithium bromide and silver nitrate, of the correct order of magni- 
tude. They are somewhat larger than in water and methyl alcohol. 
(2) Frazer and Hartley (Zoo. cit.) found a similar exceptionally large 
value of b for silver nitrate in methyl alcohol. Were it not for the 
fact that the value calculated from the ionic mobilities and Stokes’s 
law is not large, one would be tempted to ascribe this large value to 
solvation and to link it up with the very great solubility of silver 
nitrate in benzonitrile. (3) For lithium iodide b is larger than dm 
sodium iodide, but potassium iodide occupies an intermediate 
6q2 
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position ; yet the values of b calculated from the ionic mobilities 
and Stokes’s law are in the usual inverse order of atomic weight : 
Lr>Na>K-. 

That only the order of magnitude of 6 and, not its exact value is 
known independently of the theory renders this test much less 
convincing. 

Ovmger’s Modification of the Debye-Euckel Theory . — Onsager 
{Physical. Z., 1926, 2f7, 388 j 1927, 28, 277) has recently introduced 
a refinement into the Debye-Hixckel theory by taking into account 
the Brownian movement of the ions. The final expression at which 
he arrives does not contain 6, and does not require a knowledge of 
the individual ionic mobilities ; when the numerical values of uni- 
versal constants are inserted, it is, for uni-univalent electrol 3 ^s, 

, „ * r5*78 X 10«, , 58*0 

A — Aq L (DT)^^ ^ 

For benzonitrile at 26® this becomes 

A = Ao - (0*8476Ao + 63*14)V^ (8) 

The great merit of equations (7) and (8) is that they contain no 
adjustable constants, and therefore provide a good test for the 
theory on which they are based. In the following table the slopes 
of the A-Vc lines calculated from equation (8) are given under 
“ a:, calc.,” and the observed values under x, obs.” The values 
of Aq used are those calculated by the square-root law, since 
according to equation (8) the law should hold : the use of values 
of A^ determined by equation (2) makes very little difference. 


Electrolyte. Eli. Nal. Lil. LiBr. AgNOs. 

ar, calc 137-5 132-9 131-9 118-5 137-8 

Xy obs 263-3 210-0 283-6 744-5 998-3 


For the three iodides the observed slope is about twice as great 
as the calculated, and for lithium bromide and silver nitrate some 
7 — 8 times. The differences between the observed slopes for the 
various electrolytes are greater than those between the calculated 
slopes. It should be mentioned that the agreement of theory with 
observation is quite good in aqueous and methyl-alcohoHc solutions. 
Incomplete Dissociation and Applicability of the Law of Mass Action 
to the Dissocudion of Strong Electrolytes. — ^Bjerrum {Kgl. Danske 
Videnskap. Sdsk math.fiys. Medd., 1926, VII, 9) suggested that, 
in concentrated solutions of strong electrolytes, association of ions 
into electrically neutral doublets occurs. This is the factor which 
Onsager (Physi&al, 2., 1927, 28, 277) considers accounts for a 
A-Vc slope greater than the theoretical. He writes, as an 
approximation, 

A = Aq — xVc - AqC/Z, 



SOME insTi-insrrvAiiENT salts m beezoniteele. 


3289 


where E is the dissociation constant of the electrolyte. However, 
he states that the mode of ionic association cannot be determined 
from the conductivity curve, and suggests an investigation of the 
viscosity and optical properties of the solution. He gives values 
for the dissociation constants of potassium and thallium nitrates 
and thallium chloride in water at one concentration only, calculated 
by comparing the values of A for these salts with that of potassium 
chloride at the same concentration, the last salt being assumed to 
be completely dissociated. 

Fajans {Trans. Faraday 1927, 23, 367) has found evidence 
for the existence of undissociated molecules in concentrated solu- 
tions from refractometric data, but the concentrations at which he 
worked are so great that his results can hardly be said to conflict 
with the postulates of the Debye-Huckel theory. 

Nernst (Z. Elektrochem., 1927, 33, 428) satisfactorily accounted 
for the heats of dilution of strong electrolytes in water, one of the 
most outstanding failures of the Debye-Hiickel theory, by assuming 
incomplete dissociation governed by the law of mass action in 
addition to the effects due to the Debye-Hiickel interionic attraction. 
He has recently shown (Sitzungsber. Prevss, Akad, Wiss. Berlin, 
1928, 4) that, if the greater decrease in equivalent conductivity with 
increasing concentration of certain electrolytes in water compared 
with that of potassium iodide and bromide be assumed to be due 
to incomplete dissociation, values of the degree of dissociation are 
obtained in approximate agreement with those calculated from the 
freezing-point depression, the effect of the interionic attraction being 
taken into account in this latter calculation. ^ 

It appears to the author that the law of mass action should be 
applicable to electrolytic dissociation if there is a sharp distinction 
between the type of interaction represented by an electrically 
neutral doublet (undissociated molecule) and that represented by 
an ion atmosphere of opposite sign surrounding a given ion (the 
interaction taken account of by the Debye-Hiickel theory). The 
true degree of dissociation (a) is not given by the ratio A/Aq, since 
in this expression the decrease in conductivity due to the Coulomb 
forces between the ions (Debye effect) is not taken into account, 
and a has, therefore, been evaluated in the following way. 

A graph was made of the theoretical relation between A and 
Vc deduced from Onsager’s expression (8), using values of A^ 
determined by equation (2). From this graph values of A(cab 
culated) at a series of concentrations (c) were read off. The val^ 
of A (observed) used were those at round concentrations obtrtpi^ 
from a plot of A against log c. The ratio A (obs.)/A (0810.);;^^ 
given concentration c, gave the first approximation (a^) to From 
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this value of the concentration of ions ccjC{= c') which was 
responsible for the observed conductivity was calculated. The 
A, calculated for an ionic concentration c ^ ^ 

A, calculated for an ionic concentration c 
stage (ttg) in the approximation to a. If the point having the co- 
ordinates A (obs. ; total cone. = c)Iq^iQC 2 and V agc' lay within the 
limits of experimental error on the theoretical A-Vc^straight line, 
this method of successive approximation was not carried further. 
The degree of dissociation (a) at concentration c was then given by 
In very dilute solutions one approximation wassufiBlcient and 
only very rarely were more than two necessary. Although the 
theoretical slope is only slightly altered if values of Aq determined 
by the square-root law instead of by equation ( 2 ) are used, con- 
siderably different values of a would be obtained for very dilute 
solutions, since in this region the differences between the theoretical 
and observed values are of the same order of magnitude as the 
differences in the intercepts on the axis of A(A 0 ). 

The results of this calculation are given in Table VIII, together 
with the values of the Ostwald dilution-law constant, Jl = a2/(l— a)v, 
calculated from the values of a determined as above. In the cases 
of silver nitrate and lithium bromide, the theoretical values were 
calculated from the values of Aq given by the square-root law, since 
it was impossible to apply equation ( 2 ) to these salts. The error 
caused by so doing is not large because the differences between the 
observed and calculated values of A are much greater for these 
salts than for the iodides of the alkali metals. 

Table VIII. 

Degree of Dissociation (lOOa) of some Strong Electrolytes in Benzo- 
nitrile at 25® ; and Values of the Ostwald Dilution-law Constant, 


Electro- Dilution (litres), 

lyte. 20,000 10,000 5,000 2,000 1,000 600 100 

Degree of dissociation (%). 

99*72 99*32 98*49 96*24 93*23 — — 

99*77 99*48 98*80 97*27 96*22 91*10 — 

Dil — 99*24 98*23 95*53 91*40 85*05 70*45 

LiBr ~ 82*62 73*73 58*33 43*66 34*50 — 

AgNOa 88-66 82*45 74*46 61*37 60*78 41*14 23*09 

Ostwald dilution-law constant (lOOOH). Mean. 

KI 17 14 13 12 13 — — 13 

Nal 21 19 16 17 19 19 — 19 

Dil — 13 11 10 10 10 17 12 

LiBr — 0*39 0*41 0*41 0*34 0*36 — 0*38 

AgNOg 0*3 0*4 0*4 0*6 0*5 0*6 0*7 0*5 


♦ 100a = 100 at V = 50,000. 
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When allowance is made for the fact that in extremely dilute 
solutions a is so nearly 100% that a small error in it results in a 
relatively large error in 1 — a, and consequently in the 
constancy of K can be regarded as established. 

By the foregoing method we have determined K = Ci+c»-/c, 
where and are the concentrations of positive and negative 
ions and c is that of imdissociated molecules. But strictly it 
is the expression K' = y^Ci+y^a- ly^Cy where the y’s are the 
respective activity coefficients, that should hold if the law of mass 
action applied to the equilibrium between ions and undissooiated 
molecules. Since the activity coefficients involved have not been 
measured, y+ and y., each of which for a uni-univalent elec- 
trolyte equals y^, have been calculated from the Debye-Hiiokel 
theory, and y^ has been assumed to be unity at all concentrations. 
This assumption is not strictly correct, but it is probable that the 
change in y^t^ with concentration is small compared with that in 
y^, and since y^ cannot be calculated, some assumption must be 
made about it. The equation of Debye and Hiickel for the activity 
coefficient {PhysikuL Z., 1923, 24, 185) is, for a uni-univalent elec- 
trolyte, 

, / 4tcs^ ^ 27ts% _ 

— 2DkT'S DkT^'^ ' ‘ 

where k = Boltzmann’s gas constant, % = the number of ions of 
the ith kind per c.c. of solution, a = the mean ionic diameter (taken 
as 6 X 1(H cm.), and the other symbols are as already defined. 
For benzonitrde at 25®, equation (9) becomes 

— logio y± = 2-66^0 — 9-12o .... (10) 

Table IX gives the values of the constant X'(x 10®). 

Table IX. 


Electro- Dilution (Htres). 

lyte. 20,000 10,000 6,000 2,000 1,000 600 100 Mean. 

KI 16 13 11 9 9 — — 11 

Nal 20 17 14 13 14 12 — 14 

Lil — 11 987688 

LiBr — 0-35 0-36 0*33 0*27 0*27 — 0*32 

AgNOs 0-31 0*36 0-40 0-40 0-40 0-41 0*41 0*40 


The constancy of K' is approximately the same as that of E, 
and in the case of silver nitrate it is much greater. We may therefore 
say that the whole of the conductivity-concentration curve can be 
described by a dissociation governed by the law of mass action, the 
mobility of the resulting ions varying with their concentriitten, 
owing to the Coulomb forces between them, in the manner predicted 
by the Debye-Hiickel-Onsager theory. In extremely dilute solu- 
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tions dissociation is complete and the change in conductivity with 
concentration is determined entirely by the Coulomb forces between 
the ions. 

The use of values of Aq obtained from equation (2) in the fore- 
going calculation is justified since in this way the limiting value of 
the conductivity at zero concentration is found, no matter how 
many factors influence the variation of A with concentration and 
without any prejudices as to the nature of these factors, whereas the 
square-root law can be expected to give a correct result only when 
the sole factor influencing it is the Coulomb forces between the ions. 
That this regularity is found by the use of values of Aq determined 
by equation (2) and not (in some oases) by using those given by the 
square-root law, indicates that here the deviation of the index n 
from 0*5 is not due merely to experimental error. 

For the sake of comparison the following table is given, which 
contains values of a = A/A^, [Aq being obtained from equation 
(2)] and the corresponding values of K for sodium iodide at 25^. 
To apply an activity correction to these values of K is illogical, 
since if the effect of interionic attraction is neglected in calculating 
a, it should also be neglected in calculating K, It is seen that K 
is definitely not constant. 


V (Utres) 60,000 20,000 10,000 6,000 2,000 1,000 600 

100a 98-72 97-84 96-72 94-96 91-34 87-06 80-24 

IQQOK 1-6 2-2 2-8 3-6 4-7 6-8 6-6 


Summary. 

1. The conductivities of the iodides of lithium, sodium, and 
potassium, of lithium bromide, and of silver nitrate in benzonitrile 
have been measured over a range of dilution of from JST/SOO to 
iV/10,000 or N/bOfiOO, and over a range of temperature of from 0® 
to 70°. 

2. The viscosity of benzonitrile over the same range of tem- 
perature has been measured. 

3. Extrapolation to Aq has been carried out by the square-root 
law and by Ferguson’s method. The merits of the latter method 
have been discussed. 

4. Over almost the whole range of temperature Aq is directly 
proportional to the fluidity of the solvent. 

5. The values of A^ for a given salt have been compared with the 
values of A^ for the same salt in aqueous, methyl-alcoholic, and 
nitromethane solution. 

6. The slopes of the A- Vc straight lines are approximately twice 
as great as those calculated from the Debye-Hiickel-Onsager theory, 

7. The whole of the conductivity-concentration curve can Ite 
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described by a dissociation governed by the law of mass action, the 
mobility of the resulting ions vaxjdng with their concentration 
owing to the Coulomb forces between them, in the manner predicted 
by the Debye-Hiickel-Onsager theory. In extremely dilute 
solutions dissociation is complete. 

In conclusion, the author wishes to express his warmest thanks to 
Professor J. C. Philip, P.E.S., for suggesting this subject for research, 
and for his lively interest in the work. Acknowledgments are also 
due to the Department of Scientific and Industrial Research for a 
maintenance grant and to the Dorset County Council for a Senior 
County Scholarship. 
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NOTES. 

A Oas Circulating Pump. By Guy Barr. 

A LARGE number of pumps for the circulation of gas through a 
closed system have been described in the literature, the intermittent 
motive power being supphed by an electrical solenoid, a motor, 
a vacuum pump, etc. The form which is the subject of this note 
is actuated by water pressure and appears to be capable of many 
applications in physico-chemical work. An earlier design was 
inspired by the apparatus described by Maass (J, Am&r. Ghem. 8oc., 
1919, 41, 53), which is operated by a filter-pump ; the consumption 
of water was, however, reduced to little more than the volume of 
gas moved, by making a direct connexion to the water-main at T 
and allowing the water to run to waste through tap 2 (Fig. 1, he. 
cit). A pump was assembled, on these lines, so as to vary the 
height of the mercury by some 2 inches only and has been found to 
be quite satisfactory in operation when a circulation of gas up to 
about 50 c.c. per minute against a negligible resistance is required. 
A few simplifications appeared possible and these were incorporated 
in a second pump which has been constructed to work against heads 
of several inches of water for some experiments requiring the gas 
to be circulated through wash-bottles. 

At A (see fig.) water from the mains enters a vertical tube, E, 
at the bottom of which there is an amount of mercury sufiGicient iio 
fill the narrow tube B when displaced into it. (The bore 
must not be more than about 3*5 mm.) Water flows at tli^^f^e 
time into the outer tube of 0, which is half full of mercuijf, 
the pressure rises, this mercuiy is pushed up the inner thbe d C* 
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The pressure increases until the column of mercury in B is, fairly 
suddenly, blown out into D ; water is then free to escape through 
B and D to the exit E, so that the pressure in C is released and the 
** piston of mercury in the inner tube of 0 falls. At the beginning 
of the cycle the U-tube E, connecting R and D, is full of mercury 
to about the level GG : during the rise of pressure this mercury is 
of course moved towards D and at the moment of release of pressure 
the mercury from B is added to the top of the column in D. When 
the pressure in R and C has fallen sufficiently owing to the escape 

of water through B, mercuiy 
from D siphons over into R 
through the small tube H at the 
top of F, and seals B once more. 
The cycle is then repeated. The 
figure shows the positions of the 
mercury levels at a certain 
stage during the up-stroke of 
the “ piston.” 

The liquid non-return valves 
or wash-bottles K, L operate in 
the usual manner, gas being 
bubbled through K as the 
mercury rises in the inner tube 
of C and sucked through L as it 
falls. The bottles are detach- 
able for convenience, mercury 
seals providing a gas-tight con- 
nexion with the rest of the 
apparatus : the washing liquid 
may therefore be analysed if required. (Alternatively the bottles 
may be fused on, in which case a tap at the bottom is desirable for 
addition or removal of the liquid.) Connexion with the apparatus 
in which gas is to be circulated is made at M and N, the taps below 
being used for admission and removal of gas. Other stop-cocks 
are provided for release of air from the water supply, for adjustment 
of the quantities of mercury in C and F, and for regulation of the 
rate of fall of the mercury from D during the “ blow-off ” period. 
Constriction of the lower end of the inner tube of C would tend to 
equalise the suction and delivery speeds. The mean position of 
the mercury in C, and hence the mean pressure in the system 
beyond M and N, may be varied during an experiment, not only 
by manipulation of the appropriate taps, but also by adjustment 
of the position of the discharge end of a piece of rubber tubing 
attached to E. 
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The apparatus will circulate up to 100 c.c. of gas per minute 
against a head of an inch of water, using approximately the same 
volume of water per minute. Against higher heads the rate of 
circulation is diminished by wasteful compression in the dead space 
above the mercury piston. The principle involved may obviously 
be applied to many other purposes, e.gr., to the lifting of mercury 
in Sprengel or Topler pumps if sufficient water pressure is available 
and suitable precautions are taken to prevent the mercury from 
retaining water. — ^National Physicaii Laboeatoby. \Recewed, 
October 1928.] 

An Attempt to Prepare ift-iBoIndole- By Geoffrey William 
Peoton and Christopher Kelk Ihgold. 

Holmes and Ikgold having discovered (J., 1926, 1306) that the 
aromatic sulphonyl derivatives of benzylamine bases, on treatment 
with concentrated alkalis, yield the corresponding benzylidene- 
imines, sulphur dioxide, and the appropriate aromatic hydrocarbons, 
we attempted to exploit this novel reaction for the preparation of 
^-ifioindole, several more conventional methods of synthesis having 
already failed to yield this compound. The proposed scheme was 
as follows : 

(^]^N+SOa+AxH 

0-Xylylene dibromide (264 g.) was added to a cold suspension 
of p-toluenesulphonamide (17*0 g.) and anhydrous sodium carbonate 
(10 g.) in a solution of sodium ethoxide (sodium, 4-5 g.) in ethyl 
alcohol (150 O.O.). The mixture was gently warmed, then boiled 
for 2 hours, cooled, mixed with water, and nearly neutralised with 
acetic acid. The precipitated solid contained some unchanged 
p-toluenesulphonamide, which was removed by crystallisation from 
alcohol ; 2-p4olue7iemlphonyldihydroimindoIe was then obtained 
(13 g.) as prisms, m. p. 176° (Found : 0, 66-8 ; H, 5-65. CigHigO^NS 
requires C, 65*9; H, 5*5%). The 2-benzemmlphonyl derivative, 
prepared similarly, formed needles, m. p. 140° (Found ; C, 64*6 *, 
H, 6*3. C14H13O2NS requires C, 64*9; H, 6*0%). 

The p-toluenesulphonyl compound, on distillation in an atmo- 
sphere of nitrogen with concentrated aqueous potassium hydroxide 
(optimum concentration, 86% ; range investigated, 70 — near 100%), 
gave a distillate consisting of toluene and, in small yield, a basic 
product ; and sulphite, but not p-cresol, was identified in the alkali 
residue, which also contained some tar. The picraU of 
separated from alcohol in greenish-yellow leaflets, m. p. 196 — 197® 




g^>N-SO,Ar- 
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(deoomp.) after discoloration from about 175“. Analysis indicated 
that t.biB was the picrate, not of ^-isoindole, but of dihydroisoindole 
(Found: C, 48-8, 48-8, 48*8, 48-6; H, 3 - 68 , 3-69, 3-73, 3-51; N, 
16-12, 16-08. O 14 H 10 O 7 N 4 requires C, 48-6; H, 2-91; N, 16-19%. 
CuHiaO,N 4 requires 0, 48-3 ; H, 3-46; N, 16-10%). The benzene- 
sulphonyl derivatiTe, on corresponding treatment, gave a closely 
mTnila.r picrate, m. p. 196 — 198® (decomp.) with previous discolor- 
ation (Found: C, 48-4, 48-4; H, 3-68, 3-30; N, 16-24, 16-97%). 
Both preparations were extremely similar to, and almost certainly 
identical with, the picrate derived from an authentic sample of 
dihydroisoiadole prepared as described by v. Braun {Ber., 1922, 
55, 2062). 

To obtain confirmation of this remarkable result we turned to 
the corresponding 1 -methyl homologues, since in this case methods 
for the production of both the ^-isoindole and its dihydro-derivative 
have been reported (Gabriel and Neumann, Ber., 1893, 26, 706). 
The picrate from 1 -methyl-^-isoindole, prepared as described by 
these authors, decomposed from 135° upwards (Found : 0, 50-3 ; 
H, 3-7. Calc.: 0,50-0; H, 3-4%). Our specimen of the picrate 
of the dihydro-derivative had m. p. 151°, and the nitrosoamine had 
m. p: 100 °. By digestion in the cold with an acetone solution of 
p-toluenesulphonyl chloride and 10 % sodium hydroxide in aqueous 
acetone, the dihydro-base was quantitatively converted into 
S-^tolmnesulphonyl-l-me&yldihydrokoindole, which crystallised 
from aqueous alcohol in rhombic prisms, m. p. 93° (Found : 0, 
66-8, 67-0 ; H, 6-03, 6-32. CigHiANS requires C, 66 - 8 ; H, 5-96o/o). 

On distilling this substance in nitrogen with potassium hydroxide 
(optimum concentration, 75% ; range investigated, 70 — near 100%), 
tolumie, sulphite, a volatile base, and a tar, but no p-cresol, were 
again produced, and in the basic product 1 -methyldihydrojaoiadole 
was definitely identified by the preparation of its nitrosoamine and 
p-toluenesulphonyl derivative. 

. Hence, although the formation of two of the expected products 
(SOg and ArH) seems to show that the reaction hoped for must 
occur, the third, namely the 0 -taoindole, undergoes extensive reduc- 
tion during the process. We have not proved that this reduction 
is complete, and we have not identified the source of the hydrogen. 
Our general conclusion is that ^-iaoindole must be much less stable 
than indole, and that this difference is connected with the more 
symmetrical distribution of the three elements of unsaturation in 

N 

the heterocyclic ring of the latter: This indicates that 
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the aromatic sextuple valency association is essentially peripheral 
(see Goss and Ingold, this vol., p. 1268). 

We wish to thank the Chemical Society for a grant in aid of this 
investigation. — ^Thb University, Leeds. [jReceiwed, October 26ih, 
1928.] 

Note on the Paper by Hartley and Barrett on “ The Determination 
of the Density of Liquids*^ * By John Geindley. 

Sir Harold Hartley and W. H. Barrett (J., 1911, 99, 1072) have 
made a careful study of the conditions under which the densities 
of liquids can be measured with an accuracy of ±0*000005 when 
relatively small quantities of the liquids are available. The method 
they recommend seems entirely suitable for determining the densities 
of dilute aqueous solutions at temperatures differing little from room 
temperature, to which attention is specially devoted in their paper, 
but leads to appreciable errors when the densities of liquids having 
a larger temperature coefficient of expansion are being determined 
at temperatures differing by five or more degrees from room tem- 
perature. They recommend that the pyknometer be weighed against 
a counterpoise, equal in volume to that of the full pyknometer, and 
neglect buoyancy corrections except when the pyknometer is 
weighed empty. This assumes that the full pyknometer, when in 
the balance case, has a definite volume, whereas its volume depends 
first on the coefficient of expansion of the liquid it contains, and 
secondly on the difference between the temperature at which it 
was filled, i.e., the temperature at which densities are being deter- 
mined, and that of the balance case. If the pyknometer be first 
filled with water and then with some more expansible liquid, both 
say at 0° or 30°, the volume of the full pyknometer in the balance 
case at room temperature, say 16°, will be different in the two cases 
and the buoyancy corrections cannot be entirely neglected. It 
is not essential that the counterpoise be of exactly the same volume 
as that of the full pyknometer (permissible differences are discussed 
by Hartley and Barrett), but it is important that the difference 
between their volumes remains constant throughout a series of 
experiments. If, for example, a pyknometer of 25 c.c. capacity, 
whose glass occupies 4 c.c., be filled with water at 0°, its volume at 
16° will be 29*018 c.c. ; if it be then filled with butyric acid («^I =s 
0-97844, eP/ = 0*96344) at 0°, its volume at 16° will be 29*390^.^ 

* At the request of Sir Harold Hartley, this opportunity is taken of 
attention to a typographical error in the original paper of Hartley 
Page 1074, line 13 and heading of first colunin of the table : for 
(TF,- TTJ. ^ 
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If the, volume of the counterpoise be 29*018 c.c., the buoyancy cor- 
rection is zero when the pyknometer is full of water ; when full of 
butyric acid, its volume is greater than that of the counterpoise by 
0-372 c.c., which (at 760 mm. pressure) leads to a buoyancy cor- 
rection of 0*0004:8 gram, sufiScient to alter the calculated density 
by 0-000015. 

To correct this error, the formula given by Hartley and Barrett 
must be modified : — 

Let Ffl, and Vi = the volumes of the water and of the liquid, 
respectively, in the pyknometer at the temperature of the balance 
case, Kb and §1 = the densities of water and of the liquid, respect- 
ively, at the temperature of the balance case, and let the other 
symbols used by Hartley and Barrett have the same significance 
as before ; then, instead of their equation (2), read : 

( 2 ) == Wp + Pg 4 “ ^ It) — {W C ” 

and instead of their equation (3) read : 

(3) = Wp + SjFp — + Vi) — {We — 

. Since 3„Fp = Bl,V^ and ^^F^, = 

and if F<. = Vpg + Fy, 

combination of the above equations (2) and (3) with equation (1) 
of Hartley and Barrett gives : 

TF3 - IFi + Ai(F. - Vpg) + A3FJ - 1 

IF3 ~ IFi + Ai(F, ~ F^) + A3F^(^g ~ r 
which approximates closely to the more convenient expression 

As can be seen, the added term becomes negligible 

both when densities are determined at temperatures close to room 
temperature, i.e., S,/8; = 8„/8; = 1, and when the liquid studied 
has an expansibility similar to that of water, i.e., 8^/8' = S„j8l, in 
both of which oases the simpler e:q>re8sion of Hartley and Barrett 
suffices. 

The symbol 8| in the added term can be evaluated with sufficient 
accuracy, by the simpler equation, and 8', can be found by inter- 
polation from the densities determined over a range of temperatures. 
— Teb Edwasd Davies Chemical Laboeatoeibs, Univeesity 
Oohegb qw Wales, Abebystwyth. [Beceiued, September Sth 
1928 .] 
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FREDERICK MOLLWO PERKIN. 

BoRisr Novembeb 8th, 1869; Died IIay 24th, 1928. 

Frbdebiok Mollwo Peekin, the son of Sir William Perkin by his 
second marriage, was born at Sudbury, Middlesex, on November 8th, 
1869. He was educated at Amersham Hall School, Reading. 
On leaving school he studied at the Royal College of Science, at 
Edinburgh University, and also at the Heriot-Watt College, Edin- 
burgh, and finally at the University of Wurzburg, where he took 
the degree of Ph.D., studying chemistry under Professor Hantzsch. 

In 1897 he became head of the Chemical Department of the 
Borough Polytechnic Institute, a position which he resigned in 
1909 in order to enter into practice as a consulting chemist. This 
work he carried on in the laboratory of his late father, Sir William 
Perkin, at Sudbury, but he also had a laboratory in London, and 
in addition for some years he carried on a cojisulting practice in 
Bradford. 

His first paper, Some Derivatives of Piperonyl,” was published 
in our Journal (1891,59, 160). The work done for his doctorate in 
Wurzburg is to be found in the two joint papers with’ HAntzsch : 

Zur Kentniss der Diazoamidoverbindungen ’’ and Zur Wander 
ung von Diazogruppen ” (Rer., 1897, 90, 1394 and 1412). In 
addition to a number of subsidiary investigations, his chief con 
tributions to chemistry concerned the introduction and elaboration 
of electrolytic methods for the preparation of organic compounds. 
Bearing on this, reference may be made to his best-known book, 

Practical Methods of Electrochemistry,” which was soon recognised 
as the standard work in English on the subject. The papers 
describing the results of these investigations were published in part 
in our Journal, but mainly in the Transactions of the Faraday 
Society. 

F. M. Perkin’s technical work was concerned largely -with the 
production of fuel oils from coal and from peat, and he was Technical 
Adviser to the Committee for the Production of Oil from Canjji^ 
Coal and Allied Minerals. He worked on the utilisation of 
and on its conversion into briquettes, on the carbonisation, of, 
and the production of smokeless fuels — ^he may be regard^tl«5:^ 
of the pioneers of low-temperature carbonisation, , , 
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He took an active part in the foundation of the Faraday Society, 
was its first Treasurer (1903 — 1917), and frequently contributed to 
its Transaaiona. From 1908 to 1916 he was Honorary Secretary 
to the British Science Guild. He was active in the work of the 
Paint and Varnish Society, and for a time served as its President, 
and he was the first President of the Oil and Colour Chemists’ 
Association (1918 — 1920). 

Parkin helped to organise the Chemical Section of the Franco- 
Britisbi Exhibition (1908), and was a member of the juries of that 
exhibition and of the International Exhibitions held at Brussels 
(1910), Turin (1911). and Ghent (1913). 

For his services to various Government departments during the 
war he was in 1920 appointed a Commander of the Order of the 
British Empire. 

During the last year of his life his health failed, and he died on 
May 24th, 1928, in his 59th year. 

Perkin married Elizabeth Margaret, daughter of Geo. Mackay of 
Edinburgh, who with their son and two daughters survives him. 

A. J. G. 


HENRY BIOHARDSON PROCTER. 

Bass Mat 6th, 1848; Dnm August 17th, 1927. 

Auosq the men of science who have devoted themselves to the 
improvement of our manufacturing arts, the subject of this notice, 
Henry Richardson Procter, acclaimed on every side as the pioneer 
of a scientific leather industry, occupies a conspicuous place of 
honour. Bos death has evoked tributes from all parts of the world 
aehnowledging his services to the industry and celebrating his 
qualities as a scientific investigator, a teacher, and a man rich in 
qualities of mind and heart. 

Henry Richardson Procter was bom on May 6th, 1848, at Low- 
lights, North Shields, his parents both being descendants of the 
Quaker and tanning family of Richardson. Bjs father maintained 
the old tannery and designed that Henry, his elder son, should 
succeed him. At the age of 14 Procter went to Bootham School, 
York, where, according to an autobiographical note, he had more 
training in science, for which he already riiowed an aptitude, than 
was cmxunon in schools of that day. After leaving school he was 
apprenrioed to his father’s business {md made some efiorts to apply 
his chemical km>wledge to tanning, carrying on his sdentifio studies 
in an at& laboratory. Having passed the Government “ South 
Hensingtott ” Ohrauistry Examination, and so become a qualified 
teadier, he taught a small chemistry class in the town and in con- 
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nexion' therewith was invited to a week’s summer course at the 
Royal College of Chemistry in Oxford Street, London. There his 
talents so impressed the authorities that they persuaded him to 
return to London at Christmas for the rest of the term. At the 
end of the course he was head of the lists and obtained the full 
certificate. During part of this time he acted as volunteer assistant 
to Edward Erankland and Norman Lockyer and so became interested 
in astronomy. He also published, in conjunction with his relative, 
T. H. Waller, a translation of Kohlrausch’s An Introduction to 
Physical Measurements,” one of the earliest laboratory books of 
practical physios to be generally used in this country. 

Reluctantly refusing Lockyer’s invitation to join the Eclipse 
expedition, then proceeding to India, Procter returned to his father’s 
tannery and set to work with success in improving and expanding 
the manufacture. He had little taste for the business side of the 
industry and as competition within it had become very acute by 
the time his father died in 1888, he abandoned the paternal tannery 
and took up the post of chemist to the tanning firm of his relatives, 
Messrs. S. and J. Richardson, of Elswick, Newcastle-on-Tyne. 
Here he remained until, in 1890, he was invited by the Yorkshire 
College, Leeds, to take direction of a new department of applied 
chemistry which it had been decided to establish for the benefit of 
the leather industries. The offer, from a worldly point of view, 
was meagre, but happily the possession of some private means 
enabled Procter to seize what was to him a tempting opportunity 
of living in the scientific world and of devoting himself unrestrictedly 
to scientific work. He took up his post at Leeds early in 1891 and 
began with very simple accommodation and appliances to devise a 
course of instruction in the applied science of leather manufacture. 
In 1898 his department was transferred to a new building provided 
by the generosity of the Worshipful Company of Skinners of London. 
These excellent premises were laid out after Procter’s design for 
teaching and research, and they included manufacturing plant on a 
scale sufficient to afford demonstrations and trials on a valid working 
scale. 

In setting up this new department of applied science, Procter 
was confronted with the usual difficulty of securing students of 
adequate preliminary education and intellectual quality. He would 
have been glad indeed if he could have insisted that students 
coming to him had previously been equipped fully in fundamental 
sciences. His own educational and scientific standards were 
high, but he was no pedant ; he had sympathy with people niidMe 
outlook was strongly practical, and his teaching afforded a 
example of the way in which an interest and schooling m 
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theory and scientific method can be inculcated by an approach from 
the side of practical problems. It could often be seen how under his 
guidance and the stimulus of a visible practical end, students pre- 
viously reluctant would awaken to a perception of the value of 
chemical theory and apply themselves with zeal to serious scientific 
study. He produced by his three years course a type of student 
well trained to address himself to the scientific control and 
development of the processes of leather manufacture. Students 
soon came to Procter from all parts of the world and returned 
to put to effective use the training which they had received. 

Before taking up work at Leeds, Procter had gone far towards 
bringing science to play its due part in the leather industry. His 
** Text-Book of Tanning,” published in 1885, was the first serious 
effort in the application of science in tannery practice, and is recog- 
nised as having inaugurated a scientific era in the industry. It 
embodies a great deal of original work which he had done since the 
first publication, in his twenties, of papers on tannin analysis. 
The difiSculty of applying scientific methods to the leather industry 
came at the outset in the basic substance of the old tannery process — 
What is tannin and how is the tanning value of a substance to be 
estimated for the purpose of both manufacture and commerce? 
The first question can only be answered in the vaguest way. There 
are many tannins, but they present great chemical variety and not 
much is known about their constitution. They are all derivatives 
of the aromatic series of carbon compounds, and, so far as is known, 
all contain either pyrocatechol or pyrogallol, and sometimes phloro- 
glucinol. The pyrogallol tannins yield gallic acid as a decom- 
position product and many of them glucose. The pyrocatechol 
tannins contain protocatechuic acid and seem to yield no glucose. 
The tannins have the one common property of converting skins 
into leather, and for any scientific control of leather manufacture a 
standard method of estimating the tanning efi&cacy, one which will 
give reproducible results in different hands, is indispensable. 

It was to this end that Procter’s first efforts were directed, and 
he devoted great labour to developing the method based on the 
use of hide powder. During fifty years he returned continually to 
the subject and he took the principal part as Chairman of the 
International Commission in drawing up the official method of 
tannin analysis, published by the International Association of 
Leather Trades’ Chemists in 1907. In the new international method 
adopted last year, the essential principles of the earlier one are 
retained. 

Apart from his work on tannin analysis, Procter concerned himself 
with devismg simple methods of chemical control for the various 
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operations of the tan-yard and in his laboratory the biological as 
well as the chemical aspect of tanning problems was always the 
subject of study. He took a very active part in the establishment 
of chrome tanning. He gave to the trade his well-known formula 
for the making of single-bath chrome liquors and his teaching of 
the scientific principles of the new methods contributed in a very 
important way to their adoption and sucotss. 

Behind all Procter’s active work of the kind just described was 
the constant occupation of his mind with the fundamental science 
of colloids. He showed in relation to the newer physical chemistry 
his remarkable power of bringing himself fully abreast of the times 
in any special part of theoretical science that he wanted to use, and 
so equipped he entered upon his magnum opus. This was a very 
complete investigation of the conditions determining the state of 
equilibrium which is established when gelatin jellies are brought 
into contact with solutions of acids.* The attainment of equilibrium 
in such systems is usually associated with swelling or contraction 
effects which depend on the nature and concentration of the acid 
solution and are also affected by the presence of neutral salts. 

. Procter recognised clearly that such a system is one to which the 
Donnan theory of membrane equilibria can be applied. In virtue 
of its basic properties, gelatin combines with acids to form gelatin 
salts ; on ionisation these yield a gelatin kation which is of relatively 
very large dimensions and consequently unable to pass through 
membranes which are readily permeable to ionic or molecular 
entities of smaller size. The interface between a gelatin jelly and 
its aqueous environment may be regarded as the equivalent of an 
actual membrane, for the gelatin ions are necessarily confined to 
the jelly side of the interface, whereas the anions associated with 
the gelatin kations may pass freely from one side to the other under 
the influence of osmotic forces, subject, of course, to such restrictions 
as are attributable to the intervention of electrical forces between 
the charged ions. 

When a gelatin jelly is immersed, for instance, in a solution of 
hydrochloric acid, the latter passes through the interface, forming 
the salt gelatin hydrochloride, and ultimately a state of equilibrium 
is established in which we have gelatin ions, hydrogen ions, and 
chlorine ions on the jdly side of the interface, whilst hydrogen ions 
and chlorine ions are in the outer solution. In accordance with 
Donnan’s theory, this equilibrium satisfies the relation 

* The writer has to thank Professor H. M. Dawson for summarising this 
work. He -is also indebted to Mr. J. R. Atkin and Mr. P. 0. Thompson of 
the Leather Industries Department of Leeds University for valuable ebssistanee. 
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where [H+Ji and [Gl“]i are the concentrations of the hydrogen and 
chlorine ions in the inne r solution and [H ’^]2 and [Cl “]2 are the 
corresponding quantities for the outer solution. Since both solu- 
tions must be electrically neutral, we may also write 

where [G^] is the concentration of the gelatin ion. From these 
relations, it follows as » mathematical consequence that the con- 
centration of the hydrochloric acid when in the j^Uy must always 
be less than that in the external solution, and Procter’s numerous 
experiments showed this was actually the case. It follows further 
that the total ion concentration within the jelly must be greater 
than that of the external solution. This means that the osmotic 
pressure within the jelly must be greater than that of the outer 
solution, and Procter recognised in this inequality the cause of the 
swelling which, according to his views, proceeds until the difference 
in the osmotic pressures is counterbalanced by the forces of cohesion 
in the gel. 

This theory, elaborated subsequently in conjunction with J. A. 
Wilson, has been found to give a satisfactory account of the pheno- 
mena associated with the swelling of gelatin. In particular, experi- 
ments have shown that there is a close parallelism between the 
d^ee of swelling and the difference in the ionic concentrations of 
the inner and outer solutions in that both pass through a maximum 
as the acidity of the solution, megbsured by the pa value, increases. 
The maxima occur, m fact, at the same value (compare Atkin, 
J, Soc, Leather Trades' Chemists, 1920, 4, 248) . The theory also affords 
a simple account of the repression of the swelling which takes place 
when a salt of the corresponding acid is added to the outer solution. 

Procter’s work on gelatin thus affords a very notable example of 
the successful application of the theory of membrane equilibria. 
The significance of his work from a purely scientific point of view is 
to be found m the highly satisfactory issue of this attempt to deal 
with a problem which, even in its essential outlines, had previously 
been quite obscure. As a result of his investigations, this type of 
problem was brought within the range of application of modern 
physico-chemical principles, and in this way he provided a rational 
basis for the further investigation of colloid systems which is recog- 
nised to be of the greatest importance from the purely scientific as 
well as from the technical point of view. The late Jacques Loeb 
wrote of Procter’s theory of protein swelling as one of the most 
ingenious and original contributions, to modem science,” 

Of Procter’s contributions to the literature of his subject the 

Text-Book of Tanniog ” has already been mentioned. , This was 
followed in 1898 by the publication of the Leather Industries 
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Laboratory Book” and in 1903 by the Principles of Leather 
Manufacture.” The Principles ” at once took the position which 
it has retained, that of a standard masterpiece of applied science 
literature. It has been translated into many languages, including 
Japanese. 

Per a full account of Procter’s work and the testimony of those 
who profited from it, the reader is referred to the “ Procter Memorial 
Issue ” of the Journal of the International Society of Leather Trades^ 
Chemists, Typical of this testimony may be quoted the words of 
Professor V. Kubelka of Briinn, who, after expressing his own in- 
debtedness, says : “ Je suis certain qu’il y a dans tons les pays du 
monde des centaines de chemistes de cuir qui se rappelleront aveo 
reconnaissance que pour eux aussi les libres de H. Procter etaient 
les premiers phares qui les ont conduit dans T^tude de la chimie 
de cuir.” A list of 121 publications gives some idea of the variety 
of Procter’s scientific work and the range of his technical services. 
Among these services was the foundation in 1897 of the Society 
just mentioned, which from small beginnings grew to include all 
the leather chemists of Europe and in other and more remote 
countries. Procter was its first President and always its central 
influence. 

Procter held his professorship at Leeds until, in 1913, he reached 
the age of retirement. In anticipation of this event steps had been 
taken by the leather industry to mark the event by some suitable 
memorial of the man and his services. The story may perhaps be 
best expressed m Procter’s words : On my retirement in 1913 a 
considerable sum, over £1800, was subscribed by my friends as an 
acknowledgment of what I had done for the chemistry of the 
trade, and as I have fortunately a modest independent income, I 
thought that this (the fund) coiild be most usefully devoted to the 
establishment of a special laboratory to investigate the underljdng 
scientific problems, which, though not likely to be of immediate 
commercial value, are yet the materials on which sound advance 
can be based. The money sufficed to erect the laboratory, but 
unfortunately not to endow it, but it is now open to qualified 
students of all nations at fees calculated merely to cover their 
actual cost, and the University, which acts as a Trustee under a 
Deed-poll, has so far generously borne a good part of the actual 
wo rking expenses. With more money and more research students, 
its usefulness might be greatly increased.” 

Procter’s successor, in the person of Dr. E. Stiasny, had alread^-, 
been chosen and had been acting for some time with great sucbdBS 
as assistant professor. He now took the vacant Chair and 
passed into the new Research Laboratory, where with Ji A. Wilsbn 
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he completed his work on gelatin. The formal opening of the 
Laboratory by Sir William Ramsay and the attendance of repre- 
sentatives of the industry from all parts of the world was to have 
taken place in October, 1914. To this plan the outbreak of war 
put an end. Not only so, but in August Professor Stiasny was in 
Austria, his native country. In this emergency Professor Procter 
resumed his old position and busied himself with important work 
for the War Office, remaining in oiBfice till 1918. He was then 
succeeded by his old pupil. Professor McCandlxsh, but he continued 
to work a good deal in Ms laboratory. In 1923 he sold his house at 
Hkley and retired to Newlyn, Cornwall, where, in proximity to Ms 
artist son, Ernest, he spent the evening of Ms life in comfort and 
content, pursuing old hobbies of handicraft and art and enjoying 
the society of friends. Towards the end of 1926 he was compelled 
to take to his bed and he died on August 17, 1927. He was buried 
at St. Hilary, some miles from Penzance. 

Procter had married in 1874 Emma Watson of Newcastle, who 
died in 1901. He has left a daughter and two sons, the elder, 
Mr. J. W. Procter, a distinguished architect, the younger the well- 
known artist, Mr. Ernest Procter. 

Procter*s success and the sway wMch he acquired were largely 
bound up mth Ms remarkable personality. Though he found 
himself obliged to withdraw from the Society of Friends, he retained 
in high degree the most admired characteristics of that community. 
The gentleness of his nature, Ms single-heartedness and companion- 
ableness endeared him to all who knew him and, as Sir Michael 
Sadler has said most truly, ‘"no Indian guru had disciples more 
devoted, more respectful.” His tastes and talents were of the 
widest range. In the country he was naturalist, rock-climber, and 
artist; he was a much travelled man and a good linguist. In 
leisure hours at home he was a gardener and a craftsman in 
mechanical and decorative arts and a great reader. 

The character of Procter’s mind was as markedly philosophical 
as scientific. The setting up of a “professor of leather” gave 
scope for a good deal of jest and indeed for some indignation in 
more austere academic circles. It was a constant delight to his 
colleagues to witness the effect of Procter’s conversation in the 
University refectory with guests from such circles. He revelled in 
dialectic and could have excelled any of his colleagues in the arts 
of casuistry. He exercised a strong quiet influence on University 
affairs, most of all perhaps by demonstrating in Mmself and his 
work the way in wMoh applied science may justify itself among 
university studies. 

The establishment of the unique personal memorial of an inter- 
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national Eesearch Laboratory and the bestowal of the Fellowship 
of the Eoyal Society came towards the end of Procter’s life and 
gave him deep gratification, but he had done his work and given all 
his discoveries to the industry, seeking neither honours nor rewards. 

A. S. 


MADYAE GOPAL EAU. 

Boen June 17th, 1891; Died May 21st, 1928. 

Madyae Gopal Eau, who died of enteric fever at Amritsar on the 
21st May, 1928, was bom at Mangalore on the 17th June, 1891. 
Has father, Manjunathayya, was a landholder and his mother, 
Chandra vati, was the daughter of a judicial officer in the employ of 
the East India Company and later of the Madras Government. 
He received his early education at the Ganapati High School and 
the Canara High School, matriculating from the latter in 1909 and 
then entering the Government College, Mangalore (University of 
Madras). After passing the Intermediate Examination in 1911, he 
left Mangalore for the Presidency College, Madras. Here his ability 
was early recognised and he qualified for the B.A, degree in 1913, 
being at the top of the class list. Two years later he took an 
Honours degree in chemistry, being once more at the head of the 
list. He was awarded a University Eesearch Studentship and for 
the following three years he worked at research in organic chemistry 
under the direction of the writer. During part of this period he 
was called upon to take complete charge of the teaching of organic 
chemistry at the Presidency College and he thus had an early 
opportunity of showing his aptitude for teaching. He was in 1918 
appointed a lecturer in the College. In 1920 he moved to the 
Forest Eesearch Institute and College, Dehra Dun, as Assistant to 
the Forest Chemist and he remained there until, in 1925, he was 
appointed Professor of Chemistry at the Khalsa College, Amritsar. 
He held this post at the time of his death and in addition he had 
for the last year been Principal of the College. 

Nearly all Gopal Eau’s research work had been carried out in 
collaboration with the writer. Bis early work was concerned with 
the nitration and bromination of acetamidomethoxybenzoic acids 
(J., 1917, 111, 70, 221 ; 1918, 113, 22, 783) and with an attempt to 
synthesise morindone (J., 1921, 119, 1339), but after proceeding to 
Dehra Dun he worked mainly on natural products. He published 
a number of papers on essential oils and fats which appeared in the 
Journal and in the Indian Forest Eecords (J., 1922, 121, 876; 
1923, 123, 550; Ird. For. Bee., 1922, 9, 95, 111; 1925, 11, 197, 
207 ; J. Ind. Inst. 8ci., 1926, 9, A, 111). His most important work 
5b 
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was on the oxidation of A®-oarene, the constituents of the essential 
oil from Blumea Mahomii, and on the effect of anti-catalysts on 
the rate of oxidation of some dicyclic terpenes. He also collaborated 
in two papers on the constitution of abietic axrid. After his appoint- 
ment to Amritsar he had little time for original work, as he was 
much occupied with teaching and administrative duties and the 
facilities for laboratory work were not good. Although he never 
ceased to work in the laboratory, he only published one paper on 
“ The essential oil from the flower-heads of Perovshia atripUcifdlia, 
Benth.” (J. Ind. Chm. Soe., L926, 3, 141). He fdt very keenly his 
lack of opportunity for work and he had arranged to visit England 
in September in order to work with Prof. Eobinson at University 
College, but this was not to be. Though physically never very 
strong, he was a keen cricketer and tennis player and by his prema- 
ture death at the age of 37 India loses an organic chemist of a type 
all too rare in that country, a loss which she can ill afford. Altiiough 
not possessing great or^inality, GopalEau was a fine experimentalist 
and an inspiring teacher. In May, 1912, he married llCss Giriji Bai 
of Honavar (Bombay), who survives him. 

J. L. SmoNSsiir. 
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Arrhenius Memorial Lecture (Walker), 
1380. 

Arsenic alloys with antimony (Man- 
SURI , 2107. 

Arsenic : — 

Arsenic acid, second dissociation con- 
stant of ( Hughes), 602. 

Arsenious acid, first dissociation con- 
stant of (Hughes), 502. 

Arsenic organic compounds (Gibson and 
Johnson), 92; (Newbeby and 
Phillips), 2876. 

heterocyclic (Newbbry, Phillips, and 
Stickings), 3051 ; (Balaban), 
3066; (Stickings), 3131; (Phil- 
lips), 3184. 

Arsenobenzcne, 4-ammo-, and its hydro- 
cbloride (Newbbry and Phillips), 
120 . 

Arsenobenzenes, diaminodibydrory-, 
mono- aud di-aoetyl derivatives 
(Balaban), 811. 

Arsenobenzenedimethylenesulphurous 
acid, diamino- anddiaminodihydrorj-, 
sodium salts, preparation of (New- 
BERT and Phillips), 124. 

Arsenobenzene-W - methylenesulpburous 
acid, 3 3'-diamino-4;4'-dihydroxy-, 
sodium salt, preparatiou of (New- 
BERY and Phillips), 126. 

Arsenobenziminazoles (Phillips), 3137. 

Arseno-ltd-benzisooxazines, diaminodi- 
hydroxy-, and their diacetyl deriv- 
atives, and dihydroxy- (Nbwbery, 
Phillips, and Stiokings), 8056. 

3;6''-Ar8eno-(2:3-dihydro-l:4-benziso- 
ozazine) (Newbbry, Phillips, and 
Stickings), 3064. 

Arsonium salts, aromatic, nitration of 
(Ingolu, Shaw, and Wilson), 1280. 

Aryl halides, interaction of magnesium 
with (Ruud and Turner), 686. 
effects of nitro-, carboxyl, and sul- 
phonic acid ^oups on hydrolysis 
of {Davies and Woon), 1122. 


2-AryIcinnamic acids, 2-amino-, isomeric 
(Gulland and Virden), 1478. 

Atoms and spectra (Fowler), 764. 

Atomic weight of boron (Cousbn and 
Turner), 2654. 

Atropine sulphate, spontaneous resolu- 
tion of (Anderson and Hill), 998. 

Azelaic acid, electrometric titration of 
(Ganb and Ingold), 1598. 
2-menthyl hydrogen ester (Rule, 
Hay, and Paul), 1368. 

Azobenzene, snbstitution y*roducts of 
(Burns, McOombie, and Scar- 
borough), 2928. 

Azobenzene, halogenodibydroxy-deriv- 
atives, and their derivatives 
(Hunter and Barnes), 2053. 
rahal »gen odihydroxy -d erivatives, 
(Hunter and Barnes), 2060. 
p-bydroxy-, halngeno-derivatives 
(Hunter and Barnes), 2058. 

Azo-dyes, effect of substituents on the 
colour of (Hodgson and Handley), 
162. 

Azoimide, dissociation constant of 
(Hughes), 602. 

0 - Azophenol, fctohalogeno-derivatives 
of (Hunter and Barnes), 2068. 

0 - and p-Azophenols, halogeno-deriv- 
atives of ( Hunter and Barnes), 2061. 

Azozybenzene, 4:4'-dzchloro- (Burns, 
McOombie. and Scarborough), 2933. 

Azozybenzylideneacetophenones (N is- 
BBT), 8122. 

Azozybenzylid6ne-P'bromoaniliiies( N is- 
BBT), 3123. 

m-Azozybenzylidene-p-toluidine (Nis- 
BET), 3124. 

Azozy-componnds (Nisbet), 8121. 

2-Azozystyr7l-8-methyZGhromones (N is- 
bet), 3128. 


B. 

Balance sheets of the Chemical Society 
and Research Fund. See Annual 
General Meeting, 1034. 

Barium hyponitrite (NsoGiand Nandi), 
1454. 

Batyl alcohol, and its derivatives 
(Heilbron and Owens), 944. 

Behenolic acid, synthesis of (Bhatta- 
CHARYA, Salbtore, and Simonsbn), 
2678. 

Benzaldehyde, compound of lithium 
hydrogen sulphite and (Friend and 
Pounder), 2248. 

and 0 -, m-i and p-nitro-, 3-chloro- 
anisyl-2-hydiazones of (Hodgson 
and Kershaw), 193. 
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Benzaldehyde, ^-bromo-, semicarbazone 
(Ingold and Shoppbe), 407. 
halogenohydroxy-, halogenonitrobydr- 
oxj; and tbeir derivatiTes (Hodg- 
son and Jeneinson), 2272. 
n-bydroxy-, Gattermann synthesis of 
(iSELL and Hbnby), 2215. 
nitro-, phenylhydrazones, influence of 
groups on colours of (Hodgson and 
Handley), 1882. 

Benzaldeh7dediph6nylene-2:2^-2iLercap- 
tal (Babbeb and Smiles), 1146. 

Benzaldozinie, nitration of, and its 
derivatives (Beady and Millee), 
887. 

Benzanilide, thio-, thermal decomposi- 
tion of (Chapman), 1894. 

Benzarsazinicphenarsazinie acids, and 
their sodium salts (Gibson and John- 
son), 2213* 

5:6-Benz-4-carholm6, fluorescence of^ 
and its derivatives (Keemack and 
Slater), 32, 789. 

Benzene, velocity measurements in re- 
lation to substitution in (Beadfield 
and Jones), 3073. 

nucleus, formation of rings attached 
to (Titley), 2571. 

Benzene, l-bromo-3-iodo-6-nitro-, and 
-4:6-dfnitro-, and l-chloro-8-bromo- 
8-nitro‘ (Mayes and Tdenbe), 
893. 

bromonitro-, chloronitro-, and iodo- 
nitro-derivatives, reactivities of 
(Beewin and Tdenee), 332. 
p-fluorochloro-, nitration of (Ingdld 
and Yass), 2265. 

fluorochloro- and fluorochloronitro- 
derivatives (Ingold and Yass), 
422. 

m-dihalogeno-derivatives, nitration 
of (Mayes and Tuenee), 691. 

2:4 :6-^n'nitro-l :3 rS-Mamino- (Fite- 
SCHEIM and Holmes), 3045. 
^-dfthiocyano-, preparation and nitra- 
tion of (Challenger and Peters), 
1371. 

Benzeneazoaeetoacetic acid, 2:4:6-27^- 
bromo- and 2:4:6-^*chloro-, ethyl 
esters (Ghattayfay and Daldy), 
2761. 

Benzeneazoethylenes, chloro- and 
chlorobromo-deiivativea (Chattaway 
and Daldy), 2758. 

4- Benzeneazo-5-2iydrozy-2;2:3:3'tetra- 
methyl-A*-ci^c?opentenone, 2':4':6'- 
^ribromo- (Shoppee), 2364. 

l-Benzeneazo-iS-naphthaquinone-l-suI- 
phonic acid, l-3'-nitro-, sodium salt 
(Kowe, Himmat, and Levin), 2558. 

5- Benz6neazo-d-4-zylenol (Hineel, 

Ayling, and Sevan), 2532. 


Benzeue-2:4-disulphonic acid, chloro-, 
preparation of, and its derivatives 
(Davies and Wood), 1126. 

Benzene-p-sulphinic acid, chloro-, pre- 
paration of, ami its ammonium salt 
(Davies and Wood), 1126. 

l-Benzenesulphonamido-S-nitro- 
naphthalene (Mills and Elliott), 
1298. 

Benzenesulphonic acid, bomyl and 
menthyl esters, decomposition and 
hydrolysis of (Patterson and Mc- 
Alpinb», 2464. 

Benzenesulphonic acid, 2-iodo-, sodium 
salt (Barbee and Smiles), 1143. 
n-nitro-, esters and amides of (Bell), 
2776. 

Benzenesulphonyl-1-naphthyIglycine, 
and its ethyl ester (Mills and 
Elliott), 1302. 

l-Benzenesulphonyl-S-nitro-l-naphthyl- 
aminoacetic acid, brucine salt and 
ethyl ester (Mills and Elliott), 1299. 

BeEzenesulphonyl-S-nitro-l-naphthyl- 
glycine, optically active (Mills and 
Elliott), 1291. 

Benzene-2 :4:6-trisulphonic acid, chloro-, 
preparation of, and its potassium salt 
(Davies and Wood), 1125. 

Benzidine, 2:6-dtbromo-, and 2-chloro- 
(Bdrns, McCombie, and Soar- 
boeohgh), 2935. 

3-nitro-, . and its diacetyl derivative 
(Le FEvpjb and Turner), 254. 
3:3'-(iinitro- (Le FIsvrb and Turner), 
252. 

Benzil benzyl mercaptol dioxide 
(Chivers and Smiles), 699. 

Benzil, mono- and t^i-nitro-, and their 
derivatives (Chattaway and Coul- 
son), 1080. 

4:4^-dMtro-, preparation of, and its 
derivatives (Chattaway and Coul- 
son), 1361. 

Benzildi]^enylene-2:2'-mercaptol (Bar- 
ber and Smiles), 1147. 

Benzildi-d-3-(a-phenylethyl}86miearb- 
azone (Hopper and Wilson), 2488. 

Benziminazoles 2-substituted (Phil- 
lips), 2393. 

Benziminazole-S-arsinic acid, 2-amino- 
(Stigrzngs), 3138. 

Benziminazolearsinic acids (Phillips), 
3134. 

Benziminazole-2-thiogZycolIie acid 
(Stephen and Wilson), 1420. 

B8nzin]inazolyl*2-a-tliiol-?i-hntyrie Reid, 
and its ethyl ester (Stephen and Wil- 
son), 1419. 

BenziniinazoIyI-2-a-thiolpro^Qnic add, 
and its ethyl ester (Stephen and Wil- 
son), 1419. 
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Benzoic acid» esters, growing-chain and 
oriJAo-effects in (Ruls, Hay, and 
Paul), 1347'. 

alkyl esters, electronic affinity of 
radicals in (Eaei), 983. 

Benzole acid, o-bromo*, -chloro-, and 
-iodo-, esters (Bulb, Hay, 

Numbers, and Paterson), 182. 

3-bi omo-5-amino-, 3-bromo-5-iodo-, 

5- chloro-S-'amino-, 3-chloro-5-iodo-, 

6- iodo-3-nitro-, and their derivatives 
(McAlister and Kenner), 1914. 

o-cyano-, methyl ester, action of 
jnagnesinm phenyl bromide on 
(Boyd and Labhams), 2089. 
p-nitrothiol-, f»-tolyl ester (Barber 
and Smiles), 1147. 

Benzoin, resolution of, and its phenyl- 
ethylsemiearbazone (Hopper and 
Wilson), 2483. 

BenzonitrUe, electrical conductivity of 
uni-univalent salts in (Martin), 
3270. 

nitration of (Baker, Cooper, and In- 
golb), 430. 

Benzophenyl-3-nitrobenzyIaxaide 
(Reilly, Moore, and Dbuhm), 564. 

Benzopropylamidopropylarsinic acid, 
m-nitro- (Gough and King), 2441. 

1 :4-Benz?sooxazine, S-amino-S-hydroxy-, 
and its hydrochloride and acetyl 
derivative (Balaban), 8070. 

1:4-Benzi90ozazine8, amino- and nitro- 
3-hydroxy-, and their derivatives 
(Nbwbery and Phillips), 3046. 

l:4-B6nzisoozazine arsenoxides, 8- 
amino-3 hydroxy- and 8-hydioxy- 
(Newbbry, Phillips, and Stick- 
ings), 3056. 

l:4-Benzfsooxazmearsinic acids, amino- 
hydroxy-, moTio- and di-hydroxy-, 
chlorohydroxy-, and nitrohydroxy-, 
and their derivatives (Newbery, 
Phillips, and Stick ings), 3054. 
aminohydroxy-, hydroxy- and nitro- 
hydroxy-, and their derivatives 
(Balaban), 8068. 

l:4-Benzi5fJOxazine-6-hydroxyehloro- 
arsine, S-amino-S-hydroxy*, hydro- 
chloride (Newbery, Phillips, and 
Stzckinos), 3059. 

Benzoxazole-4-arsmio acid, l-amino-, 
and I:6-diamino-, 6-aeetyI derivative 
(Stickings), 8133. 

Benzoxazolonearsinio acid, and amino-, 
and their acetyl derivatives, andnitro- 
(Balaban), 8071. 

Benzoyl chloride, interaction of diazo- 
methane and (Bbauley and Robin- 
son), 1310, 

Benzoylacetic acid, j?-chloro-, ethyl ester 
(Burton and Ingold), 919. 


Benzoylacetonitrile, combination of, 
with organic bases in presence of 
salicylaldehyde (Krishnamurti), 415. 

5- Benzoyl-l-acetylalizarin (Perkin and 
Storey), 239. 

Benzoylalanine, p-nitro-, resolution of, 
and its salts and ethyl ester (Colles 
and Gibson), 99. 

1- Beszoylalizarin 2-methyl ether (Per- 
kin and Storey), 239* 

2- Benzoylbenzophenon6-2'-carhoxyUe 
acid, and its derivatives (Cook), 62. 

Benzoylbenzoylozyacetic acid, ethyl 
ester (Bradley and Bobinson), 1548. 

Benzoylcamphor, stable and labile, 
physical properties of (Lowry, Mao- 
CoNKEY, and Burgess), 1333. 

«-Ben2oyloxy-4-benzyloxy-8:6-dimeth- 
ozyacetophenone (Bradley and 
Robinson), 1657. 

2-Benzoylozy-4:6-dimethozyhenz- 
aldehyde (Robertson, Robinson, 
and Stbuthers), 1457. 

6- Benzoylozy-4'-methozyflavyliTim 
chloride, 7-hydroxy- (Robertson, 
Robinson, and Struthers), 1458. 

o-Beuzoylphenylacetozyphthalide 
(Cook), 62. 

2-Benzoyi-2-phenyM ;3-dithian (Chi- 
YERs and Smiles), 701. 

(?-BenzoylphlorogIucinaldehyde, pre- 
paration and constitution of (Robert- 
son, Robinson, and Struthers), 1455. 

Benzthiazoles, amino- (Hunter and 
Styles), 3019. 

l:2:3-Benztriazole, 1-hydroxy-, and its 
derivatives (Brady and Reynolds), 
196. 

Benzyl chlorides, m- and ^?-nitro-, 
velocity of reaction of trimethyl- 
amine with (Norrish and Smith), 
130. 

cyanide, 3:4-<f^amino-, and 3-niiro- 
4-amiao-, formyl deiivatives (Phil- 
lips), 2396. 

fluoride, preparation and properties 
of, and p-nitro- (0. K. and E. H. 
Inoold), 2249. 

phenyl ether, rearrangement of 
(Short), 528. 

a-Benzylacetophenone, w-bromo- 
(Si EVENS, Creighton, Gordon, and 
MaoNicol), 3197. 

Benzylaniline, nitration of (Reilly, 
Moore, and Drumm), 563. 

9-Benzylanthraoene, 2-chloro- and 
2-chloro-lO-bromo-, and its di- 
bromide (Barnett and Wilt- 
shire), 1824. 

chloro-, chlorobromo-, and chloro- 
hydroxy-, and their acetyl deriv- 
atives (Cook), 2806. 
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9 -BexizyUxLtbracene-c 0 -p 7 ridinium 
bromide, d-ehloro- (Cook), 2809. 

d-Benzylanthrozie, X:5-d«chIoro- (Bar* 
NETT and Cook), 571- 

Benzylbenzoylacetic aoid, ^cbloro-, 
ethyl ester (Burton and Inoold), 
919. 

9<Benzyl-10-b62izylidene-9:10-dilLydro- 
anthracene, l:5-(2;^hioro- (Barnett 
and Cook), 570. 

Benzyl-^-chiorobenzoylaoetie acid, ethyl 
ester (Burton and Ingold), 920. 

9-Benzyl-9:10-d31iydroanthraeen«, 

1- chloro-9-hydroxy- (Cook), 2806. 

9-BenzyI-9:10-dihydroanthranol, 

l;6-dzehloro- (Barnett and Cook), 
672. 

BenzyUdeneanthrone (^tbromide, action 
of moist silver oxide on (Cook), 58. 

Benzylidene*i>*bToiaoaniline, m-nitro- 
(Nisbet), 8128. 

9-Benzylidene-9: lO-dihydroanthraoene, 
l-chloro-lO-bromo- and l-chloro* 
10-hydroxy-, and its acetyl deriv- 
ative (Cook), 2806. 

1 : 5 -d 2 ‘chloro-l 0-hydroxy-, prototropic 
rearrangement of (Cook), 2804. 

BenzyUden&ydiozydihydrot^bainone 
(Gulland), 704. 

Benzyliden6-77i-nitroaniline hydrochlor- 
ide (Flurschbisi and Holmes), 
2241. 

Benzylidenephenylaoetylacetophenone, 
o-hydroxy- (Lovett and Boberts), 
1977. 

2-BenzyIidene-3-phenyl-A*-benzopyran 
(Dickinson, Heilbron, and 
0*Bbirn), 2080. 

2-Beazylidene>3-phenyl-A^-i3-naphtha- 
pyran (Dickinson, Heilbron, and 
O’Brien), 2081. 

Benzylidenethebainol (Gulland), 706. 

Benzylidenethebainone, and its meth- 
iodide (Gulland), 704. 

9-Benzyl-10-methylen€-9:10-dihydro- 
anthraoene, l:5-dichioro- (Barnett 
and Cook), 570. 

Benzylmetbyiglyozal, absorption spectra 
of enolic and k**tonic forms of (Lowry, 
Moubeu, and MacConkby), 3167. 

Benzylmetbylsnlphone, parachor for 
(Frbiman and Sugden), 267. 

O-Benzyl-lO-phenylantbracene, l:5-di- 
chloro-, »-bromo- and w-hydroxy- 
derivatives (Cook), 2805. 

2-BenzyI>3-phenylquinozaline, 

2- p-chloro- (Bennett and Willis), 
1967. 

9-Benzyl40-i8oprcpylantbxaceine,l:5-dt- 
ehloro- (Babnbtt and Cook), 670. 

2-Benzylqninoxaline (Bennett and 
Willis), 1966. 


O-Benzylsyringic acid, and its deriv- 
atives (Bradley and Robinson), 
1554. 

0-Benzylsyringoylacetie acid, ethyl 
ester, and its copper derivative 
(Bradley and Robinson), 1667. 

O-Benzylsyringoylacetoacetic acid, 
ethyl ester (Bradley and Roblnson), 
1666. 

^-Benzylsyringoylearbinol (Bradley 
and Robinson), 1560. 

Benzylthebainonez, and their deriv- 
atives (Gulland), 705. 

Benzyl-i^-tolnoylacetie acid, ethyl ester, 
and its oxime (Burton and Ingold), 
920. 

BenzyltrimethylarsoniTxm picrate, and 
p-nitro- (Ingold, Shaw, and Wilson), 
1288. 

Benzyltrimethylphosphonliutt picrate, 
and nitro- (Ingold, Shaw, and 
Wilson), 1288. 

2:2'-Bis(10-bromo-5: 10>dihydrophen- 
arsazine) (Gibson and Johnson), 2210. 

Bis-p-bromo-ay-diphenylpropenyl ether 
(Shopper), 2570. 

Bis>j9y*c^2bromo-a7-diphenylpropyI 
ether (Shopper), 2570. 

2:2'-Bis(I0-bromo-8-methyl-5:10-di- 
hydrophenarsazine) (Gibson and 
Johnson). 2211. 

Bis-2'’Carbozyphenylihiol-2:4-€?iliydr- 
ozybenzene (Prior and Smiles), 2868. 

2:2'-Bis(10-Gliloro-6:10-dihydrophenar8- 
azine) (Gibson and Johnson), 2208. 

2;4-BiB(fichlorom6thyl-l:3-henzdioziii, 
6-ammo-, and its h>drochloride and 
acetyl derivative, 6-bromo-, and 6- 
mono- and 6:8-di-nitro- (Chattaway 
and Morris), 3243. 

2:^Bisfnohloromethyl-l:3-benzdiozin, 
6-amino- and 7-bromo-6-amino-, and 
its acetyl derivative (Chattaway 
and Calvbt), 1090. 
5:7-dichIoro-6.hydroxy-, and its acetyl 
derivative (Chattaway and Cal- 
vet), 2918. 

2:4*Bis^fc]iIor<miethyl-l:3-benzdicziii- 

5- diazaninm perbromide (Chattaway 
and Morris), 8245. 

2:4-Bi8dioliloTomethyl- 1 :3-b6nzdiozin- 

6- snlphonic acid, and its ammonium 
salt and derivatives (Chattaway and 
Morris), 3245. 

2:2'-Bi8(10-eliloro-8-methyl-d;10-di- 
hydrophenarsazine) (Gibson and 
Johnson), 2210. 

2:4-Bisdic2LlQromethyIene-l:3-benBdi- 
oxin, 6-amino- (Chattaway ,and 
CALVirr), 1091. 

5:7-dichloro-6-hydroxy- (Chattaway 
and Calvet), 2918. 
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BisdietlLylammonium molybdenyl 
jp^Titociiloride (jAUESandWARBULW), 
2737. 

Bis-ay-diplienozy^^opropyl phospliate 
(Botd aad Labhams), 220. 
Bis-av-dipbeitylallyl ether (Shoppee), 
26#59. 

4:4-Bis(diplLezLylamine-2^-ar8i]iio acid) 
(OiBSON and Johnson), 2208. 
Bis- 07 -diphenylpropenyl ether (Shop- 
pee), 2570. 

Bis-a 7 -di-j?-tolyloxyis<?propyl phosphate 
(Boyd and Ladhamh), 219. 
2:2'^Bis(10-iodo-8-methyl-5:10-dihydro- 
phenarsazine) (Gibson and Johnson), 
2211. 

Bis-(4-methozystyryl nonyl ketone) 
(Hbilbeon and Ibving), 2824. 
Bis-(d:4-methylenediozystyryl nonyl 
ketone) (Heilbron and Irving), 
2325. 

2:2^-Bi8(8-methylph6narsazinic acid), 
and its sodium salt (Gibson and 
Johnson), 2210. 

ajS-Bis-Bid-d^nitrophenyl-ajS-G^icyano- 
snceinleaeid, ethyl ester (Pairbourne 
and Pawson), 1079. 

2:2-Bi8(phenarsazinic acid), and its 
salts (Gibson and Johnson), 2209. 
^^Bisthiohydantoins,” conat&tiou of 
(Stephen and Wilson), 2826. 
Bleaching powder, composition of 
(XiNGZBTT), 528. 

Boron, atomic weight of (Cotisen and 
Turner), 2654. 

parachur of (Etridge and Stjgden), 
989. 

Boron ^Wozide, ’’density of glasses of 
(Cousen and Turner), 2654. 

Boron organic compounds 
Boric acid, esters, preparation of 
(Etridge and Sugden), 989. 
Brazilin, and its derivatives, synthesis of 
(Perkin, EAt, and Eobinson), 1504. 
Bromination, comparison of chlorination 
with (Watson and Egberts), 2779. 
Bromine, effect of intensity of light on 
photochemical combination of 
%drogen and (Briers and Chap- 
man), 1802. 

vapour, Budde effect in mixtures of 
air and (Brown and Chapman), 560. 
action of, on acetic anhydride (Wat- 
son and Egberts), 2779. 
action on aliphatic acids (Wat- 
son), 1137. 

action of, on strontium oxide, and its 
hydrates (Dunniclipp, Suri, and 
Malhotra), 3106. 

addition of, to ethylenic compounds 
in non-hydroxylic solvents (Wil- 
LUMS and James), 343. 


Bromine water, action of, on olefinic 
acids (Bead and Eeid), 745. 

Brucine, constitution of (Fawcett, 
Perkin, and Eobinson), 3082. 

Budde effect in mixtures of air and 
bromine vapour (Brown and Chap- 
man), 560. 

Buffer mixtures, dilution and neutral 
salt errors of (Morton), 1401. 

Bulbocapnine methyl ether, synthesis 
of, and its derivatives (Qulland and 
Haworth), 1132. 

Butadiene ^ibromides, isomeric (Ear- 
MBR, Lawrence, and Thorpe), 729. 

7 i-Butoxyaeetic acid, and its ^-menthyl 
ester (Rule, Hay, and Paul), 1356. 

jj.^oButoxybeiLZoic acid, preparation of 
(Bradfield and Jones), 3081. 

^er^.-Butylb 6 nzene, ammo-, bromo-, 
bromoaroino-, iodo-, nitro-, and nitro- 
amino-derivatives (Shoesmith and 
Mackie), 2336. 

o-^^r^.-Butylbenzoie acid (Shoesmith 
and Mackie), 2339. 

o-?i-Bntyl-A^-cyc7ohexenylcyanoacetic 
acid, ethyl ester (MgEae and 
Manske), 486. 

a-«-Butyl-A^-nouenoio acid, a-cyano-, 
ethyl ester (McEae and Manske), 487. 


C. 

Cadmium hydroxyhyponitrite and 
hyponitrite (Heooi andsHANDi), 1453. 
Ceesium hyponitrite (Hbogi and Handi), 

1452. 

Calcium hyponitrite (Hbogi and Handi), 

1453. 

Callistephiu chloride, constitution of 
(Eobbrtson and Eobinson), 1460. 
Camphoranilic acids, bromo- and iodo- 
(Singh, Ahujta, and Lal), 2410. 
Camphoric anhydride, action of sub- 
stituted aromatic amines on (Singh, 
Ahuja, and Lal), 2410. 
Camphoro-j^-bromophenylimide (Singh, 
Ahuja, and Lal), 2413. 
Camphoroiodophenylimides (Singh, 
Ahuja, and Lal), 2410. 
d-Camphorsulphonic acid, triethylene- 
diaminenickel salt (Bucknall and 
Wardlaw), 2742. 

Campnospermonol, and its derivatives 
(Jones and Smith), 65. 
Campmspermuin IreiiipeMolaMmiy oily 
exudate from (Jones and Smith), 65. 
Garane, hydroxychloro- (Pillay and 
Simonsbnt), 364. 

5-Carbamido-2-hydrozyphenylarsinic 
acid (STiGjciNGs), 8133. 
27 -Carbamidophenylarsiidc acid (Stiok- 
ings), 8133. 
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Carbazola-l-carbozflie acid (Biiiscos 
and Plakt), 1990. 

S-Carbethozyamino-S-acetamido-d- 
bydrozypbenylarsinic acid, Z-a- 
chloro- (Newbery, Phillips, and 
Sticeikgs), 3064. 

3- CarbetlLozyami&o-4-liydroz3rp]ienyl- 
arsinic acid, 3-cu'Chloro- (Newbery, 
Phillips, and Sticrihgs), 3063. 

4- i?“Carbetbozyben2enea2o-5-bydroxy- 
2:3:3: 3-tetranietbyl-A^><^oZapenten- 
one (Shoppee), 2864. 

i^-Carbetliozybenzylmalonic acid, and 
chloro-, ethyl esters (Titley), 2581. 

m-Carbetbozybenzylmetbylmalonic 
acid, ethyl ester (Titlet), 2582. 

7-Garbethozy-n-hezyIaininopropyI- 
axsinie acid (Gough and King}, 2443. 

7-o-Carbethoxyphenyl-7i-bntyric acid, 
ethyl ester (Titlet), 2577. 

5- o-Carbethozyphenylmethylcarbamyl- 
l;2-dimethyl-4-4ninolone, and 6- 
bromo-3-2?-bromo- (Beilbroh, Holt, 
and Kitchen), 987, 941. 

o-Carbethozyphenylin6thylcarbainyl*2- 
methylqninoline, 4-chloro-6-bromo- 
8-p-bromo-, methochloride {Heil- 
BRON, Holt, and Kitchen), 941. 
4-chloro-, metho-salts (Heilbron, 
Holt, and Kitchen), 988. 

7-3-Carb6thozypiperidinopxopylarsinic 
acid (Gough and King), 2445. 

Carbocyanine dyes (Hamer), 3160. 

Carbobydrazide, reactions of (Munro 
and Wilson), 1257. 

3-o-GarbQmethozyphenylmethylcarb- 
aiiiyl-l:2-diinethyI-4-qtunolone( Heil- 
bron, Holt, and Kitchen), 937. 

3-o-Garbomethozyplienylmeihylcarb- 
amyl-2-xn6thylqiiinoliae, 4-chloro-, 
salts (Heilbron, Holt, and 
Kitchen), 939. 

Carbon chains, alternating effect in 
(Ingold and Yass), 417, 2262; 
(Barer, Cooper, and Ingold), 
426; (Ingold and Eothstbin), 1207, 
1278 ; (Ingold, Shaw, and Wil- 
son), 1280; (C. K. and E. H. 
Ingold), 2249. 

hydrosols, preparation of (Ohirno- 
aga), 298. 

Carbon monoxide, decomposition of, in 
the corona discharge (Ott), 1378. 
indanunation of mixtures of air and 
(Maxwell and Wheeler), 15. 
effect of cataljrsts on flame speed, 
in&a-red emission and ionisation 
during combustion of oxygen and 
(Garner and Johnson), 280. 
disulphide, ignition of (White), 751. 
action of acetylene with (Briscoe, 
Peel, and Eobinson), 2857. 


Carbon : — 

Carbonic acid, trC- and 2e^m-thio- 
(Mills and Eobinson), 2380. 

Carbonyl compounds, thermodynamic 
stability of cyanohydrins of (Lap- 
worth and Mansre), 2533. 
ajS-nnsaturated, reactivity of the 
double bonds in (Seshadri), 166. 

o-Carbozybenzaldehyde p-nitiophenyl- 
hydrazone (Eowe and Levin), 2555. 

0- Carboxybenzenesnlphinic acid,jo-nitro- 
benzyl ester { Price and Smiles), 2861. 

3- Carboxy-1.4-benzisoozazine-6-arsinic 
acid, 8-hydroxy- (Newbery, Phil- 
lips, and Sticrings), 3062. 

p-Carbozybenzylmalonic acid (Titley), 
2581. 

i^-Oarhoxycinnamic acid, and its ethyl 
ester (Titley), 2581. 

4(5 )-Carhozy-l: S-dimethylglyozaliniuin 
picrate (Hubball and Pyman), 31. 

2^-Carboxydiphenyl sulphoxide, 2:4-d^- 
hydroxy- (Price and Smiles), 3157. 

4- Carbozydiphenyl selenide and its di- 
bromide, and selenoxide, and its 
salts (Gatthwaite, Kenyon, and 
Phillips), 2280. 

1- Carhoxyt^cZoheptane-l-acetic acid, 

preparation of, and its derivatives 
(Vogel), 2025. 

4- Carboxy-2':4':6':2";4";e"-h6xaitteth- 
oxytriphenylcarbinol, acetate of, and 
its perchlorate (Lund), 1573. 

2- Carhoxy-4'-hydroxydiph8nyl sulphide 
(Price and Smiles), 2862. 

2-Carho^-S':4'-<fo*hydroxydiphenyl 
sulphide (Price and Smiles), 2862. 

5- Carboxy-2-methoxy-l-ttj8i8j8-ieira- 
chloroethylbenzene (Chattaway and 
Oalvbt), 2915. 

5-0arbozy-2-methozy-l-i9i8^-^r2chloro- 
o-hydroxyethylhenzene (Chattaway 
and Oalvet), 2915. 

5-Carhozy-2-methoxyplienylglyozylic 
acid, and its phenylhydrazone (Ohatt* 
AWAY and Oalvet), 2917- 

5-Carbozy-l-siethylglyozaline picrate 
(Hubball and Pyman), 28. 

l-CarhoxycycZopentane-l-acetio acid, 
and its derivatives (Vogel), 2022. 

a-Carhozypentane-76-dione. See 78-Di- 
ketohexoic acid. 

m-Carhox^henyl ethyl sulphide di - 
bromide (Holloway, KiS^yon, and 
Phillips), 8004. 

ethyl sulphoxide, preparation and 
resolution of (Holloway, Kenyon, 
and Phillips), 3003. 

j^-Garboxpiheuyl methyl selenide and 
selenoxide, and their salts (Gay- 
THWAiTE, Kenyon, and Phillips), 
2280. 
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S-o-CarbozyplienylantliracexLe (Gooe), 
64. 

9-0-Garl)OzyplLexLylaiitliroiLe (Cook), 63. 

5-CarbozyphenylarsiiLic acid, S-amino- 
4-hydroxy-, and its acetyl derivative, 
and 8-nitro-4-hydroxy- (Newbeet, 
Phillips, and Stioeinos), 3062. 

/S-o-Oarhoxyphenylisobutyric acid (Trr- 
LEY), 2677. 

i3-?)t-Carboxyphenyl^butyric acid, and 
its methyl ester (Titlet), 2582. 

c^^m-Carboxyphenylethylsnlphiiie- 
^tclnenesnlphonylinrine, preparation 
and resolution of (Holloway, Ken- 
yon, and Phillips), 3004. 

7n-€arboxyphdnyIethylstilphone (Hol- 
loway, Kenyon, and Phillips), 3004. 

B.c-Carboxylphenyl-S-hydroxyanthrozLe, 
spirocyclic lactone of iCook), 63. 

o-Garboxyphenyl 2-hydroxy-o-naphthyl 
sulphide (Pkice and Smiles), 2863. 

y-o-Carbozyphenyl-a-methylbutyricacid 
(Titley), 2678. 

3-c-Garboxyphenylxaethylcarbamyl- 
l:2-diinethyl-4-q[tdnoloiie (Heilbeon, 
Holt, and Kitchen), 937. 

Carboxyphenyl-i?-nitrobeiizylanlph- 
ones, and their j!»-nitrobenzyl esters 
(Pkice and Smiles), 2861. 

jS-c-Carboxyphenylpiopionic acid, and 
its ethyl ester (Titley), 2576. 

Carbozyphenylpropionic acids, and their 
methyl esters (Titley), 2581. 

(^-A^-Carene, oxidation of (Pillay and 
Simonsen), 361. 

rf-Carene-j8-glycol, and its hydrogen 
phthalate ( PiLLAYand Simonsen), 362, 

Z-Carene oxide, and its semicarbazone 
(Pillay and Simonsen), 363. 

Caronic acid, methyl ester, and its 
reduction (Habihaean, Menon, and 
Simonsen), 438. 

Carvacrolaldehydes, synthesis of (Bell 
and Henky), 2221. 

Caryophyllene, reaction for detection of 
(Gibson), 760. 

nitrosite, rotation dispersion and 
circular dichi'oism of (ADtohell), 
3258. 

Catalyiis, acid and salt effects in 
(Dawson and Key), 543, 1239, 1248, 
2154; (Dawson and Lowson), 2146, 
3*218 s (Dawson, Hall, and Key), 
2844. 

Catalysts, postulated, deteimination of 
mean life of (Bbiebs and Chapman), 
1802. 

Catalytic hydrogenation of cyclic com- 
pounds (Salieot and !Hi£hai- 
Lov), 438, 

ujasaturated compounds (Lebedev 
and Yakdbohik), 828, 2190. 


CateohylthymylacetonitrUe (Bell and 
Henby), 2226. 

Cathodes, antimony, electrolysis with 
(Grant), 1987, 

Cells, electrochemical, Haber’s glass 
(Hughes), 491. 

silver nitrate, in acetonitrile and 
benzonitrile (Koch), 524. 

Cellulose, cotton, velocity of acid 
hydrolysis of (Hhntee), 2648. 

Cerium zfioxide, mixed catalysts of 
thoria and (Goggs), 2667. 

Charcoal, heat of adsorption of oxygen 
on (McKie), 2870. 

animal, adsorption of organic acids 
on (Gbifpin, Riohaedson, and 
Robeetson), 2705. 

Chemical constitution. See Constitution, 
chemical. 

reactions. See nnder Reactions. 

Chloral, condensations of, with anisic 
acid, 2 ?-nitroanisole and 2:6-dichloro- 
quinol (Chattaway and Calvbt), 
2913. 

action of, on halogen-substituted 
phenylhydrazines (Chattaway and 
Daldy), 2756. 

condensation of, with substituted 
phenols (Chattaway and Oalvet), 
1088. ' 

2:4:6-tricUlorophenylhydrazones of 
(Chattaway and Daldy), 2759. 

Chlorination, comparison of bromination 
with (Watson and Roberts), 2779. 

Chlorine, photochemical combination of 
hydrogen and, in glass capillary 
tubes (Chapman and Gbigg), 
3233. 

Hydrochloric acid, densities and 
viscosities of mixtures of lithium 
chloride and (Ingham), 2381. 
catalytic activity of, in hydrolysis 
of ethyl acetate (Dawson and 
Lowson), 2146. 

reactions of, with selenium and 
tellurium dioxides (Parker and 
Robinson), 2853. 

Chloroamines as halogenation agents 
(Bradfield, Orton, and Roberts), 
782. 

if^-Cholestene, formation of, from dry 
distillation of cholesterol (Heilbeon 
and Sexton), 347. 

Cholestenone, formation of, from dry 
distillation of oholesterol(HEiLBRON 
and Sexton), 347. 
preparation of (Sexton), 2825. 

Cholesterol, dry distillation of(HEiLBRON 
and Sexton), 347. 

derivatives, absorption spectra of 
(Heilbeon, Horton, and Sexton), 
47. 
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CliroiniTim, paraclior for (Faeiman and 
Sugben), 264. 

ClLrcmium salts, action of dnorine on 
aqueous solutions of (f icetek and 
Brunnek), 1862. 

Cluromyl cliloride, paraclior for 
(Freiman and Sugben), 268. 
Cliromic acid, second dissociation 
constant of (Hughes), 502. 
apparatus for oxidation with 
(Short), 2630. 

Cinnamic acid, addition of mixtures of 
bromine and chlorine to, and its 
derivatives (Haksoe and James), 
1955. 

Cinnamic acid, chlorobromo- (Hahsok^ 
and James), 2983. 

Cinnamyl alcohol, js-chloro-, and its 
bromide and ^^-nitrobenzoate (Bur- 
ton), 1655. 

Coal, composition of (Holroyb and 
Wheeler), 2669, 3197- 
rational analysis of (Francis and 
Wheeler), 2967. 

Cobalt bases (codaf^ammines) : — 
SelenltopentammincGobalt salts 
(Eiley), 2985. 

Cobalt sulphate, equilibrium of, with 
potassium sulphate and water (Caven 
and Johnston), 2506. 

Cobalt organic compounds 
Cobalt allylammes (Buchnall and 
Warblaw), 2648. 

Coke, determination of volatile matter 
in (Eaton and Pexton), 1215. 

Colour and constitution (Hobgson and 
Handley), 162, 1882. 

Colouring matters. See Genistein. 

Combustion, slow, antoxidation during 
(Marbles), 872, 

Compounds, conjugated, properties of 
(Farmer, Lawrence, and Thorpe), 
729 ; (Evans and Farmeb), 1644. 

Constitution, chemical, and rotatory 
power (Gbrrard and Kenyon), 
2562; (Holloway, Kenton, and 
Phillips), 3000. 

and the parachor (Frsiman 
and SuGBEN), 263; (Sugben), 
410; (Etribge and Sugben), 
989. 

and adsorption (Griffin, Eicharb- 
SON, and Bobertson}, 2705. 
and colour (Hodgson and Hand- 
ley), 162, 1882. 

and trypanocidal action (Gouge 
and King), 2426. 

Co-ordination and residual acuity 
(Morgan and Burstall), 143 ; 
(Morgan and Gastell), 3252. 

Copper hydrosols^ conductivity of 
(Murray), 1285. ’ 


Copper 

Cupric bromide, solubility of, in 
aqueous and hydrobromic acid 
solutions (Carter and Megson), 
2954. 

sulphate, hvdrolysis of (Hughes), 
503. 

Cuprous chloride, interaction of 
potassium chromate and di- 
chromate with, in sodium chloride 
solution (Venn and Edge), 2142. 
hydride, action of, on diazonium 
salts (Neogi and Mitra), 1332. 
Corytuberine dimethyl ether {(juLLANB 
and Haworth), 1834. 
isoConmarin, 3-chloro- (Davies and 
Poole), 1618. 

Coumarins, reactivity of the donble 
bond in (Sbshabri), 166. 
m-Cresol, iuflaence of electrolytes on 
solubility of, in water (Carter and 
Hardy), 127. 

Cresols, equilibria of amines with 
(PusHiN and Slabovic), 2474. 
Crotylideneacetone, hydrogenation of 
(Evans and Farmer), 1647. 
Cryoscopy with dibenzyl ether (Ben- 
nett and Willis), 2305. 
with phenols (Eicharbson and 
Eobeetson), 1775. 

Z-a- and -jS-Curenmenes, with their 
derivatives (Eao and Sihonsen), 2496. 
Cyanidin chloride, synthesis of, and 
its benzoyl derivaidve (Robertson 
and Bobinson), 1526. 

GjToCyanines, constitution of (Mills and 
Orbish), 81. 

\[>-Cyanine condensation (Hamer), 206. 
Cyanine dyes (Mills and Orbish), 81. 
isoCyanine dye (Heilbron, Holt, and 
Kitchen), 934. 

Cyanogen : — 

Hydrocyanic acid, and its alleged 
isomerides, and its methyl ester, 
mercuric derivative (Coates, 
Hineel, and Angel), 540. 
cuprous salt, action of methyl iodide 
on (Hartley), 780. 

Cyanoplatinates, structure of (Teebey), 

202 . 

Cyclic compounds, synthesis of (Vogel), 
1013, 2010, 2032. 

catalytic hydrogenation of (Sabieov 
and Mihhailov), 438. 

Cylinders, closed, explosions in (Kirhby 
and Wheelbr), 8203; (Ellis and 
Wheeler), 3215. 


B. 

r-^irGjis-PeeflhydrchiS-naphthylcyiw . 

ace^ add, ethyl ester (Vogel), 2026. 
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^mfis-Beoaliydro-jS-ziaphthylideneoyano- 
acetic acid^ ethyl ester (Vogel), 2026. 

^mTis-Decaliydro-iS-zLaplLtliylmalonic 
acid (Vogel), 2027. 

Deca]ie4:10<dicarl)ozylic acid, methyl 
hydrogen eater (Bhattachabya, 
Saletohb, and Simonsen), 2679. 

DesLethylpyiopseudacosine (Shabp), 
3099. 

Densi-tensimeter (Smxts), 2409. 

Density of hqnids, determination of 
(Gbindlet), 3297. 

Deozylupanine, and its derivatives 
(Olemo and Leitch), 1818. 

Deozytiimeihylbrazilcne, prepaiation 
of, and its bromides (Peekiit, RIy, 
and Robinson), 1508. 

r-, dr and Z-Desylamine hydrochlorides 
(McKenzie and Walkbb), 660. 

r- and Mlesylphthalamic acids (Mc- 
Kenzie and V7 alkeb), 648. 

2:2^-BiacetmethylamidodiplL6nyl di- 
selenide (Clabk), 2317. 

jSjS-Diacetoxyethyl ether (Macleod), 
3092. 

Diacetylanthrapnrpiirins, and their 
methyl ethers (Pebkin and Storey), 
235. 

Diacetylphenylenediamines, amino- 
(Phillips), 176. 

Diacetyltartarie acid, and its esters, 
rotatory dispersion of {Austin), 1826. 
ethyl ester (Findlay and Campbell), 
1772. 

Dialkylsnlphones, decomposition of 
(Fenton and Ingold), 8127. 

Dianunisenickelosalicylic acid, methyl 
ester (Boae and Palmer), 2769. 

Dianhydro-6-aminopiperonaldihydro- 
eodeinone, and its methiodide (Gul- 
land), 703. 

Diarylozytsopropyl alcohols, action of 
phosphoryl chloride on, in pyridine 
(Boyd and Ladbams), 215. 

Diazenes, reactions of (Bradley and 
Robinson), 1310. 

Diazoacetophenone (Bradley and 
Robinson), 1317. 

ciH>Dlazo-4-henzylozy-3 :5-dimethozy- 
acetophenone (Bradley and Robin* 
son(, 1559. 

<u-Diazo-8:4-diacetozyacetophenone 
(Biladlby and Schwabzenbach), 
2907. 

Biazomethane, acylation of (Bradley 
and SOEVTARZENBAOH), 2904. 
interaction of benzoyl chloride and 
(Bradley and Robinson), 1310. 

a7-Biaam*i?-nitroaoetophenone (Bradley 
and ScmvARZENBAOH), 2907. 

Biazoninm salts, action of cnprons 
hydride on (Neogi and Mitra), 1332. 


Diazo-saltsi action of, on aromatic 
sulphonamides (Key and Durr), 2035. 

1- Dlbenzenesnlphouamido-S-nitronaph- 
thalene (Mills and Elliott), 1299. 

Bibenzoyltartaric acid, esters (Findlay 
and Campbell), 1773. 

Dibenzyl ether as a cryoscopic solvent 
(Bennett and Willis), 2305. 

10:10-Dibenzylanthrone,l-chloro-(BAR- 
NETT and Cook), 572. 

9: 10-Dib6nzyl-9:10-dihydroanthTanol, 
l:5-dtchloro- (Barnett and Cook), 
669. 

Dibenzylethyl-Ti-hutylstaxmane (Kip- 
ping), 2372. 

Dibenzyl ketone, anhydropyrylium bases 
and ^Vopyrans from (Dickinson, 
Hbilbron, and O’Brien), 2077. 

9 :9-Dibenzyl-10-methyl-9: lO-dihydro- 
anthxanol (Barnett and Cook), 671. 

f-Dibenzyl-2'pyrrolidon6-5-carbozy- 
anilide (Gray), 1266. 

DibenzylsUicon dtchloride, action oi 
sodiam on (Steele and Kipping), 1431 . 

Di(0-benzyl8yringoyl)BXLCCuLic acid, 
ethyl ester (Bradley and Robinson), 
1668. 

l:3-Dibenzylthiolbenzene ^isnlphoxides 
(Bell and Bennett), 3192, 

Dibenzylthiolethane disulphozides 
(Bell and Bennett), 3191. 

iV.^^-Dicarhethozybenzidine8, mono^ 
and cZi-nitro- (LeF^vre and Turner), 
252. 

A^iV^-Di-o-carbethoxybenzoylbenzidine 
(Le FtivRE and Turner), 251. 

3:3'-Di(o-oarbethoxyphenyl2nethyl- 
carbamy 1]-1 :2;l^-trim6thyl^ocyanine, 
4'-chloro-, salts (Hbilbron, Holt, 
and Kitchen), 940. 

l:2-Dioarbomethoxy-S-metliyl<;y(jZopro- 
pane-3-cyanoacetic acid, methyl ester 
(Goss and Ingold), 1273. 

2:2'*Diearboxymethyithioldiph6nyl 
(Barber and Smiles), 1146. 

4:4'-Dioarbox^henyl diselenide (Gay- 
THWAiTB, Kenyon, and Phillips), 
2286. 

Dicarvacrylaeetonitrile, and its acetyl 
derivative (Bell and Henry), 2224. 

AT/'-Dicixmamoylbenzidine (Lb FkvRE 
and Turner), 261. 

2;3-Di(8:4-dimethoxy8tyryl]-6-methyl- 
qninoxaline (Bennett and Willis), 
1971. 

2- 3-Di(3 :4'dimethoxystyryl)quinozaline 
(Bennett and Willis), 1969. 

Diethyl sulphide, i8j3'-£?2chloro-, chlorin- 
ation products of (Mumford and 
Phillips)^, 165, 

telluride, isomeric derivatives of 
(Gilbert and Lowry), 3179. 
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3:3'»Diet]Lylaln2JLO-4:4'•^^lly€Lroz7- 
arsenobenzene, 5:5^-^iammo-3;3"-c2t- 
Ji-hydroxy-, diacetyl derivative {Kfiw- 
BBEY, Phillips, and Stickings ),8064. 

l:l'-Dietbyl-5:6(or5':6')-beiiz-^-cyaiiine 
iodide (Hambr), 2 1 2. 

i33-Diet3iylbiityrolactoiie, and its silver 
salt (SiBCAR), 901. 

BletbylcarbonatoaUzarin (Pbbhzn and 
Storey), 240. 

Bietbiylcarbonatoantbragallols, and 
their methyl ethers (Perkin and 
Storey), 242. 

2:7-DietlLyIearbonatoanthrapnrpiLrin, 
and its 1-methyl ether (Pseein and 
Storey), 236. 

lil'-Biethylisocyanine iodide (Hamer), 
213. 

Biethyleiie oxide, acetylation of 
(MACLEon), 3092. 

l;l'-Dietliyl4-cyanme iodide (Hamer), 

212 . 

4:4'-l)iethylozaxnidodiphenyl (Ls P;^vbe 
and Turner), 251. 

2:2^-l)iethyl8elenocarbocyani]L6 iodide 
(Clark), 2319. 

Biethyltellnrone (Gilbert and Lowry), 
3182. 

tt-BiethylteUnroninm halides (Gilbert 
and Lowry), 3181. 

l':2-Diethylthia-^-cyanine iodide 
(Hamer), 213. 

iSiS-Biethylvalerolaotone, and its silver 
salt (Si&oar}» 903. 

2:3-Bi(B-jbijylyinyl}qninozaJine (Ben- 
nett and WiLUs), 1969- 

Bihydroaromadendrene (Briggs and 
Shout), 2527. 

2:3-l)ih7dro-l :4-benz»(7oxazm6-6>aTsen- 
oxide (Hewbbby, Phillips, and 
Stiokings), 3064. 

2:3-PilLydro-l:4-bensisoozazuLe-6' 
arsiaie acid (Kewbsry, Phillips, 
and Stiokings), 3063. 

3:4-BlhydToisocoiiinarin, 3:3 ;4:4-^«fm- 
chloro- (Davies and Poole), 1619, 

3:4-l>ili.ydrocoiunarin-4-aeetio acid, and 
6-ttitro- (Seshasri), 169. 

3:4-I)iliydxoeoiimarin-4-citrbamylaoetie 
acid, d-amino-, and its hydrochloride 
(Seshabki), 172. 

3:4-Bi]iydrocoTUiiarin-4-eyanoacetaiiiide, 
and 6-ainino-, and its benzoyl deriv- 
ative and 6-nitro- (Sbsharei), 168. 

3:4-BihydrocoimiaTin-4-cyanoaeetle 
acid (SssBAHRi), 168. 

?-l)ihydro-a-ciircTinaienyla 2 nin. 6 , and its 
acetyl derivative (Eaq and SimonsEK), 
2502. 

Z-Bihydro-c-ciureiimenylttimethyl 
ammonium hydroxide and iodide (Eao 
and SmoKSEN), 2503. 

5 T 


Bihydrodeoxytrimethylbrazilone (Per- 
kin, EIy, and Eobinson), 1510. 

Bihydrozsoindole, sulphonyl derivatives 
of (Fenton and Ingold), 3295. 

dzlO-Dihydrophenarsazine, 10-chloro-, 
and its derivatives (Gibson and 
Johnson), 2204. 

Bibydroisosafrole, j8-amino-a-hydroxy-, 
and its hydrochloride (Bead and 
Reid), 1491. 

2:4-Bik6to-5-etlLyltetraliydrothiazole, ^ 
3-amtno-, 2-hydrazon6, and its di- 
benzylidene derivative (Stephen and 
Wilson), 1419. 

2;4-Biketo-5*ethyXt6trali7drotMazole- 
2'ketazm6 (Stephen and Wilson), 
2827. 

yS-Biketohexoio acid 7-phenylhydr- 
azone, and its sodium salt (Clemo and 
Welch), 2627. 

2:4-Biketo-5-methyltetraliydrotlLiazole, 
3-amiuo-, 2-hydra2one, and its di- 
benzylidene derivative (Stephen and 
Wilson), 1418, 

2;4-Bi]Eeto-5-metliyltetrahydrotliiazole- 
2-ketazine (Stephen and Wilson), 
2h27. 

l:2-Biketon6S, absorption spectra of 
isomeric (Lowry, Moubev, and 
MacOonkey), 3167. 

l:8-Biketone8, relative reactivity of 
methylene groups in (Lovett and 
Roberts), 1975 

l:4-BiketO'3-( 3'-nitrophenyl)tetra- 
hydrophthalazins (Rowe, HimmAt, 
and I^vin), 2563. 

lHrBik6to-3-(4'-nitroidienyl)tetra- 
hydrophtltalazine (Rowe and Levin), 
2554. 

Biketosuccinaail osazones and p-tolyl- 
hydrazone (Ohattaway and Hum- 
phrey), 1087. 

Biketosuccinanilic acid phenylosazone 
(Chattaway and Humphrey), 1097. 

Biketosueoinie acid phenylosazone, 
imide ring derivatives of (Chattaway 
and Humphrey), 1094. 

Biketosuecinimide phenylosazone 
(Chattaway and Humphrey), 1096. 

Biketosuoeinobenzylamic acid phenyl- 
osazone, beszylamine salt {Ohatt- 
away and Humphrey), 1096, 

Biketosueoinobenzylimide phenylosaz- 
one (Chattaway and Humphrey), 

1096. 

BQcetosuecInodibenzylamiB acid phenyl- 
osazone, and its dibenzylamine salt 
(Chattaway and HuMPHEBYh 
1697. 

Biketosuceinophenylhydrazide osazones 
(Chattaway and Hujiphbey), 

1097. ' 
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BiketosuceiAopIie&ylmetliylliydxazide 
phenylosazone (Chattawat and 
Humphrey), 1097. 

2:4-l)iketo-l:2:3:4-tetraliydro>l:3-q.xiiii- 
azoline-T-arsinie acid (STiCEiHas), 
3134- 

2:4*Diketotetraliydrotliiazole 2-semi- 
earbazone (Stephen and Wilson), 
1421. 

2;4-BiketotetralLydrothlazole, 3-am!no-, 

2- liydrazone (Stephen and Wilson), 
1418. 

4:4'-Biketo-l:l':2'-trimetliyl-l':4^-di- 
liydro-2(3'}-qLiiinolylq.ninazoliiLe 
(jaEiLBRON, Holt, and Kitchen), 
938. 

3i5'‘Dim6t!ioxyacetoplienon€,4-bydroxy-, 
and its benzyl deriyative (Bradley 
and Kobinson), 1564. 

5:6>Dimet1iozyaporpliizLe, and its hydro- 
chloride (Gulland and Haworth), 
581. 

6:7-l)ixaet]iozy-l-beiizyl-S:4-dihydroiso- 
qninolme, 2^-nitro-, and its deriv- 
ativea (Gulland and Haworth), 586. 

3:4-Dim6thozyb6nzylideiLemalonic acid 
(Jackson and Kenner), 1661. 

6:7-Dlniethozy-l'benzyl-3-nietliyltetra- 
hydroiso^nhadine, 2'-ain]no-, and its 
derivatives (Gulland and Haworth), 
589. 

2':5'-Biinet]iozy'2-benzylqui2iozaline, 

3- hydroxy- (Gulland and Virden), 
1482. 

7;8-])imethozycaxbostyril(OuLLAND and 
Virden), 932. 

2:5-BimethoxyGumaiiiic acid, a-amino-, 
benzoyl derivative (Gulland and 
Virden), 1481. 

3:4rBimethoxycinnamio acid, 2-amino-, 
and its hydrochloride and acetyl 
derivative, and <raws-2-nitro- (Gul- 
land and Virden), 932. 

6;6'-Biinethozydiph8mc acid, resolution 
of, and its alkaloid salts and methyl 
ester (Kenner and Turner), 2340. 

5:5^Bimetho^diphenyl sulphides, di- 
nitro*- (Hodoson and Handley), 
626. 

disulphides, diamino-, and their de- 
rivatives (Hodgson and Handley), 
625. 

2:3'-Bimethozy^phexLy^lutaric acid, 
and its derivatives (Jackson and 
Kenner), 1661. 

Sfi^'-IKmethoxydipheuylsulplLones, di- 
nitro- (Hodgson and Handley), 627. 

2:5-BiiB0thozydiph6nyl8tdphon6* 
2'-earbozylie aeicU and its methyl 
ester (pRicfB and Shiles), 3157. 

2:4-Biinethczy-6-«thylheiizaldehyde 
(Barger and Silbebschhidt), 2924. 


3:4-Biinetliozy-6'ethylbenzoic acid 
(Barger and Silberscemidt), 2925. 

3:4-Bimetbozy-6-etbylbenzylide]iehipp- 
urie acid, azlactone of (Barger and 
Silbbrschmidt), 2925. 

3:4 Bunetliozy-6-ethylphenylacetic acid 
(Barger and Silberschmidt), 2926. 

a-3:4-Bimethozy-6-ethylpheuyl-^-6- 
nitro-3:4-dimethozy-i3-ph6nylacryllc 
acid (Barger and Silbbrschmidt), 
2926. 

3':5'-Bixn©thoxyflavyliuitt chloride, 
5:7:4'-inhydroxy- (Bradley and 
Eobinron), 1566. 

2-(4': 6'-Biinethoxy-2'-i8-methylaaiino- 
ethyUphenyldibydroindole, and its 
derivatives (Gulland and Haworth), 
589. 

2-(4':5'-BinLethozy-2^-j8-methylainiiio- 
6thyl)phenyliiLdole, and its deriv- 
atives (Gulland and Haworth), 
587. 

2-(4';5^-Bimethoxy-2'-i3-methylaznino- 
ethyl)ph6nyl-3-oximinoindole (Gul- 
land and Haworth), 588. 

3 ':4'-Bimethozy*6 :7-methylenedioxy- 
l-benzyl-3:4'dihydroisoqiiinoline, 
2'-nitro*, and its salts (Gulland and 
Haworth), 1134. 

3':4'-Bunethoxy-6:7-me1diylenedio]5r“l' 
benzyl-2-mefeyltetrahydrowoqiiiiio- 
line, 2^-amino-, and its dihydrochloride 
(Gulland and Haworth), 1135. 

3:4-Bimethozy-a-methylhoinopht!Lalic 
anhydride, and 6-bTomo- (Koepfu 
and Perkin), 2998. 

5 :6-Bim6thozy-3-methyl-l-hydzindone, 
and its derivatives (Koepfli and 
Perkin), 2996. 

3:8-BiDi6tbox^benaiLthre&e-5-carb- 
oxylic acid, 4-hydroxy-, lactone 
(Gulland and Virden), 928. 

8':4'-Bimethozyplienylac6tc-i3-3:4-di- 
methozyphenylethylaxnide, 2'-nitro- 
(Gullaio) and Haworth), 1835. 

3':4'-Bimethoz3rphenylacetO’j3-3- 
methozy^nylethylamide, 2^-nitro- 
( Gulland and Haworth), 2084. 

3^:4^-Bimethozyphenylac8to-/3-3:4- 
methylenedioxyphenylethylamide, 2'- 
nitro- (Gulland and Haworth), 
1134. 

;8-3:4-BiinethoxyphenylpropaBe-aa7- 
tricarbozylic acid, ethyl ester (Jack- 
son and Kenner), 1661. 

2:5-B2m6thozypheiiylpynLvic acid (Gul- 
land and Virden), 1481. 

7:4'-Bimethoxy-2-styryIisoflavoxLe, 5- 
l^droxy-, and its acetyl derivative 
(BAKER and Robinson), 8116. 

2;3-Bi(p-niethoxystyryl)-6-methylquiii- 
ozaline (BENNEra and Willis), 1971- 
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3:4*Biiaethoz7stj«yI noBiyl ketone^ and 
its dimeride (Heiusbon and Ibving), 
2324. 

2;3-]>i(metlioxyBtyryl)qiunoxalines 
(Bknuett and Willis), 1969. 

3:8-])imethozytliebsziidiiie, and its 
picrate (Gulland and Yiedbn), 927. 

Biznetliozytluozanthone eZ^zides (Pbice 
and Smiles), 3158. 

jS/S-Bimetliylacrylio acid, a-cyano', 
ethyl ester, synthesis of (Vogel), 2019. 

jp-Dimethylaminobenzaldehyde, re- 
duction of (Clemo and Smith), 2428. 

w-Bimethylamino-w-henzylaeeto- 
phenone, audits deriyatiyesfSTEYENS, 
Obeigeton, Gobdon, and Mac- 
Nicol), 3196. 

^-Bimethylaminohenzyl alcohol, prepar- 
ation of, and its deriyatives (Clemo 
and Smith), 2423. 

jS-Bimethylaminoethylarsinic acid, 
deriyatives of (Gough and Kihg), 
2435. 

iVA'-Bimethyl-ay-dfamino-jS-phenyl- 
propane, and itsdi-p-tolnenesnlphonyl 
derivative (Jackson and Kennek), 
1659, 

7-Biinethylaminopropylarsinie acid, 
salts of (Gough and King), 2441. 

Bimethylanilines, bromoamino,- bromo* 
WMWW- and -di-nitro-, chloroamino- and 
chloronitro-, and their acetyl deriv- 
atives (Clemo and Smith), 2420. 

l-2':4'-Bi^ihylanilino-l-cyanoc!yc?o- 
hezane (Betts and Plant), 2073. 

l-2^:4'-Bim6thyla3ulmo^cIohezaiie-l- 
carbozylic acid, and amide (Betts 
and Plant), 2073. 

5:5'-Biinethylar8enobenzene, 3 ;8-d£- 
amino-4;4'-dihydroxy- (Nbwbebt, 
Phillips, ami Stickings), 3061. 

2:2'-Bun6thylarsenob$nziimnazoles 
(Phillips;, 3137. 

8:8^Bimethy^6:6'-ar8eno-l:4-ben^^so- 
ozazine, 3:S'-dihydroxy- (Newbebt, 
Phillips, and Stickings), 3061. 

l:3-Bim6thyl-8:6-benz-4-caTboline 
(Kebmack and Slateb), 45. 

Bixnethyl-5:6-benzearholines, and their 
derivatives (Kebmack and Slateb), 
795. 

l:l'-Bixnethyl-S:6(or S^iOO-henz-il^- 
cyanine iodide (Hameb), 212. 

Bunethyl-l:2:3-benztxiazoIes (Bbaby 
and Reynolds), 201. 

l;6-BimethyM:2:3-h6nztriazole 1-oxide 
(Bbady and Reynolds), 201. 

Xsl'-Bimethylisocyanine iodide (Ha- 
meb), 213. 

Bimethyldiethylaanmoninm chloride 
diarzinic add (Gough and King), 
2435. 


3:3-Biinethyl-l:l'-diethylindo-if^- 
cyanine iodide (Hakeb), 214. 

2:3-Bimethyl-l: 2-dihydrobenzthiazole, 
l-imino-, and its acetyl derivative 
(Hunteb and Styles), 3025. 

^Bimethyldihydro-a-cnrciimenylamine 
(Kao and Simoksen), 2504. 

4:l-Bimethyl-8:4-dih^£iroisoqninoline, 

4- aniino-, and its hydrochloride 
(Jackson and Kenneb), 1659. 

3:3'-Bimethyldiphenyl (3i3'-<f ^^^?IyZ), 6:5'- 
dichloTo - (McAlisteb and Ken- 
neb), 1915. 

5- chloro-4:4'-<fihydroxy- (Mobgan 

and Bubstall), 3268. 

3:3'-Bisiethyldiphenyl8, dzbromo-, di- 
bromodfnitro-, (Z2chloro-, andf^ichloro- 
iffnitro- (Lb FkvBB and Tubneb), 
967. 

Bimethyldiphenyl selenides, dihydrozy- 
(Mobgan and Bubstall), 3267. 

4:4^-Bizaethyldiphenyl-2:2'-distLlphonyl 
chloride (Babber and Smiles), 1147. 

8:3'-Bimethyl-5:5'-dipyrazolonyi 1:1"'- 
ketone (Munbo and Wilson), 1260. 

2:8-l)i(methylenediozyst3rryl)-6-niethyl- 
qninozaline (Bennett and Willis), 
1971. 

2:8-])i(iaethylenediozystyryl)q[iiinoz- 
aline (Bennett and Willis), 1968. 

l;4-l)imethylglyozaline-5-c8rbozylic 
acid, and its picrate (Hubball and 
Pyman), 30. 

l;4-l)imewyl^lyozalm6-5-formalde- 
hyde, and its picrate (Hubball and 
Pyman), 29. 

Bimethyl-^-indozyhrpfrocycZohezanes, 
and their acetyl derivatives, and nitro- 
(Betts and Plant), 2073. 

Bimethyl-lanrotetaninemethinc, and its 
derivatives (Babgsb and Silbeb- 
SCHMIDT), 2921. 

ajS-Bimethylpentenoie acids, and their 
derivatives (Abbott, Kon, and 
Satohell), 2519. 

iOr'-Diinethyl- 2 -phenylnaphth 3 rlene- 
l;3-diaxnine8, and their derivatives 
(Gibson, Kentish, and Simonsbn), 

2136. 

ArA^-Biinethyl-2-pheiiyliiaphthylene- 
1 iS-diamino-d-xnethylenecamphors 
(Gibson, Kentish, and Sxmonsen), 

2137. 

l^-Bimethyl-2-aniiiolone (Hameb), 
209. 

Dimethyl^ninozaline, action of methyl 
iodide on (Bennett and Willis), 
1974. 

2:3-IHinethyl^ninozali2ie, 2:Z-w4eim* 
bromo- (Bennett and Willis}, 1974. 

2:2'-3)ixnethyl8elenocarbeoyairine iodicb 
(Olabk), 2818^ 
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o^-Dimethylsuccinic acid, and its ethyl 
ester, preparation of (Vogel), 2020. 

a- and iS-BimetliyUeUuronitLm bases, 
electrometric titration of (Gilbert 
and Lowry), 1997. 

a- and iS-Dimetbyltellnroninm salts, 
extinction coefficients and molecular 
conductivities of (Lowry, Goldstein, 
and Gilbert), 307. 

l':2-D£ttet]iyltbio-i^-cyanine iodide 
(Hamer). 213. 

2:4-BimetlLylthiolaniU&ey and its hydro- 
chloride, and derivatives (Hodgson 
and Handley), 164. 

Bimethylthiolbenzenes, mercurichloride 
and disniphoxides of (Bell and 
Bennett), 3191. 

3;3^-BlmethylthioldiphenyI, and 4:4^- 
<fichloro-( Barber and Smiles), 1147. 

5:d'*3)imethylthioldiphenyl disulphide, 
4;4'-dmitro- (Hodgson and Hand- 
lev), 163. 

l:8-I>im6thyWthiolnaphthalene (Frioe 
and Smiles), 2374. 

aa'« and jSjS^-Dimethyltrimethylene 
oxides (Bennett and Philip), 1938. 

ajS-Bimethyl-fi-valericacid, j8-hydroxy-, 
ethyl ester (Abbott, Kon, and 
Satchell), 2519. 

Bimethyl T-xylonolaotone, and its 
phenylhydrazide (Haworth and Por- 
ter), 616. 

Binaplithalene-8:8'-disulpliinic acid, 
l:l'-dithiol- {Prioe and Smiles*. 
2373. 

BinaplLthaleiie-8:8^-disulphonic acid, 
l:l'>dithio- (Price and Smiles), 
2373. 

Binaphthaquinone, d^hydroXy-, and its 
diacetyl derivative (Clemo and 
Spence), 2817. 

o- and iso-Binaphthaquinone oxides 
(Clemo and Spence], 2817. 

Binaplithaxanthone (Clemo and 
Spence), 2819. 

jS-Dinaphthol (Clemo and Spence), 
2815, 

Bi-l-saphthyl selenide, d£-2-hydroxy- 
(Moegan and Bdrstall), 3269. 

Bi-2-a.apbthyl ifisnlphide, di-l-iodo- 
(Barbkb and Smiles), 1145. 

l:l^-Binaphthyl-2:2'-disiilphoiiiG acid 
(Barber and Smiles), 1148. 

Binaphthylene oxides (Clemo and 
Spence), 2815. 

^soBinapli&ylene oxide, and cZibromo- 
and dzhydroxy-, diacetyl derivative 
(Clemo and Spence), 2817. 

lil'-Binaphthylene 2:2^-<2^Iplude 
, (Baiotr a nd^SM iLy), 1148. ^ ^ 

**^(Boto and^LSs^^ 22f. 


l-a 7 -Bi-j>nitrophenoxyisopropylpyrid- 
ininm nitrate (Boyd and Ladhams), 
220 . 

Bi-Ti-octylsulphone (Fenton and In- 
gold), 3130. 

Biphenacyldimethylpiperazinium dz- 
bromide (Stevens, Creighton, 
Gordon, and MacNicol), 8196. 

ay-Biphenoxyzsopropyl phosphate, 
sodium salt (Boyd and Ladhams), 
219. 

Biphenyl, cyclic disulphides from 
(Barber and Smiles), 1141. 

Biphenyl, (iz'amlno-, bromoamlno- and 
nitroamino-derivativea, and their 
acetyl and toluenesnlphonyl deriv- 
atives (Bell), 2774. 
bromoamino-, bromohydroxy-, and 
bromonitro-derivatives, and their 
acetyl and benzoyl derivatives 
(Hinkel and Hey}, 1839. 
5-bromo-8-hydroxy- and 4:5-f2zl>romo- 
3-hydroxy-, and their benzoyl 
derivatives (Hinkel and Hey), 
1203. 

iriehlopo-, «2mhloraamino-, dichloro- 
nitro-, and 2:S:5-iriahloro-4'-nitro-, 
and their derivatives (Hinkel and 
Hey), 2791. 

Biphenyl selenide and selenoxide, 4- 
amino-, and their acetyl derivatives, 
and their halide salts (Gaythwaitb, 
Kenton, and Phillips), 2289. 
cfisulphide, 2;2'-(fzmino-, preparation 
and derivatives of (Clark), 
2319. 

3:3'-^wniiao-4:4''tfz*nitro-, diacetyl 
derivative (Hodgson and Hand- 
ley), 164. 

dz'-2-iQdo- (Barber and Smiles), 
1144. 

2:2'-^zthiol- (Barber and Smiles), 
1146. 

Biphenyl series (Le F&vre and 
turner), 245, 963; (Hinkel and 
Hey), 1838 ; (Bell). 2770. 

a 7 -Biphenylallyl bromides (Burton and 
Ingold), 916. 

ether, three-carbon prototropy in 
(Shoppes), 2567. 

Biphenylamine, p-amino-, .?7-acetyl 
derivative (Gibson and Johnson), 
1286. 

4'-bromo-2-amino-, and 4'-bromo-2- 
nitro- (MoCombie, Scarborough, 
and Waters), 856. 

Biphenylamine-^-arsinic acid (Gibson 
and Johnson), 1286. 

Biphenyla]nine-2'-carboxylic acid, 2- 
aznino-, and its hydrochloride (Mc^ 
OoMBiE, Scarborough, and Waters), 
358. ■ 
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OiplLen7lami2ie-2:4:6-trisiilplioixamlide 
(Davies and Wood), 1125. 

Bipliexiylbenayl-Ti-butylstazmane (Exp- 
ping), 2371. 

9:9-I)iplieByl-lO-beiizyl-9:10-diliydro- 
antbranol (Baenett and Cook), 
571. 

9:9-Bipli6nyM0-benzylid6ne’9:10*di- 
bydroan&racene (Babnett and 
Cook), 571. 

iSy-Bipbenylbntane-aoSS-tetraearb- 
ozylie aeid, r- and m«so-etbyl esters, 
and aS-dibromo- (Vogel), 1018. 

Bipbenyl-2-carbozylie aeid, mentbyl 
ester (Bbetscheb, Edls, and 
Spence), 1502. 

Biplienyl-2-carbozylic acid, 2'-cyano-, 
diethylaminoeihyl ester and cnloiide 
of (Bell), 3248. 

Biplienyl-2- and -4-earbozylie acids, 
diethylaniinoethyl esters and deriv- 
atives of (Bell), 3247. 

3:3^*BiplLenyldibenzo^9*opyran (Dick- 
inson, Hbilbeon, and 0*Beibn), 
2081. 

Biplienyl-3:8'-diearbozylie acid, 5:5'- 
aichloro-, and its salts and methyl 
ester (McAlister and Ebnneb), 
1918. 

ItS'^Bipbenyldibydrotsoindole, and its 
derivatives (Boyd and Ladhams), 
2089. 

} :8'-Bip]ienyldi-3-]iapbthaspirop3rran 
(DicKiN 80 N,HEiLBa 0 N,and 0*Bbien), 
2082, 

Dlplienyl'4:4^-di8itIpliinio acid (Baebeb 
and Smiles), 1148. 

Dipbenyl-3:3'-dlsnlpbo]iyl chloride, 
4:4'-dfcliloro- (Babbeb and Smiles), 
1147. 

Oiphenylene oxide, halogenonitro- and 
nitro-derivatives, action of piperidine 
with (Le S'tvBE), 3249. 
2:2'-d&ulphid6, -disnlphozide and 
-d^thiol carbonate (Babbeb and 
Smiles), 1146. 

L:3-Biphenyli5oindol6, 1-hydrozy-, 
hydrobromide (Boyd and Ladhams), 
2091. 

)iphenylxaetliane-2'-carboxylic aeid, 
4-chloio- (Baenett and Wiltshibe), 
1823. 

b9-Biphenyl-10-m6thyIene-9:10-di- 
hydroanthracene (Babnbtt and 
Cook), 570. 

VAT'-Biphenyl-o-phexiylenediamine 
(Gibson and Johnson), 1988. 

bS-Biphenyl^ninozaline, nitro-deiiv- 
atives (Ohattaway and Cotjlson), 
1084. 

di-|>-nitio- (Ohattaway and CotrL- 
son), 1363. 


Biphenylsilieanediol, complex condens- 
ation products of (Kipping and 
Mubeay), 1427. 

Biphenylsnlphone, parachor for (Fbei- 
MAN and Sdgden), 268. 

Biphe2iyl8nlphone-2'-carboxylic acid, 
ehloro-2:5-rfihydroxy- and 2:6-df- 
hydroxy-, and its derivatives (Pbioe 
and Smiles), 3156. 

s-Biphenylthiolethane, and its disalph- 
oxides (Bell and Bennett), 3190. 

Bipinacolinoarbohydrazone (Munbo and 
Wilson), 1259. 

Bipinacolinhydrazidioarbohydrazoiie 
(Mdnbo and Wilson), 1259. 

Bipinene, oxidation of (Bbiggs and 
Shobt), 3118. 

4:4'-BipiperidiiL0-5 : 5 '-rfznitro-S:8'-di- 
methyldiphenyl (Le FitiyBE and 
Turner), 967. 

Biisopropenyl, catalytic hydrogenation 
of i L ebedev and Yakubcbie), 2191. 

Bipropionyltartarie acid, methyl ester 
(Findlay and Campbell), 1773. 

3:4'-Bi^iiinolyl, and its picrate and eth- 
iodide (Mills and Obdish), 85. 

Bi^ninolyl-2-carbozylic acids (Mills 
and Obdish), 85. 

Bisalicylyl selenide (Morgan and Bub- 
stall), 3270. 

Bupersion, rotatory (Wood and 
Nioholas), 1696, 

of optically active co-ordination 
componnds (Wood and Nichol- 
as), 1727. 

anomalous, in relation to the Drude 
eqnation(WoOD and Nicholas), 
1671. 

of condguratively related eom- 
ponnds (Wood and Nicholas), 
1712. 

Bistyryl ketone, 6:5'-dzbromo-2:2'-df- 
hydroxy-,and 4:4'-«fthydrozy- (Mc- 
Gookin and Sinclair), 1173. 
mono-^ and dt-chloro- (Heilbeon and 
Hill), 2868. 

Bistyryl ketones, action of ethyl aceto- 
acetate with (Heilbeon and Hill), 
2863. 

2:3-Bistyryl'6-metliylqLiimozaline, and 
its nitro-derivatives (Bennett and 
Willis), 1971. 

2:3-Bistyrylqninozalln6B, and d^'c2lloro- 
dfiodo- and di- and tetra-nitro- (Ben- 
nett and Willis), 1988, 1970. 

Bisnljdioxides, stereoisomerism of (Bell 
and Bennett), 86, 3189. 

Bitetramethylaxnmoninm molybdenyl 
p^tohioride (James and Wardlaw), 
2737. 

Bitkiaa nwmoxide, and its derivatives 
(Bell and Bennett), 90, 
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DltMan fZioxides^ derivatives of (Bell 
and Bennett), 88. 

a- and jS-OitManbis-j^-toluenesulplionyl* 
imixLes (Beij 1< and Bennett), 92. 

l:8-Bit]uan*2-oart)Ozylic aci^ and its 
c^Modo-derivative (Ohivers and 
SmiIiES), 701. 

l:3<BitMoIan-2-carbozylio acid, and its 
dihalides (Ghivers and Smiles), 700. 

Bithyniylacetamide(BELL and 

222d. f 

Bitli 3 ^ylaGetonitril 6 , and its acetyl 
derivative (Bell and Henry), 2224. 

Bitolyl. See DimethyldipbenyL 

Bi-m-tolyl d^snlphide, di-4-iodo- (Bar- 
ber and Smiles), 1144. 

Bi-j 7 -tolyl (^iselenide, di-2-nitro- (Chal- 
lenger and Peters), 1369. 

Bi-^T-tolylbromoBtibine (Oodbabb and 
Yarslbt), 721. 

Bi-j^-tolylohlorostihine (Godbabb and 
Yarslet), 720. 


Bi-ji7-tolyliodofltibine (Gobbard and 
Yarsley), 721. 



av-Bi-jp-tolylozyisopropyl phosphate 
(Boyd and Labhams), 218. 

l-aT-Bitolylisopropylpyridinimnnitratea 
(BoYBand Labhams), 220. 

Bi-^-tolylsilieanediol, complex condens- 
ation products of (Kipping and 
Murray), 1427. 

Bi-p*tolyl 8 tibine inehloride (Godbarb 
and Yarsley), 721. 

Bi-p-tolylstibinie acid (Gobbarb and 
Yarsley), 721. 

s-Bi-jp-tolylthiolethane, and its di- 
snlphoxides (Bell and Bennett), 
3190. 

Bitrimethylanunoninm molybdenyl 
nmtocbloride (Jambs and Warblaw), 
2737. 

Divinyl, catalytic hydrogenation of 
(Lebbbev and Yarurchik), 2198. 

Bodecoie acid, ll-bromo-, methyl ester, 
and 11 -hydrozy*, and its magnesinm 
salt (Bhattacharya, Salbtobe, 
and Simonsbn), 2679. 

Drying, intensive, experiments on 
(Purcell), 1207. 

inflnenre of, on inner equilibria 

^ (Smits), 2399. 


Elaidic acid, methyl eater, oxidation of, 
by hydro^n peroxide in presence of 
acetic acid (Hubitoh and Lea), 
p 1676. 


Electrical eondnctivity of uni-univalent 
salts in benzonitrile (Martin), 3270. 

Electrodes, platino-platinicyanide, 
potential of (Terbey), 202 . 

Electrolysis of solutions with an anti- 
mony cathode (Grant), 1987. 

Electrolytes, strong, dissociation of 
(Martin), 8270. 

S^hedra^ alkaloids from species of 
(Smith), 51. 

Equilibiitmi, effect of structure on 
mobility and (Baker), 1979. 
in solutions (Wynne- Jones), 1230 ; 
(Soper), 1233. 

inner, effect of intensive drying on 
(Smits), 2399. 

Esters, autocatalysis of hydrolysis of 
(Dawson and Lowson), 3218* 
alkaline hydrolysis of, in aqueous 
alcoholic solutions (Gyngell), 
1784. 

Esterification, inhibition of, by alkaline 
substances (Bailey), 3256. 
by pyridine (Bailey), 1204. 

Ethanetetracarboxylic acid, ethyl ester, 
sodium derivative, action of dibromo- 
tetracarboxylic esters on (Lennon and 
Perkin), 1513. 

Etbenyl-o-aminophenol, 6-ainino- and 
5-Ditro- (Newbery and Phillips), 
121 . 

Ethers, influence of structure on solu- 
bility of (Bennett and Philip), 
1930, 1937. 

olefinic, action of bromine water on 
(Reab and Reib), 1487. 

w-Ethozy-B-benzylanthracene, 4-chloro- 
(CooK), 2810* 

3-Ethozydlphenyl, 6 -broipo- and 5- 
obloro- (Hinkel and Hev), 1203. 

fi-Ethoxyxnandelio acid, 5-nitro- 
(OHATTAWAYand Morris), 3244. 

2-Ethozy-4-methylmandelic acid, 6 - 
nitro- (Chattaway and Calvet), 
1093. 

Ethozynickelosalioylio acid, methyl 
ester (Doak and Packer), 2769. 

«-Ethoxy-10-phenyl-9-benzylantlira- 
eene, l: 5 -^ 2 cbloro- (Cook), 2805. 

7 -Ethoxy-o-phenylpropane, 7 -lmino-, 
hydrochloride (Clbmo and Watson), 

728. 

y-Ethoxypropaae, a-chloro-y-imino-, 
hydrochloride (Clbmo and Watson), 

729. 

S-Etbozy-p-toluic acid, 6-nitro- (Chat- 
taway and Calvet), 1098. 

2-Ethozyi>tolylglyozylieacid, S-nitro-, 
and its phenylhydi-azone (Chattaway 
and Calvet), 1093. 

Ethyl borate, preparation and constants 
of (Etribgb and Sugben), 992. 
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B>EtlLylammO’8-liydroacy4:4-bexLZt8o- 
oxaziE«-6-ar8Uiie add, 8-i3-hydrozy- 
(Njewbery, Phillips, and Stick- 
INGS), 3062. 

9-EtlLylaiLtliraeeiie, 2-chloro- and 2- 
chloio-lO-bromo- (Barnett and 
Wiltshire), 1824. 

Ethylarsinic acid, ^-cbloro-, and 
hydroxy-, and its calcium salt (Gough 
and Zing), 2432. 

3-Ethyl-5:6-l)enz-4-carboline (Kermach 
and Slater), 42. 

methosulphate (Kerhagk and 
Slater), 797. 

Ethylbenzene, <2^nitro-deri7atives, 2- 
nitro-4-ammo-, acetyl deriyative, and 
2:8-d4nitro-4-amino-, and its acetyl 
derivative (Bradt, Day, and Allah), 
980. 

Ethylbenzenes, halogenated (Ashworth 
and Bueokhardt), 1791. 

2-Ethylbenziminazoiear8inie acid, and 
2-a-hydroxy- (Phillips), 3137. 

2-EthyM:4-b6nztse>oxazine-6-ar8inic 
acii S-amino-S-bydroxy-, acetyl 
derivative, and 8-hydroxy- (Nsw- 
BBRT, Phillips, and Stickings), 
8063. 

l-£thylbenzthiazole, and its picrate 
(Clare), 2319. 

S-Ethylbutyrolactone, and its silver 
salt (Sircar), 901. 

Ethyloarbonatoalizarins, and their 
methyl ethers (Pereih and Storey), 
240. 

Ethjldiethylamine, ^chloro-, and its 
salts (Gough and j^o), 2436. 

Ethylenediamine, equilibria of phenols 
with (PusaiN and Slado^^c), 
837. 

Ethylenie compounds, addition of 
bromine to, in non-hydroxylio solvents 
(WiLLUHS and Jambs), 343. 

Ethylenethiocarbamide, complex metal- 
lic salts with (Morgan and Bur- 
stall), 148. 

Ethyl e^er, action of disilicon hexa- 
chloride on (Kipping and Thompson), 
1989. 

a-Ethylideneglutazio acid, a'-amino-, 
ethyl ester (Oleuo and Welch), 
2627. 

Ethylnitrolic acid, iB-hydroxy- (Earl, 
liiLswoRTH, Jones, and Kenner), 
2701. 

£thyl-a-oetylsulphone (Fenton and 
Inoold), 3129. 

Ethylpnudaconine (Sharp), 3103. 

f?t-£thylthiolbenzoic acid (Holloway, 
Kenyon, and Phillips), 3003. 

^-Ethylvalezolactone, and its silver salt 
(Sircar), 902. 


Explosions, striated photographic records 
of waves of (Campbell and Finch), 
2094. 

in closed cylinders (Kireby and 
Wheeler), 3203 ; (Ellis and 
Wheeler), 3216. 


F. 

Ferric oxide. See under Iron. 

Ferrous salts. See under Iron* 

Fish, elasmobranoh, constituents of 
oils from (Heilbbon and Owens), 942. 

Flames, moving, study of (Payman), 
1738 j (Ellis and Wheeler), 
3215. 

photographic examination of 
(White), 1159. 

isoFlavone group, syntheses in (Barer 
and Bobinson), 3115- 

Flax, pectin and hemiceUuloses of 
(Henderson), 2117. 

Flnorenone,«2;4:7-^‘nitro- (Bell), 1990. 

Fluorine, action of, on aqueous solutions 
of chromium and manganese salts 
(Fighter and Brunner), 1862. 

Formic acid, o-phenylenediamine salt 
(Phillips), 2396. 

Fuel, liquid, detonation of (Marbles), 
872. 

Fungi, mould, degradation of fatty acids 
by (Walker and Ooppock), 803. 


G. 

Galactose, mutarotation of (Smith and 
Lowry), 666. 

Gallaeetophenone, diaceiyl and di- 
toluene-P'Sulphouyl derivatives, and 
their methyl ethers (Perkin and 
Storey), 242. 

Gas circulation apparatus (Barr), 
3293. 

Gattenuaim reaction, by-products of 
(Bell and Henry), 2215. 

Gels, formation of (Knight and Stah- 
berger), 2791. 

Gelatin, adsorption of hydrogen ions by, 
in relation to its swelling and electrical 
charge (Ghosh), 711. 

Genistein, synthesis of (Baker and 
Bobinson), 3115. 

Glass, adsorption of vapours on (Smite), 
2952. 

influence of, on vapoui* pressure 
(Rinse), 1442. 

bone oxide, density of (Oousbn and 
(TSjRnbr), 2664. 

Gluconic acid, thallinm salts (MnimES 
and Kieser), 189. 
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Qlucosides (Hiceikbottom), 3U0. 

See also Iridin. 

3-iS .OlxLCOBidylpelargonidin cMoride, 

synthesis of, and its identity with 
callistephin chloride (Robebtson 
and Eobinson), 1460, 
picrate (Robertson and Robinson), 
1468. 

dl-Glntamic acid, action on aniline on 
(Gray), 1264. 

Glntaric acid, electrometric titration of 
(Ganb and Ingolb), 1698. 

?.menthyl hydrogen ester (Rule, 
Hay, and Paul), 1857. 

Glntaric acids, jS-snbstitnted, electro- 
metric titration of (Gane and Inoold), 
2267. 

Glycine, action of nitrons acid on 
(Taylor), 1898. 

6-Glycineamide-3-chloropheiLylar8iniG 
acid, and its salts (Balaran), 813. 

Olyozal, photochemical decomposition 
of, and its derivatives (Norrish and 
Gritfiths), 2829. 

GlyoEali2Le-4t5)-fonualdeliydes, and their 
derivatives (Hubball and Pyman), 21. 

Glyozaline-4(5)-methylidenea]iiline 
(Hubball and Pyman), 25. 

2-[Glyoxalin7l-4(5]l-j8-naphthaeinelion- 
inic acid (Hubball and Pyman), 26. 

Glyoxylic acid, and its ethyl ester, hromo- 
and chloro-phenylhydrazones (Ohatt- 
away and JDaldy), 2759. 

Goulard’s extract.” See Acetic acid, 
lead su&salt. 

Guanidine carbonate, hydrolysis (Bell), 
2074. 


E. 

Hematoxylin, and its derivatives, 
synthesis of (Perkin, BAt, and 
Robinson), 1504. 

Halogens, addition of, to nnsatniated 
acids and esters (Hanson and 
James), 1955, 

activation of, by a nitro-group in the 
aromatic nucleus (Brewin and 
Turner), 334, 

Halcgenation by cbloroamines (Brau- 
piELD, Orton, and Roberts), 782. 

Hemicellulose of flax plant (Hender- 
son), 2117. 

l-9&-Heptylamino^3-methylbenzthiazole, 
and its derivatives, and d^bromo- 
(Hunter and Styles), 3027. 

y-cyc/oHeptylcyanoacetic acid, ethyl 
ester (Vogel), 2025. 

eyeZoHeptylideneoyanoaoetie acid, ethyl 
eater (Vogel), 2024. 

cj/cZcHeptylxnalonic acid (Vogel), 2025, 


a-Heptyloxyaeetic acid, and its 
?-menthyl ester and chloride (Rule, 
Hay, and Paul), 1356. 

Heterocyclic compounds, effect of 
structure and substitution on stability 
of (Sircar), 898. 

Heza-allylamineperoxodihydroxodi- 
cohalt salts (Buoknall and Ward* 
law), 2649. 

Hexahydroacridone, and its oxime 
(Perkin and Plant), 2590. 
Hexahydrocarbazole, condensation of, 
with eyeZopentanone cyanohydrin 
(Plant and Rippon), .1906. 
Hexahydrocarbazole, 6-chloro-10:ll -di- 
hydroxy-, acetyl derivative, and 
B-chloro-ll-nitro-lO-hydroxy-, benz- 
oyl derivative (Plant and Rosser), 
2462. 

Hexahydrocarbazele-9-oarboxylic acid, 
6-chloro-10:ll-dihydroxy*, and 
6-chloro-ll-nitro-10-hy(iroxy-, ethyl 
esters (Plant and Rosser), 2464. 
l-(9'-Hezahydroearbazyl)-l-cyanocyc2o- 
pentane (Plant and Rifpon), 1909. 
l-(9^-Hezahydrocarbazyl)cycZopentane- 
l-carboxylamide (Plant and Rippon), 
1909. 

Hezahydrocurenmenes (Rao and Simon- 
SEN), 2504. 

2:3:4:5:ll!l2-Hezahydrohept!ndole, and 
its salts and derivatives (Perkin and 
Plant), 2586, 

Hezahydro-ajS-naphthacarbazoleSy and 
their derivatives (Oakeshott and 
Plant), 1844. 

2:8:4:5:12:18-Hexahydro^xdixiBdeB68, 
atereoisomerio, and their derivatives 
(Perkin and Plant), 639. 
Hezahydroxyplatinic acid. See under 
Platinum. 


2':4' ;6';2":4":6"-Hexamethoxytri- 
phenylmetlLane-4-carboxylic acid 
(tUND), 1572. 

?^-Hezane, oxidation of (Brunner and 
Ridbal), 1162, 2824. 
eyeZoHezanealdehyde, condensation of 
malonic acid and (Sircar), 54. 
i3-cycZoHexane^robutyrolactcne, and 
its silver halt (Sircar), 57, 902. 


1686. 


i8-^cZoHezane^'rovalerolactone, and 
it$i silver salt (Sircar), 903. 
eyeZf/Hexanone chloronitrophenylhydr- 
azoue (Plant and Rosser), 2461. 
Aa-Hezenanilide (Goldberg and Lin- 
stead), 2351, 

A^-cycZoHexenylacetoacetic acid, and 
its semiesrbazone (Jupp, £on, and 
Lookton), 1640. 
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A^-c^7oHexe&ylaoeto3ie {Biosiks, 
Httoh, and Kon), 1636. 

A^-cycZoHezenylacetylxnalonic acid, 
ethyl ester, and its semicarbazone 
(Jupp, Eon, and Locston), 1641. 

A^-cj/cZoEezenyl-a-ethylcyanoacetic 
acid, ethyl ester (McEae and 
Manske), 486, 

A^-(^2^r7^Hezenylmethyl ethyl ketone 
(Dicnins, Hr&H, and Eon), 1634. 

Hezoie acid, ally 1 ester (Dettlofeij) 528. 

Hexopentosan (Hendzhson), 2126. 

d-ryc/oHe:^lacrylic acid, and its salts 
and derivatives (Sircae), 55. 

y-Ti-Eezylaminopropylarsinic acid, de- 
rivatives of (Gough and King), 

2442. 

y-n-HezylaminopropyldeehloroaisIne 
hydrochloride (Guhgh and King), 

2443. 

r-cvc^oHezylcyanoacetic acid, ethyl ester 
(Vogel), 2023. 

iS-cyrZo&ezylglxLtaric acid, and its salts 
and derivatives (Sircar), 56. 

c^cZoHezylideneaeetone, and its semi- 
carbazone (Diceins, Hugh, and Kon), 
1630. 

cyeZoHezylidenemethyl ethyl ketone 
(Diokins, Hugh, and Eon), 1630. 

c 2 /cZoHezylmalonio acid, preparation of 
(Vogel), 2023. 

a-Hezylozyacetie acid, audits ^xnenthyl 
ester and chloride (Rule, Hay, and 
Paul), 1856. 

c^c^oHexylphenyiacetaoitrile, l^cyano- 
(McRae and Manses), 490. 

Homomesitones, and tibir semicarb- 
azones (Abbott, Kon, andSATCHELL), 
2514. 

Homophthalic acid, action of pho?- 
phurus pentachloride on (Davies 
and Poole), 1616. 

separation of, from phthaUc acid, and 
its copper salt (Poole), 1378. 

Homophthalic anhydrides, enolisation of 
(Stevens and Wilson), 2827. 

Hops, high»boiImg constitnents of oil of 
(Chapsian), 1303. 

Hnmnlene ((^apman), 785. 

Hydration of ions (Ingham), 2381. 

Hydrazine hydrate, dissociation constant 
of (Hughes), 502. 

Hydrazobenzene, Sr&^ibcomo- (Burns, 
McCombie, and Scarborough), 2936. 

ci>*3-HydxindonylaeetDpheiioae, and its 
derivatives (Jackson and Kenner), 
579. 

Hydroaromatic compounds, conversion 
of, into aromatic compounds (Hineel 
and Hey), 1200, 2786. 

Hydrocampnospermonol, and its deriv- 
atives (Jones and Smite), 69. 

5 T 2 


Hydrocarbons, olefinic, action of bromine 
vater on (Read and Reid), 1487. 
Hydrochloric acid. See under Chlorine. 
Hy^oferricyanio acid, potassium salt, 
solubility of, in water (Friend and 
Smirles), 2242. 

Hydrogen, effect of intensity of light on 
hotochemical combination of 
romine and (Briers and Chap- 
man), 1802. 

photochemicalcomhination of chlorine 
and, in glass capillary tubes (Chap- 
man and Grigg), 3233. 
inflammation of mixtures of air and 
(Maxwell and Wheeler), 15. 
Hydrogen sulphide, action of, on 
hydrated ferri'*- oxide at 100® 
(Pearson and Robinson), 8X4. 
reaction of nitrous acid with (Bag- 
ster), 2631. 

^e/itosulphide (Mills and Robinson), 
2326. 

Hydrogenation of extended hetero- 
geneous systems (Evans and Farmer), 
1644. 

Hydrohydrastinine phenacyloiodide 
(Stevens, Creighton, Gordon, and 
MacNicol), 3196. 

Hydrozy-acids, esters, metallic deriv- 
atm 8 of (Doak and Packer), 2763. 
Hyponitrites. See under Nitrogen. 


I. 

2:3-Ittdeno(l:2)-indole (Titlby), 2576, 
Indium, electrodeposition of, with the 
dropping mercury cathode (Taeagi), 
801. 

detection and determination of, in 
gallium (Taeagi), 305. 

^-isoXndole, attempted preparation of 
(Fenton and Ingold), 8295. 

Indole series, syntheses in (Kbbmaoe 
and Slater), 32, 789. 
l‘2-Indole(2:S)-8:4dihydronaphthalene 
(Titlby), 2577. 

Ihdozylacetie acid (Jackson and Ken- 
ner), 580. 

^-Indozyls^iroeye^hexane, derivatives 
of (Betts and Plant), 2070. 

Inks, carbon (Ghirnoaga), 300. 

IxLulin, structure of (Haworth and 
Learner), 619. 

molecular complezRy of (Drew and 
Haworth), 2690. 

lodlaatioa by chloroamines and iodides 
(Bradpxeld, Orton, and Roberts}, 
782. 

Iodine, hydrogen-ion concentra^cni in 
aqueous solutions of (Dawbon), 259. 
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Iodine, equilibria of, in solutions of 
iodides (Coopeb), 2227. 
water catenary in reaction of acetone 
with (Dawson and Key), 643. 

Ions, hydration of (Inoham), 1917, 
2381. 

Ionisation constants, determination of 
(Dawson, Hall, and Key), 2844. 

Iridin, constitution of (Baker), 1022. 

Irigenin, constitution of, and its deriv- 
atives (Bakes), 1022. 

Irigenol, and its deiivatiTes (Bakeb), 
1080. 

Iron, passivity of (Hedges), 970. 

Iron nitride, formation of, in the iron- 
nitrogen arc (Willey), 2840. 
sulphides, determination of iron and 
sulphnr in (Robinson, Saycb, and 
Stevenson), 813. 

Eerric oxide, hydrated, action of 
hydrogen sulphide on, at 100^ 
(Peaeson and Robinson), 814. 
Perrons sulphate, stability of solutions 
of, and their use in standardising 
permanganate (Feibnd and Pjrit- 
chbtt), 3227. 

Iron, determination of, in iron sulphides 
(Robinson, Satce, and Stevenson), 
818. 

Isomerism, dynamic (Smith and 
Lowey), 666 ; (Lowey, MacConkey, 
and Bxjeoess), 1883 ; (Lowey, Motr- 
EEU, and MacConkey), 8167. 

Isoprene, hydrogenation of (Lebedev 
and Yakttechik), 827. 


X. 

3- Keto-8:4-dihydro-5:6<benz'4 carboline 
(Ksemack and Slater), 39. 

4- K6to>8:4-diiLydroqui2iazoline*2-thiO' 
glycolUc acid, ethyl ester (Stephen 
and Wilson), 1421. 

A-Xeto-ry-dunethyl^oIieptoie acid, 
amino-, lactam (Ingold and Shoppeb), 
399. 

ll-Eeto-5:7:8:9:10:ll-liexahydrohepta- 
quinoline (Perkin and Plant), 2588. 

l-Eetohydrindene-3-acetic acid, and its 
derivatives (Jackson and Kenner), 
577. 

1-Xetoindene, 8-ehloro-2-bromo-, and its 
oxime (Hanson and James), 2983. 

Xetols, aromatic reduction of nitro- 
compounds by (Nisbet), 8121. 

Kcto-lactone, C10H15O3, from oxidation 
of a-phellandrene (Henry and Paget), 

- 77. 

4-Keto*l-metJiOEy-3-(8'-nxtroplienyl)* 
3:4-dihydzophtIialazine (ItowE, Him- 
MAT, and Levin), 2662. , 


4- Keto-l-metlioxy-S-(4'-nitroplienyl)- 
3;4-dilLydropb.tlialazine (Rowe and 
Levin), 2554. 

3-Keto-l-]nethyl-3:4-dihydro-6:6-benz- 
4-carboline (Keemack and Slater), 
43. 

l-Keto* 2 -xneth.yltetra]i 7 dronaphtlLalene 
(Titley), 2578. 

l-Xeto-2-inet]iyM;2:3:4-t6traliydro- 
naplithBlene-2-earbozylic acid, ethyl 
ester (Titley), 2577. 

Ketone, 02aH2oO, and its aemicaxbazone, 
from piperitone and ethyl acetoacetate 
(JiTPP, Kon, and Lockton), 1644. 

Ketones, condensation of, with ethyl 
acetoacetate (Jtjpp, Kon, and Lock- 
ton), 1638. 

of the morphine group, condensation 
of aldehydes with (Gullasd), 702. 

y-Ketonic acids, synthesis of (Baed- 
HAN), 2591, 2604. 

jS-Ketonic compounds, conductivities of 
potassium and sodium derivatives 
of, in alcoholic solution (White), 
1413. 

iS-Ketonic esters, condensation of 0- 
hydroxystyryl ketones with (Hill), 
256. 

3>K6to-2-p-nitrophenyl-2:3-diiiydrotliio- 
naphthen l:l-dioxide (Fbioe and 
Smiles), 2862. 

3-Ketophe^eptametliylene*2-carboxylio 
acid, ethyl ester, phenylbydrazone 
(Titley), 2679. 

(7-Keto-«-phenyl-e-2-cliloroplienyl-A5- 
pentenyljacetoacetic acid, ethyl ester 
(Heilbbon and H ill), 2868. 

5- Keto-2*pIienyl-4-(2':5'-dimetlioz7- 
benzylidene}-4:5-dihydro-ozazol6 
(Gulland and Yibden), 1481. 

5-Keto-2-pbenyl-4>(6'-methoEy-3'-ethyl- 
benzylidene)'4:5-dihydro-ozazole 
(Gulland and Vieden), 930. 

a-Keto-i3iB77-tetramethylval6rie acid, 
3-amino-, lactam (Ingold and Shop- 
pee), 395. 

Kolbe's reaction, mechanism of (Wal- 
KEB), 2040. 


L. 

Laurie acid, potassium salt, hydrolysis 
in solutions of, as measured by ex- 
traction with benzene {MoBain and 
Eaton), 2166. 

Lauxotetanine, constitution of (Babgeb 
and Silbeeschmidt), 2919. 

Lead iodide, precipitation of, in agar 
(Hedges and Henley), 2718. 
oxyhyponitrite (Neogi and Kandi),. 
1454. 
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Lectures delivered before the Obemical 
Society (Fowlbe), 764 ; (Walkbe), 
1380. 

Liesegax^ rings, formaldon of, as a 
^riodic coagulation (Hedges and 
Henley), 2714. 

Limonene, oxidation of (Henry and 
Paget), 75. 

Lig^uids, constitution of (Bases), 1051. 
determination of density of (Gbind- 
lby), 8297. 

organic mixed, cryoscopy of compound 
formation in (Madgin, Peel, and 
Bsiscob), 707. 

Litbium chloride, densities and vis- 
cosities of hydrochloric acid solutions 

of (Ingea&O* 2881. 

hyponitrite (Neogi and Nandi), 
1451. 

sulphites, and their derivatives 
(Friend and Founder), 2245. 

Lupanine, and its derivatives (Clemo 
and Leitch), 1815. 

isoLupanine, and its niethiodide (Clemo 
and Leitch), 1819. 

Luparenol (Chapman), 1804. 

Luparol (Chapman), 1305. 

Luparone (Chapman), 1304. 

Lupin alk^oids. See under Alkaloids. 

Lyxose, structure aud derivatives of 
(Hirst and Smith), 8147. 
new form of (Haworth and Hirst), 

K. 

Magneidum, interaction of alkyl and 
aryl halides with (Rijdd and Turner), 
686 . 

Iffapnesium alloys with mercury, reduc- 
tion of nitrates, nitric acid, and nitrites 
by (Neooi and Nandi), 1449. 

Ma^esium hydroxide, difPasion of, in 
gelatin (Hedges and Henley), 2719. 

Hla^esinm organic compounds : — 
Uagnesinm phenyl bromide, action 
of, on methyl o-cyanobenzoate 
(Boyd and Ladhams), 2089. 

Kalie aeid, optical activity of, in pres^ 
ence of sodium molybdate (Patterson 
and Buchanan), 3006. 

Halonanilic acid, 2-amiuo« (Phillips), 
2398. 

Halonic acid, electrometiio titration of 
(Gane and Ingold), 1598. 
condensation of c^^c^ohezanealdehyde 
and (Sircar), 54. 

esters, synthesis of, by means of tolu- 
enesuiphouio esters (Peagogh and 
Tha), 2303. 

diethyl ester, aluminium derivative 
(Burrows and ¥ark), 228. 


Halonii! acid, diethyl ester, sodium 
derivative, action of dibromotetra- 
carboxylic esters on (Lennon and 
Perkin), 1613. 

Halonic acids, substituted, synthesis of 
(Vogel), 2010. 

Kalvidin chloride, synthesis of, and its 
benzoyl derivative (Bradley and 
Robinson), 1541. 

Mffiandelic add, butyl esters, rotatory 
dispersion of (Wood, Chrisman, and 
Nicholas), 2180. 

Hanganese salts, density and electro- 
striction of dilute solutions of 
(Campbell), 663. 

action of fluorine on aqueous solutions 
of (Fighter and Brunner), 1862. 

Hangwese sulphate, equilibrium of, 
with sodium sulphate aud water 
(Caven and Johnston), 2506. 
Permanganates, standardisation of, 
with ferrous sulphate solution 
(Friend and Pritchett), 3227. 

Kemorial Lecture, Arrhenius (Walezb), 
1880. 

dZ-A^-Menthene, action of bromine water 
on (Read and Reid), 1492. 

Mercury alloys with magnesium, re- 
duction of nitrates, nitric acid, and 
nitrites by (Neooi and Nandi), 
1449. 

with platinum, adsorption of gases 
on (Smith), 2045. 

Mesityl oxide, catalysis in iodination of 
(Dawson and Key), 2164. 

Metals, passivity of (Hedges), 969, 

Metallic salts, equilibria between alco- 
hols and (Lloyd, Brown, Bon- 
NBLLi and Jokes), 658. 

See also Salts. 

Methane, explosioxis of mixtures of air 
and, in long cylinders (Kirkby and 
Wheeler), 3203. 

Methosulphates, constitution of (Ker- 
MACK and Slater), 789. 

4- Methoxyazobenzene8, bromo-, chloro-, 
and 3:4'-d(zmtro- (Burns, McCombib, 
and Scarborough), 2934. 

Methoxybenzaldehydes, nitrophenyl- 
bydrazones of (Hodgson and Hand- 
ley), 1885. 

a-jp-Methoxybenzaldozime, nitration of 
(Brady and Miller), 341. 

5- Methei^benzene 2:l-diazo8nlphide 

(Hodgson and Handley), 625. 

3-Methoxyhenzoic acid, 2-iodo>, and its 
methyl ester (Kenner and TurnsbL 
2341. 

I-MetlL0xy'X:2:3-benztriazcle (Bbady 
and Reynolds), 198. 

«-Methtmy-9-heimylanthTao6itfl8»elik>XD- 
(CooK), 2808. 
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10-Kethox7-9'benzylidene-9:10'di- | 
hydroanthracexLs, 1-cbloro- (Coos), 
2808. 

S-Methoxy-l-ajSjSS-ieirachloroetliyl- 
benzene, S-nitro* (Chattaway and 
Oalvet), 2917. 

S-HEetbozycinnasuic acid, bromo-deriv- 
atives (H. and W. Davies), 608. 
IdetlLOzycnprisalicylle acid, methyl ester 
(Doak and Packer), 2767. 

5- Uethoxydimethylaniline, 5*chloro^ 

and 6-chloro-4-mtroso- (Hodgson and 
Wignall), 831. 

4'-Methoxy-6:8-dimethylflavyliimi 
’ chloride, 6-hydroxy- (Robertson, 
Robinson, and Strothers), 1458. 

and d'-Methoxydiphenylamines, 2- 
amino- and 2-niiro- (MoCombie, 
Scarborough, and Waters), 366. 
2 '- 2 ([ethoz 7 diphenyl- 2 -caTboxylic acid, 
menthyl ester (Brbtsgher, Rule, 
and Spence), 1602. 

3- HethQZ7-4-6thoxybenzaldehyde, 6- 

nitro- (Barger and Silbersghmidt), 
2927. 

e-Kethozy-S-cthylbenzaldehyde, and 
its semicarbazone (Gulland and 
Virden), 929. ^ 

2-(6'-ltetlioxy-8'-ethylbenzyl)qniaoxal- 
ine, 8-hydroxy- (Gulland and Tird- 
en), 981. 

6- 2iCethozy-3-ethylphenylacetie add, 

and its sodium salt (Gulland and 
Tirden), 931. 

ira7is-a-(6'-Ketlioxy-8'-etliylplienyl)-2- 
amino-8:4-dimethoxyclanamio acid 
(Gulland and Virden), 932. 
<m7M-o-(6'-Methoxy-S'-ethylphenyl)-2- 
nitro-3:4-dimetlioxycinnExnic acid, 
and its ammonium salt (Gulland 
and Virden), 931, 

B-Kethozy-S-ethylphenylpymvie add, 
and its sodium salt (Gulland and 
Virden), 930. 

a-3-]!Cethoxy-4-hydroxybcnzaldoximc, 
nitration of (Brady and Miller), 
342. 

1- Methoxy-6-methyl-l;2:3-b6nztriazOlc 
(Brady and Reynolds), 201. 

4- SEethozy-3-methyltetraphenyl- 
methane, and 3-bromo- (Boyd and 
Hardy), 637. 

2- H6tliozynaphthalene, 3-bromo- and 

3-!odo- (Clemo and Spence), 2818. 

Hethozynaphthoic adds, and their 
m**nthyl esters (Bretsoher, Rule, 
and Spence), 1499. 

2-Methozy-3-naphthylamine, and its 
acetyl derivative (Olsmo and Spence), 
2818. 

Uethozyniekclosalicylic add, methy' 
ester (Doak and Packer), 2768. 


S-Hethozy-d-eydopentane^^rocycZo- 
penten-l:4-&one (Goss), 1808, 
2-M6thozyplLenazine, and its chloro- 
platinate(McOoMBiE, Scarborough, 
and Waters), 857. 

jS-^-Methozyphenylglntario acid, and 
its deiivatives (Jackson and Ebn- 
ner), 1660. 

d-HCethozyphenylmetlLylBXLlphones, . 
nitro- (Hodgson and Handley), 
627. 

p-Methozyphenylpropanc-etay-trioarb*' 
ozylic acid, ethyl ester (Jackson and 
Kenner), 1660. 

iS-p-MethozyphenylMopropylamineB, 6- 
hydroxy-, and their derivatives 
(Read and Reid), 1489. 
2-Hethozy-a-phenylstyryl benzyl ketone 
(Dickinson, Heilbron, and O’Brien), 
2080. 

4-MethoxyzMphtlialaldehydic acid, and 
its 2 : 4-dichlorophenylhydrazone 
(Chattaway and Calvet), 2916. 

4- Methozyz^ophtlialic acid (Chattaway 
and Calvet), 2916. 

2-Methoxystyrette, aj8jS-«mhloro-5- 
nitro- (Chattaway and Calvet), 
2917. 

2-i7-H6thozystyiyl-8:6-diai6tbylqninoz- 
aline (Bennett and Willis), 1971. 
Methozystyryl ethyl ketones, hydroxy- 
(McGookin and SI^oLAIR), 1174. 
2-Methoxyst3rryl-3‘methylquinQzalines 
(Bennett and Willis), 1969. 
Methozystyryl propyl ketones, hydroxy- 
(MoGookin and Sinclair), 1174. 
l(or 5)-Methozy-2:2:8;3-tetrainethyl- 
cyc^pentan-5t'or l)-o&e, and its 
oxime (Shoppbe), 1670, 

5- M6thozy-2:2;8:3-tetrameth7l<^cZo- 
pentanone (Ingold and Seofps^), 
402. 

d-M6thozy-2 :2:3 :3-tetramethyl0yc^O' 
pentanone, dibromo- (Shopfee), 
2363. 

S-Methozythioanisoles, chloro- (Hodg- 
son and Handley), 627. 

Methyl borate, preparation and constants 
of (Etridge and Sugdbn), 991. 
sec. -butyl ether (Bennett and 
Philip), 1931. 

ethers, aromatic, snlphui derivatives 
of (Hodgson and Handley), 625. 
iodide, action of cuprous cyanide on 
(Hartley), 780. 

Methylamine, action of nitrous acid on 
(Taylor), 1100. 

l-Methylanuno-S-methylbenztliiazole, 
and its acetyl derivatiYe (Hunter 
and Styles), 3025. 

9-Methylanthraeene, 2-chloro- (Bar- 
nett and Wiltshire), 1824. ^ 
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Methylarabinoside, trithallium com- 
pound of (Mekzies and Xieseb), 188. 

Hethylation, mechaiii&m of (Ingolb 
and Vass), 3125. 

d-Methylazobenzenes, bromo- and nitro- 
(Bubn», McCoubis, and Scab- 
BOROrGH), 2931. 

Hetbylbenzaldozimes, nitration of 
(Brady and Miller), 339. 

3- lCetbyl-5:6-benz-4-carboline, and its 
salts (Eermack and Sl^^ter), 42. 

Metbylbenzoarbolines, and their deriv- 
atives (Kermack and Slater), 795. 

2^]|IIetbylbenziininazoleB, formation of, 
and ammo- and nitro- (Phillips), 172. 

Methylbenziminazolearsinie acids 
(Phillips), 3186. 

d-Hetbylbenzopbenone, amino-, bromo- 
and nitro-derivatives of, and their 
derivatives (Blaeey and Scar- 
borough), 2492. 

Metbyl-1 d-Wzfsooxazinearsinie acids, 
amiuohydroxy-, acetyl derivative, and 
hydroxy- (Newbbey, Phillips, and 
Stiokings), 8061. 

l-Kethylbenzselenazole, and its salts 
(Clark), 2316. 

l-Metbylbenzthiazcle, salts of (Clark), 
2315. 

5- Uethylbenztbiazole, 1 -amino- and its 
acetyl derivative, and 5-bromo-l- 
amino-, and their bromides (Hunter 
and Styles), 3022. 

l-Hetbyl-l;2:3-benztxiazole 1-ozide 
(Brady and Reynolds), 198. 

6- Uetbyl-l 2:3-benztriazole, 1-hydroxy 
and its derivatives (Brady and 
Reynolds), 200. 

4- Metbylbenzyl ethyl ethers, nitro- 
(Ingold and Rothstein), 1279. 

j9-Vetbylbenzylbenzoylaeetic acid, ethyl 
ester (Burton and Ingoi-d), 920. 

Hetbyl benzyl ketone, hydroxy-, p- 
nitrobeuzoyl deiivative (Bradley 
and Scbwabzenbach), 2906. 

7- Methyl-2:4-biBMohlorometbyl-l:3- 
benzdioxin, 6-nitro- (Chattaway 
and Oalvet), 1092. 

iS-Metbylbatane, y-amino-jS-hydroxy-, 
and its derivatives (Read and Reid), 
1491. 

jS-Metbylbutyrolactooae, and its silver 
salt (Sircar), 901. 

4-bIetbylcarbonatoaeetophettone, 
tftf-hydroxy- (Robertson and Robin- 
son), 1465. 

Metbyl-iS-cbloroethyldietbylamiaQiuttm 
chloride and iodide (Gough and Ring), 
2437. 

Methylchlcrom6tbyl6ne-l:3-be&zdiozin, 
6^mono~ and 6:8-dt-nitro- (Chatt- 
AWAY and Morris), 3243. 


a-Metbylcinnamyl alcohol, and its de- 
rivatives (Burton and Ingold), 915 ; 
(Burton), 1656. 

8-Hetbyl-2:2'-diallyltbioearbocyanin6 
bromide (Hamer), 3162. 

Metbyldieibylamine-iSjS^-diarsinio acid, 
(Gough »nd Kinc^}, 2435. 

6(or eO-MetbyM:l'-diethyl-i}^- cyanine 
iodide (Hamer), 212. 

8-Hetbyl-2:2''-dietbyltbiocarbooyanine 
iodide (Hamer), 3162. 

7-Hetbyl’8:4-dibydrocoiunarin-4-aoetic 
acid (Seshadki), 170. 

7-Methyl-3:4-dibydroeoiiiuarm-4-oyano- 
acetic aeid, and its amide (Seshadri), 
170. 

1- Metbyldibydroisoindole, 2-p-toluene- 
sulphonyl derivative (Fenton and 
Ingold), 3296. 

2'-Hetbyl^pbenylaniine, 2-amino-, and 
its tin salt, and 2-nitro- (McOombie, 
Scarborough, and Waters), 355. 

a-3:4-U6tbylenedioxybenzaldoxime, 
nitration of (Brady and Miller), 
342. 

4:5-M6tbylenediozybomcpbtbalie 
anhydride (Stevens and Wilson), 
2827. 

2- He11iylenediozystyryl-3-met^lqnin- 
oxaliiie (Bennett and Willis), 
1968. 

iS-Metkyl-jS-etbylbntyrolactone, and its 
silver salt (Sircar), 901. 

l(or l')-lIethyl-r{or l)-etbyl-4'-cyMa»e 
iodide (Hameh), 210, 

Metbyletbyltbio-^-cyanine iodides 
(Hamer), 214. 

^ Hethyl-jS-etbylvaleroIactone, and its 
silver salt (Sircar), 903. 

2-Methy2glnco8e phenylhydrazone 
(Hiceinbottoh), 8146. 

l-Kethylglyozaline-4- and -5-earboxylic 
acids, uierbyl esters (Hubball and 
Pyman), 31. 

l-]fl[etbylgIyozaline<5'formaldebyde 
nitrate and piciate (Hubball and 
PvMAN), 27. 

4(5)-Hetby]glyozaline-5(4)-fonn.- 
aldehyde picrate (Hubball and 
Pyman), 28. 

A-Hetbylbemipinimide, preparation of 
(Brady, Baker, Goldstein, and 
Harris), 536. 

e-Metbylhepten-y-ones, and their semi- 
carbazones (Abboit, Kon, and 
Satchell), 2622. 

S-Xetbylhexabydrooaxbazoles, and their 
derivatives (Plant and RossnR), 
2460. 

4-XetibyIcyc2olLezaaiQne, phenylhydr- 
azooes of (Plant and Rosser), 
2457. 
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d-Methyl-l-liydrizidone-S-carboxylie 
aci^ ethyl estt-r (Titlet), 2677, 

l-Kethyl-S-hydroxymethylglyosaliae 
picrate (Htjbball and Pyman), 28. 

)3.j7.HethyI-n-liydroxypli6nylgiutaric 
acid (Sbshadki), 170. 

Hethyl-lid ^^ihydroxythiozauthone di- 
oxide (PBiCHi and Smiles), 3158. 

^‘SCethylindozylacetic acid (Jaokson 
aud Kenkek), 580: 

Hethyl-i|^ indozylsp^rccycZchezanes^ and 
their acetyl -derivatives, and nitro- 
(Bbstts aud Plajctt), 2072. 

3-lIcthyl-T^-i2idozyI^pircc2/c7opeiitane» 
and its acetyl derivative (Plant and 
Bosseb), 2458. 

HethyMupanines, and their derivatives 
(Cleuo and Leitoe), 1816. 

Xcthylmesityl oxide, and its semicarb- 
azone (Babdhan), 2614. 

g-XethyM-methylenebenzselenazolme 
(Clark), 2317. 

5- Ueth^I-l-methylenebenztliiazoline, 
and Its benzoyl derivative (Olabk), 
2315. 

a-O.Hethyl-8:4-methylenedioxyben2- 
aldoxime, nitration of (Beady and 
Miller^ 342. 

0- Hethyl-8:5-diiiitro-4-methoxyb6nz* 
aldoxime (Brady and Millbe}, 
841. 

Xethylopianic oximes (Beady* Baeee, 
Goldstein, and Hareis), 536. 

Kethylcyc7ondntadiene, derivatives of 
(Goss and Ingold), 1268. 

a-3Cethyloyc7<^ntaii8-l: I diaoetic acid, 
and its derivatives, and aa'-d/cyano-, 
i\^-methy2-a)4ii)ide, and a-hydroxy-, 
lactone, and its derivatives (Bard- 
han), 2598. 

a'-lCethylc^cZopentane-l: l-diacetie acid, 
oB-bromo-, ethyl ester, and a-broiuo- 
aa^-dicyano-, methylimide (Babd- 
ean), 2599. 

1- ]Cethyldt<^cZop8ittaiie-2:4:6*tricaTb- 
oxylic acid, S-amino-, ethyl esters 
(Goss and Ingold), 1277. 

l-Uethyl{!^eZop8ZLtan.-8*one-5-oarb- 
oxylic acid (Goss and Ingold), 
1276. 

6- UethyId%cZop6ntaiL-8-one4-earb« 
oxylic acid, and its oxime (Goss and 
Ingold), 1278. 

X.lCethyl<g(t<^c^opeiLteixe-2:4:5-tzieatb- 
oxylic acid, 3-amiao-, esters (Goss 
and iNGou)}, 1274. 

Xethylpentenoie aeidB, preparation and 
derivatives of (Goldberg and Lin- 
stead), 2353. 

6-Xethyidiey!e20peBteii-3-oldicarboxyHc 
add, methyl hydrogen ester (Goss 
and Ingold), 1273. 


5-Xethyh2^c7openten-3-oM;2:4-tri- 
carhoxylic acid, esters (Goss and 
Ingold). 1272. 

a-Uethyl-A^-c^c/opentenylaeetone, and 
its semicarbazoue (Baedhan), 2604. 

a-Hethylcydopentylideneacetic acid, 
and its dmvatives (Baedhan), 2603. 

0- Xethylc^c/opentylideneacetone, and 

its semicarbazone (Baedhan), 2603. 

1- Hethylphenazine, preparation of. and 
its chloroplatinate ( M c( ' ombie, Scae- 
BOEODOH, and Waters), 865. 

Methylphenoxtellnrine, chloro-, and its 
salts and phenoxtelluiine compound 
(Drew). 510. 

Methylphthalide, 6-hydroxvfr£chloro- 
(Chattaway and Caltet), 1092. 

Hethylphthaloximes, hydrolysis of 
(Brady, Barer, Goldstein, and 
Harris), 539. 

a-Methyl-a-A^-pnlegenylacetone, and its 
semicarbazone (Jdpp, KoN, and Lock- 
ton). 1643. 

8-Metbyl-6-pyrazolone-l-carboxy-a- 
carbethoxyfsopropylidenehydrazide 
(Munro and Wilson), 1260. 

e-Metbylqnmoline, 2-chloro-, and 2- 
iodo-, methioilide (Hamer), 210. 

2- X6tliyl^tiinoxalme, 2-ft^Mromo- 

(Bennett and Wilus), 1974. 

2- ]iiEethylq[iiinoxaline-8-pymvic acid, 

ethyl ester, and its p-nitrophenyl- 
hydrazone (Bennett and Willis), 
1974 

4>Xethyl8tyryl nonjl hetone, and its 
diraeride (Heilbeon and Irving), 
2825. 

S-Xethyltetrahydrocarbazole, and 
nitro-, and their acetyl and benzoyl 
derivatives (Plant and Eossbe), 
2467. 

3- Xetliyltetrabydrocarbazole*-9- 
carbozylic acid, and 10:ll-(2£hydroxy- 
and iiitro-, ethyl esters (Plant and 
Rosser), 2459. 

S-Xethyltetrabydropentisdole, and its 
salts (Plant and Rippon), 1911. 

Xethyltbiolbenzaldehydes, nitrophenyl- 
hydrazones of (Hodgson and Hand- 
ley), 1886. 

2-lCethylthiolhydrazine (Hodgson and 
Handley), 1884. 

Hethylthiolphenylhydrazines (Hodgson 
and Handley), 1884. 

^^Hethyltrimethylenedlainme, complex 
platinum salts of (Mann), 1261. 

^-HethylTalerolaeto&6, and its silver salt 
(Biecab), 902. 

Migrations, transannular anionotropic 
(Cook), 2798. 

Molecolar dissymetiy (Mills and 
Elliott), 1291. 
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Molybdenum, surface ondation of (Bak- 
WISTEB), 3163. 

Molybdenum organic compounds 
Molybdenum osalates, complex 
{Spittle and Waxulaw), 2742. 
thiocyanates, complex (James and 
Waedlaw), 2726. 

Molybdenyl acetylaeetone (Moeoa^ 
and Castell), 3255. 

Molybdyl bis-jS-diketones (Morgan 
and Castell), 3252. 

Monosaccharides, structure of (Hirst 
and Smith), 3147. 

1-Morphothebaine dimethyl ethers, and 
their derivatiyes (Oulland and Haw- 
orth), 2088. 

Moulds, degradation of fatty acids by 
(CoppooK, SuBBAMANiAM, and 
Walker), 1422. 

Muconic acid, ethyl ester, hydro- 
genation of (Evans and Farmer), 
1646. 

Myo^nim lM%mi (“ngaio”), con- 
stituents of (McDowall), 1324. 


N. 

a-Kaphtbaldehyde p-sitrophenylhy- 
.drazone (Sboesmith and Guthrie), 
2332. 

Naphthalene, l:8-(Zithiol-, and its nickel 
denvative (Price and Smiles), 2373. 

NaphthalenB-2-8uIphinio acid, 1-iodo- 
( Barber and Smiles), 1)45. 

Naphthalenesulphonic acid, bomyl and 
menthyl esters, decomposition and 
hydrolysis of (Patterson and 
McAlpine), 2464. 

Naphthalen6-2-sulpho]iic acid, 1-iodo-, 
and its derivatives (Barber and 
Smiles), 1144. 

a-Kaphtlu^e8ul]^Qnylalaitine8, dU 
and ef-, ethyl esters (Collss and 
Gibson), 108. 

l;3-Napht^qninone 2^carbQxypbenyl 
sulphoxide, and its derivaiiTes (Price 
and Smiles), 3159. 

3 :4-Sraphthat]iiozanthone-l:2-qtdnone 
(Price and Smiles), 3159. 

jS-Kaphthol, 3-bromo- (Olemo and 
Spence), 2819. 

j8-Kaphthol-l-gulphonic acid, new re- 
action of diazosnlphonates from 
(Rows and Levin), 2550; (Rows, 
Himmat, and Levin), 2556. 

Naphthylene l:8-(2isnlphide (Price and 
Smiles), 2372. 

a*Naphtbylparaconie acid (Sboesmith 
and Guthrie), 2332. 

Neocyanine, and its derivatives (Hamer) , 
1472. 


Neodymium selenate (Friend and 
Round), 1820. 

“Ngaio**. See Myoponmi Icetum. 

Ngaiol, isomeride and monoxide of 
(McDowall), 1331- 
hydrogenation of (McDowall), 1326. 

Ngaione, structure of (McDowall), 
1324. 

Nitrates, Nitric acid, and Nitrites. 
See under Nitrogen. 

Nitro-compounds, reduction of, by 
aromatic ketols (Nisbet), 3121. 
aromatic, ionisation of, in liquid 
ammonia (Garner and Gillbe), 
2889. 

Nitrogen, active (Willet), 1620, 
2840. 

tervalent, stereochemistry of (Jack- 
son and Kenner), 573. 

Nitrogen 9no77oxide {niiToiis ixdde\ 
photochemical decomposition of 
(Macdonald), 1. 

d/oxide {niiHe o3cide\ photochemical 
decomposition of (Macdonald), 1. 
oxides, ioduence of intensive drying 
on equilibria of oxygen with 
(Smith), 1886. 

Nitric acid, reduction of, with mag- 
nesium amalgam (Neogi and 
Nandi), 1449. 

Nitarates, reduction of, with mag- 
, nesium amalgam (Neogi and 
Nandi), 1449. 

Nitrous acid, action of, on amino- 
compounds (Taylor), 1099, 1897. 
reaction of hydrogen sulphide with 
(Bagster), 2631, 

intrites, reduction of, with magnesium 
amalgEun (Neogi and Nandi), 
1449. 

Eyponitxites, preparation of (Neogi 
and Nandi), 1449. 

Nitroso-compounds, chemistry of (Earl, 
Ellsworth, Jones, and Kenner), 
2697. 

Nitrous amd. See under Nitrogen. 

Nor-d-i)^-ephedrine, and its salts and 
derivatives (Smith), 61, 

Norpinie acid, attempted synthesis of 
((Jlemo and Welch), 2621. 


0 . 

Obituary notices: — 

Horace Brown, 1061. 

Sir James Dewar, 1066. 

Lucy Higginbotham, 1056. 
Frederick Mollwo Perkin, 3299. 
Henry Richardson Procter, ,3300. 
Madyar Gopal Ran, 3807. 

Edwin Roy Watson, 1057^ 



3356 


INDEX OF SUBJECTS. 


Octadecyl methyl ether (Hbtlbrojt and 
OwEUs), 946. 

5;7:8:9:10:ll:14:15-Octalxydrohepta- 
c[niiioliBe, and its picrate and 5- 
benzoyl derivative (Perkin' and 

. Plant), 2588. 

n-Octanesulphinic acid, ferric and 
sodium salts (Fenton and Ingolb), 
SISO. 

Octoic acid, allyl ester (Del'lofeit), 
528. 

9K-OctyIoKyacetic acid, and its 2-menthyl 
ester (Rule, Hat, and Paul), 
1357. 

Oils, vulcanisation of (Knight and 
Stambeboer), 2791. 
essential, Indian, constituents of 
(Rao and Simonsen), 2496. 

Olefinic compounds, action of bromine 
water on (Bead and Reid), 1487. 

Oleic acid, methyl ester, o3udation of, 
by hyckogen peroxide in presence 
of acetic acid (Hilbitch and Lea), 
1576, 

Opianio oxime, and its reactions 
(Bbaby, Baker, Golbstein and 
Harris), 529. 

Optical activity and polarity of snb- 
stituent groups (Rule, Hay, Num- 
bers, and Paterson), 178 ; (Rule, 
- Hat, and Paul), 1847 ; (Bbets- 
CHER, Rule, and Spence), 
1493. 

inversion, Walden's (Roebam), 2447. 

Optically active compounds, influence 
of solvents on rotation of (Pat- 
terson and McAlpine), 2472 ; 
(Patterson and Buchanan), 
3006. 

co-ordination, rotatory dispersion of 
(Woob and Nicholas), 1727. 

Organic compounds, oxidation of, with 
aiehromate (Ark), 46. 

Organo-metallic compounds, cyclic 
(Drew), 506, 511. 

Osmium, catalytic hydrogenation by 
means of (Sabikov and Mikhailov), 
438. 

Oxalic acid, electrometric titration of, 
(Gans and Ingolb), 1598. 
complex molybdenum salts (Spittle 
and Wardlaw), 2742. 
triaminopropane trihydrogen salt 
(Mann), 898. 

Oxidation of organic compounds with 
dichromate (Ark), 46. 

Oximes, isomerism of (Braby, Baker, 
Goldstein, and Harris), 529. 

Oxydehydrocorylaline, s;^thesis of 
(Kosffli and Perkin), 2989. 

Oxygen, heat of adsorption of, on char- 
coal (MoKie), 2870. 


Oxygen, effect of catalysts on flame speed, 
iuira-red emission and ionisation 
daring combustion of carbon mon- 
oxide and (Garner and Johnson), 
280. 

Oxylnpanine, and its chloroplatinate 
(Clemo and Leitch), 1819. 


P. 

Palladium organic compounds with tri- 
aminopropane (Mann), 897. 
o- and j8-Parabntylchloral (Ghattawat 
and Kei.lbtt), 2712. 
a- and i8-Parachloral (Ghattawat and 
Kellett), 2711. 

Parachor and chemical constitution 
(Freiman and Sugben), 263 ; (Sug- 
BBN], 410 ; (Etbibge and Sugben}, 
989. 

Passivity of metals (Hsbges), 969. 
Pectin of flax plant (Henbebson), 
2117. 

Pelargonidin chloride, synthesis of, and 
its benzoyl derivative (Robertson, 
Robinson, and Sugiura), 1533. 
cycZoPeutadienes, tautomerism of (Goss 
and Ingolb), 1268. 

Pcntamethylenc-ae -bise^c^elluripent- 
ane l:r-(fibromide, -bisperbromide, 
-(iichloride, -diohromate; and 
iodide (Morgan and Burgess), 325. 
c^c^oPentane-l-acetic-l-carboxylic acid, 
and its derivatives (Babdhan), 2600. 
0-c^cioFenUaiespirobutyioULetone, and 
its silver salt (Sircar), 902. 
cs^c^oPentane-lri-diacetic acid, aa-di- 
hydroxy- (Goss), 1310. 
5'cye&)Pentaue^ir(>dicyc20pentan-4-ol-8- 
one-l-carboxylic acid, and its methyl 
ester (Goss), 1309. . 
S-cycZoPentane^iVoc^cIopenten-S-ol-lsd- 
diene (Goss), 1308. 

PentaxLe-ae-dzthiolacetic acid (Chivers 
and Smiles), 701. 

i3-^c2bPcutane^irovalerolactone, and 
its silver salx (Sircar), 903. 
ryrfoPentanone cyanohydrin, condens- 
ation of hexahydrocarbazole and of 
tetrahydropentindole with (Plant 
and Rippon), 1906. 

f'-cyc^oPentylcyanoacetie acid, ethyl 
ester (Vogel), 2021. 
c^c2oPentylideneacetoacetic acid (Jupp, 
Kon, and Lockton), 1642. 
(jyrZbPentylmalonic acid (Vogel), 2022. 
PeonidiiL chloride, f,yuthesis of, and its 
benzoyl derivative (Murakami and 
Robinson), 1537. 

a-Phellandrene, oxidation of (Henry 
and Paget), 75. 
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PlienaeylbenzyldimethylaixmioiiiTim 
bromide (Stevens, Cbeighton, Gor- 
don, and MagNicol), 8196. 
4-F]ienaoyl-2:3-dimeth7M:4-benzo- 
pyran (Hill), 258. 

Pbenaoylphenyldietliylaiiunoninm iod- 
ide (Stevens, Creighton, Gordon, 
and ]MaoNioql), 8195. 
Phenacyl-jS-plienyletlLYldimethyl- 
ammoniam bromide (Stevens, 
Creighton, Gordon, and Mac- 
Nicol), 8195, 

4-Phenacyl-3-plienyI-2-m6iliyl-l:4- 
benzopyran (Hill), 258. 

l-Phenantbrol, synthesis of (Shoe- 
smith and Guthrie), 2832. 
Pbenazine, 2-biomo- and 2-chloTo- (Mc- 
CoMBiB, Scarborough, and Waters), 
356. 

Pbenazine series, syntheses in (Mc- 
CoMBiE, Scarborough, and Waters), 
353. 

Phenol, wi-fluoro-, nitration of (Hodg- 
son and Nihon), 1879. 

Phenols, irregularity in cryoaeopy mth 
(Biohardson and Robertson), 
1775. 

nitrosation of (Hodgson and Wig- 
NALL), 329. 

condensation of chloral with (Chatt- 
AWAY and Calvbt), 1088. 
condensation of diohloroacetaldehyde 
with (Chattaway and Horbis), 
8241. 

equilibria of, with ethylene (Pushin 
and Sladovio), 837. 
compounds of, with lead subaoetate 
solution (Gibson and Hatthsws), 
596. 

reactions of selenium oxychloride with 
(Morgan and Burstall), 3260. 
introduction of the triphenylmethyl 
group into (Boyd and Hardy), 630. 
Phenols, bromoamino-, chloroamino- and 
and iodoamino-, and their hydro- 
chlorides (Hodgson and Ker- 
shaw), 2704. 

halogenoamino-, and their deriv- 
atives (Hunter and Barnes), 
2058. 

nitro-2-ammo-, chloroaeetyl and 
acetyl derivatives (Newbeby and 
Phillips), 3048. 

Phenolic compounds, acylated, migra- 
tion of acyl group in (Pbrhin and 
Storey), 229. 

Phenolphthalein, constitution of, and 
its monomethyl ether (Lund), 1569. 
PhenozideB, action of aliphatic esters 
on (Gyngell), 1784. 

Phenoxaelenine, and its salts and deriv- 
atives (Drew), 521, 


Phenoztellurine, determination of, in 
tellnrylium compounds (Drew), 509. 

Phenoz^onine, and its oxides (Drew), 
519. 

Phenozyacetic acid, 2-nitro-4-amino-, 
acetyl derivative (Nbwbery and 
Phillips), 3049. 

Phenozyacetic acid 4-aTsinic acids, 
mono- and di-amino-, acetyl dtiriv- 
atives, and their derivatives (New- 
bery, Phillips, and Sticeings), 
8054. 

Phenozyaeetie acid 4-dzchloroarsine, 
2-nitro- (Newbery, Phillips, and 
SncKiNGs), 8056. 

Phenyl isobntyl ether, p-chloro- (Brad- 
field and Jones), 3081. 
ethyl selenide dtbromide (Edwards, 
Gaythwaitb, Kenyon, and Phil- 
lips), 2302. 

methyl selenido d^hydroxide and 
dihalides (Edwards, Gaythwaitb, 
Kenyon, and Phillips), 2300. 
p-tolyl selenide dibromide and selen- 
oxide (Gaythwaitb, Kenyon, and 
Phillips), 2283. 

Phenyl groups, effects induced by 
(Ashworth and Burghhardt), 1791. 

Ph6nylac6to-/3-3:4-dimetliozyphe:^l- 
ethylamide, 2 -uitro- (Gulland and 
Haworth), 585, 

Phenylaeetonitrile, nitration of (Baker, 
Cooper, and Ingold), 430. 

a-Phenyl-B-alkylacrylonitriles, alhyl-“ 
aticn of (McRj^ and Manske), 
484. 

a-Ph$nylallyl alcohol, and its p-nitro- 
benzoate (Burton and Ingold), 914. 

a-Phenylallyl alcohol, a-p-chloro-, and 
itsp-nitrobenzMate (Burton), 1655. 

Phenylaminoacetic acid, opticaUy active 
derivatives of (McKenzie and 
Walker), 646. 

Phenylarsenozide, moTio- and di-amino- 
hydroxy-, and their acetyl derivatives 
and salts (Newbeby and Phillips), 
2377. 

Phenylarsines, ammohydroxy-, acetyl 
derivatives (Newbery and Phillips), 
2381. 

Phenylarsinic acid, 4-amino-3-hydroxy-, 
and its acetyl derivative, 2:4-di- 
amino-3-liydraxy-, acetyl deriv- 
atives, 3-chioro-6-amino-, and its 
acetyl derivative, 3-chloro-4-nitro-, 

2- nitro-4-amino-8-hydroxy-,4-nitro- 

3- hydroxy-, and their salts (Bala- 
BAN), 809. 

5-amino-2:4-dihydroxy-, and 5-mtro- , 
5-ainino-4-hydroxy-, acetyl .toiv- 
atives (Newbery, PniLLtPS, and 
Stickings), 3058. 
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Phenylarsinic acid, c^iaminohydroxjr- 
and uitroaminohydrozy-, and their 
derivatives (Balaban), 3069.^ 
iZiaminohydrozy- and 2-nitro-5- 
amino-2-hydroxy-, acetyl deriv- 
atives (Nbwbery and Phillips), 
2376. 

Phenylarsinous acid, 8:5-d^amino*4- 
hydroxy-, diaceiyl derivative (New- 
BEKY and PaiLLiPs), 2378. 

l-Phenylbenzthiazole, quaternary salts 
of (Clakk/, 2816. 

lO-Phenyl-S-benzylanthraoene, 1:5- 
diobloro- (Barnett and Cook), 670. 

Phenylbenzyl-Ti-butylstannio hydrox- 
ide, and its salts (Kipping), 2371. 

PhenylbenzylearbixLol, resolution of, and 
its salts (Gerbari) and Kenyon), 
2564. 

10-Pheiiyl-9-bett2yl-9:10-dihydroaiithLr- 
anol, l:5-dicliloro- (Barnett and 
Cook), 569. 

Phenylbenzylstannic chloride (Kip- 
ping), 2868. 

PhenylbenzylBolphone, parachor for 
(Freihan and Sttglen), 268. 

Phenylbromoaeetamide, 2:4-dfnitrQ- 
(FAiBBOtTENB and Pawson), 1079. 

Phenylbxoittocyaiionitromethaiie, m- 
nitro- (Fl9rschsim and Holmes), 
476. 

Phenylbroxnoxnalonamic add, 2:4- 
dinitro-, ethyl ester (Fairboubne and 
Fawson), 1079. 

S-Phenyl-B-eo-dzbromomethylquixioxal- 
ine (Bennett and Willis), 1974. 

Phenyl-n-bntylstannic chloride (Kip- 
ping), 2371, 

jS-P3ienylbutyric acid, y-amino-, hydro- 
bromide (Jackson and Kenner), 
1659. 

y-Phenylcarbamyl-Ti-hexylaminopropyl 
arsinic acid (Gough and King), 2443. 

Phenylchloroaoetamide, 2:4-dznitro- 
(Fairbourne aud Fawson), 1078. 

Phenyld/chloioarsiiLe, memo- and di - 
aminohydrozy-, and their acetyl 
derivatives and salts (Newbery and 
, Phillips), 2377. 

nenyl-j^-oMorobenzyl ketone (Bennett 
and Willis), 1966. 

Phenylchlozocyanoaeetie acid, 2:4:6- 
trinitro-, ethyl eater (Faiebourne 
and Fawson), 1080. 

Phe^lshloremalouainic acid, 2:4-<2i- 
mtro-,-et&yl ester (Faiebourne and 
Fawbon), 107a 

Phenylobloromalomc acid, ethyl ester 
(FLtEscHEiH and Holmes), 1618. 

Ptoiy^l-jHiiaflxoidte&ykl]^^ alcohols, 
and their derivatives (Burton and 
Ingold), 917. 


Phenyl-jS-^-ehlorophenylethyl ketone, 
and its oxime (Burton and Ingold), 
918. 

3-Phenyl-5-chlorostyrylcyc7ohexen-l- 
ones (Hezlbron and Hill), 2868. 

8- Phenyl-5-ohlorostyrylcycZahexen-l- 
cne-2-oarboxylic acids, and (£^chloro-, 
ethyl esters (Hbilbron and Hill), 
2868. 

Phenylcyanoacetic acid, nitro-, esters, 
oxidation of (Faiebourne and Faw- 
son), 1077. 

Phenyl^fcyanoacetic acid, and m-nitro-, 
ethyl esters (Flubscheim and 
Holmes), 2237. 

Phenyloyancmalonic acid, ethyl ester 
(FlOrsgheim and Holmes), 2236. 

9- Ph6nyl-10:10*dibenzyl-9:19-diliydro- 
anthranol, 1-chloro- (Barnett and 
Cook), 572. 

10- Phenyl-9:9-dibenzyh9:10-dihydro- 
anthranol (Barnett and Cook), 
671. 

3-Phenyl-l ;3-d£hydrophthalazin6-4- 
acetic acid, l-hydroxy-8-3'-nitro., 
and its derivatires, ana 3-8'-nitro-, 
sodium hydrogen salt (Rowe, Himmat, 
and Levin), 2558. 

Phenyl i3:8-diinethoxystyryl ketone 
(Bennett and Willis), 1967. 

Phenyldithymylmethanes, chloro-, 
hydroxy- and nitro- (Bell and 
Henry), 2226. 

Phenyldi-27-tolylbenzyIstannane (Kip- 
ping), 2370. 

Phenylene-I-acetic-a-propionic acids, 
(Titlby), 2580. 

l:8-Phenylenediaiiiinodi-o-phenyl- 
arsinic acid (Gibson and Johnson), 
2211 . 

Phenylenediacetic acids, esters (Tit- 
ley), 2579. 

o-Phenylenediamine, condensations of, 
with organic acids (Phillips), 2395. 

Phenylenedipropionic acids, ethyl esters 
(Titley), 2578, 2583. 

o-Phenylenemalonamide, sodium salt 
(Phillips), 2398. 

ttr and iS-Fhenylethanesnlphonic acids, 
barium salts (Ashworth and Burck- 
hardt), 1798. 

j8-Phenylethyl bromide, j8-hydroxy- 
(Read and Reid), 1488. 

jS-Phenylethylasnine, jS-hydroxy- (Read 
and &BID), 1489. 

Z-a-Phenylethylaminopropyldfchloro- 
arsme hydrochloride (Gough and 
KzNGh 2448. 

j8-Phenylethyl styxyl ketones, chloro- 
hydroxy- (Heilbron and Hill), 2866. 

tt-Phenylglucoside hydrate (Hickin* 
bottom), 3147. 
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3-Pltenylglutaric acid, ettyl ester and 
dihjdrazide oi (Jaoeson and Ken- 
ner), 1658. 

jS-Plienylglutaric acid, B-o-liydroxy-, 
and its disilver salt (Seseadbi), 169. 

B'Plienylgliitaryl chloride (Jackson and 
Kenner), 578. 

l-Phenyl- A2 S:5-dz- 

chloro-, and its action with chlorine 
(HiNKBLand Hey), 2786. 

l-Phenylcyc2ohezan-3-one, 4: 5:5-i{n- 

bromiH, and 5-ehloro-4:5-dibroino- 
(Hinkbl and Hey), 1202, 1204. 

l-Phenyl-A^-tfycZohexen-S-one, 5-bromo- 
and 5-chloro- (Hinkbl and JSey), 
1200, 

«-Phenyl-j8-»-hexylacrylonitrile (Mo- 
Kae and Manske), 490. 

a-PhenyW-Ti-hexylstLocinic acid (Mc- 
Rae and Manske), 490. 

Phenylhydrazines, chloronitro- (Plant 
and Rosser), 2461. 
2:4:6-trihalogen-suhstitated, action 
of chloral with (Ohattaway and 
Daldt), 2786. 

8-Phenylindole, o-amino-, and its salts, 
and o-nitro- (Kermack and Slater), 
39. 

3-Phenylindole-2-earhoxylio acid, o- 
nitro*, and its salts (Kermack and 
Slater), 38» 

Phenyldiiodoarsine, mono- and di- 
ammohydroxy-, and 8-nitro-4-hy- 
dro^-5-amino-, and their acetyl 
derivatives and salts (NWbery and 
Phillips), 2377. 

PhenylnLathAnetriearboxylio acid, and 
o-nitro-, ethyl esters (FLtBsoHSiM 
and Holmes), 1612. 

PhenylmethoxychloToarsines, amino- 
hydroxy- (Newbbrt and Phillips), 
2380. 

Phenyl iS-methoxy-p-ohlorostyryl ke- 
tone (Bennett and Willis), 1966. 

l-Phenyl-4-inetIiyl-3:4-dihydrowoqnin- 
oUne, 4-ammo-, and & derivatiyes 
(Jackson and Kenner), 1660. 

S-Phenyl-l-methylindole, o-amino-, and 
its salts and acetyl derivative, and 
o-nitro- (Kermack and Slater), 
45. 

S-Phenyl-l-methylindole-B-carhoxylic 
acid. 3-nitro-, and its salts (Kermack 
and Slater), 48. 

3-Phenylmeth7linfi1diylen6a3nino-2:4- 
diketo-5-ethyltetrahydrothiazole 
2-pheuylmethylmethylenehydrazone 
{Stephen and Wii.s6n), 1418. 

3-Phenyl]n8thyIinethylen6ainino-S:4- , 
diketo-d-methyltetrahydrothiazole 
2-phenylmethylmetbylenebydrazcne 
(Stephen and Wilson), 1418. 


3* Phenylineth.y2zBethyleneamino-2:4- 
diketo-5-phenyltetrahydrothiazole 
2-phenylmethylmethyIenehydrazone 
(Stephen and Wilson), 1418. 

Phenylmethylnitrosoamine, 4-bromo- 
2:6-dinitro- (Clemo and Smith), 
2421. 

Phenylmethylphosphinanilide (Gibson 
and Johnson), 96. 

Phenylmethylphosphinic acid, esters 
(Gibson and Johnson), 96. 

Phenylmethylphosphinyl chloride (Gib- 
son and Johnson), 95 

1- Phenyl-8-methyl-6-pyrazolone-4-i5- 
propionic acid, ethyl ester (Clemo 
and Welch), 2628. 

3-Phenyl-6-me^yl 4-pyrone, salts and 
derivatives of (Gibson and Simonsbn), 
2307. 

Phenylmethylselenetine bromide, pre- 
paration of, and its action on heating 
(Edwards, Gaythwaite, Kenyon, 
and Phillips), 2297. 

Phenylmethylanlphone, 2-iodo- (Bar- 
ber and Smiles), 1144. 

2- Ph6nyl-^ari-naplLtha-l;3-ditliian6 
(Price and Smiles), 2874. 

2-Phenylnaphthylene-l!3-dianune, 
derivatives of (Gibson, Kentish, and 
Simonsbn), 2131, 2138. 

Phenylnitromethane, constitution and 
substitution of, and its derivatives 
(Fl&bsoheim and Holmes), 458. 

2-(i8*PhenyI-27-nitrostyTyl)^uinozalme 
(Bennett and Willis), 1972. 

Phenylopianic oxime, 2;4-<fiiiitro- 
(Brady, Baker, Goldstein, and 
Harris), 536. 

S-Phenyl-B-phenylacetoxymetliyl- 
^ninozaline, and 2-y-chioro- (Ben- 
nett and Willis), 1974. 

Phenyl B-phenylethyl ketone semi- 
carbazone (Shoppes). 267 1. 

Phenyl iS-phenylethyl ketone, j?-chloro-, 
and its oxime (Burton and Ingold), 
918. 

Phenylphthalazones, amino- and nitro-, 
and their derivatives (Rowe and 
Levin), 2550 ; (Rowe, Himmat, and 
Levin), 2566. 

AT-Phenylphthalimidine, 3^-amino- and 
8'-hydroxy-, and their derivatives 
(Bowk, Himmat, and Levin), 2560. 

iS-Pheny^ropane, ay-cTiamino-, and its 
derivatives (Jackson and Kenner), 
1657. 

Phenylpropiolie acid, addirion . of 
“bromine chloride” to (Hanson 
and James), 2979. 

and its ethyl ester, nitration of 
(Baker, Cooper^ and iNGOLDji 
429. 
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jS-Fhenylpropionic acid, ad^Meira- 
chlorov and ajSi8-/ncliloro-a-bromo- 
(Hanson and James), 2985. 

a?^(?-j8-Plieiiylpropionic acid, ^-chloro- 
a-bromo* (Hanson and James), 
1958. 

4- Plienyl-2-pyrrolidone, and its deriv- 
atws (Jackson and Kennee), 1659. 

FhenylselenoglycoUic acid diWmide 
(Edwabds, Gaythwaite, Kenton, 
and PhiitLIPs), 2298. 

a-Phenylstyryl benzyl ketone, 2-bydr- 
oxy-, and its semicarbazone (Dickin- 
son, Heilbkon, and O’Beien), 2080. 

5- Pbenyl-S-styrylqninozaline, and its 
nitro-derivatives (Bennett and Wil- 
lis), 1972. 

3-Pbenylt6trabydropbtbalazine*4-ac6tic 
acid, l-hydroxy-3-3'-amino-, and its 
acetyl derivative (Rowe, Himmat, 
and Levin), 2559. 

PbenyltbymylacetonitrUes, bydroxy- 
(Bell and Hsnby), 2225. 

7 -Pbenyl-a-p-tolylaIIyl alcokol, and its 
acetates (Bitbton and Ingold), 916. 

Pbenyl-j^-tolylbenzylstannic hydroxide, 
and its salts (Kipping), 2870. 

Phenyl jS-p-tolylethyl ketone, and its 
ketoxime (Bubton and Ingold), 921. 

Phenyltribenzylstannane (Kipping), 

2367. 

Phenyltrimethylarsoniimi picrate, 
m-nitro- (Ingold, Shaw, and Wil- 
son), 1285. 

PhenyltrlmetliylphosphoiLiiini picrate, 
and m-nitro- (Ingold, Shaw, and 
Wilson), 1283, 

Phenyltrimethylstiboninin picrate, and 
m-nitro- (Ingold, Shaw, and Wil- 
son), 1283. 

PhlorofliLcinolphenolphihaleliL 
2';4:';6'-trimethyl ether (Lttnd), 1575. 

Phloroglncinolphthalein hexamethyl 
ether (Lund), 1573. 

Phorone, ring-chain valency tautomer- 
ism in derivatives of (Sugden), 410. 
substitution in oycHc derivatives of 
(Ingold and Shoppbe), 1868 ; 
(Seoppee), 2360. 

Phorone, oa-d^bromo-, preparation and 
reduction of (Ingold and Shoppbe), 
885. 

Phoi^honinm salts, aromatic, nitration 
of (Ingold, Shaw, and Wilson), 
1280. 

Phosphorufl, spectmm of glow of 
(Bmel^us and Pueoell), 628. 

Phosphorus ^rioxide, pure, preparation 
ana properties of (Miller), 1847. 
oxychloride. See Phosphoryl chloride. 

Phoi^orus orgaule compounds (Gib- 
son and Johnson), 92. 


Phosphoryl chloride, action of, on 
diarylisopropyl alcohols in pyridine 
(Botd and Ladhams), 216. 

Phthalie acid, separation of homo- 
phthalic acid from (Pools), 1378, 

Phthalie acid, 4-bromo-, preparation of 
(Baker), 2829. 

and Z-a-Phthalimidf^honylaeetie 
acids (McKenzie and Walkeb), 
648. 

Phthaloximes, sodium salts, methyl- 
ation of (Bbadt, Baber, Goldstein, 
and Habbis), 538. 

Pimelic add, electrometric titration of 
(Gane and Ingold), 1598. 
Z-menthyl hydrogen esters (Rule, 
Hat, and Paul), 1868. 

Pinus longifoliaf Indian turpentine 
from (PiLLAT and Simonsen), 359. 

jVlV'-Pipera2inedi-33'-etliylarsiaic acid 
d^hydroehloiide (Gough and King), 
2436. 

y-Piperazinoprcpylarsinic acid, d{- 
hydrochloride and benzoyl derivative 
of (Gouge and King), 2445. 

Piperidine, interaction of, with nitro- 
and halogenonitro-derivatives of 
xanthone and diphenylene oxide (Le 
FiiVRE), 3249. 

2'-Piperi^o*2*acetoxybenzophenone, 
6!5'-dinitro- (Lb FfcvRB), 3251. 

jS-Piperidinoethylarsinic acid hydro- 
chloride (Gough and Kino), 2436. 

/B-Piperidinoethyld/chloroarsine hydro- 
chloriiie (Gough and King), 2436. 

S-Piperidinoethyldiiodoarsme hydr- 
lodide (Gough and King), 2436. 

2'-Piperidino-2-hydroxybenzophenotte, 
SxS'-dmitTO- (Le FhvEE), 3250. 

y Piperidinopropylarsmio acid, and its 
hydrochloride (Gough and King), 
2443. 

7 -PiperidSnopropyWichloroarsinehydro- 
chloride (Gough and King), 2444. 

Piperonylidenethebainone (C^ulland), 
705. 

Piperylene, catalytic hydrogenation of 
(Lebedev and Yakubohik), 2200, 

Pipette, new (Ridtard), 749. 

PlatmicyanideB. See (^yanoplatinates. 

Platinum, catalytic, influence of arsenic 
on, in oxidation of sulphur dioxide 
(Maxted and Dunsby), 1600. 
colloidal (Pennycuick and BEST)f 
651; (Pennycuick), 2108. , 

Platiaum alloys with mercury, ad- 
sorption of gases on (Smith), 
2046. 

Hexahydrozyplatiiiic acid (Penny- 
cuick and Best), 560. 
in colloidal platinum solutions 
(Pennycuick), 2108. 
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Platinum organic compounds with 
triamiuopropane (Makk), 890. 
Platinum salts, complex, with i3- 
methyltrimethyienediamine 
(Mann), 1261. 

Platinum electrodes. See under Elec- 
trodes. 

Polarity and optical activity of sub- 
stituent groups (Rule, Hay, Num- 
BEiis, and Patekbon), 178; (Rule, 
Hay, and Paul), 1347 ; (Beetsohee, 
Rule, and Spence), 1493. 

Polycyclic compounds, chemistry of, in 
relation to their homocyclic unsatur- 
ated isomerides (Ooss), 1306. 

Polygalacturonic acid (Henuebbon), 
2128. . 

Polynuclear compounds, catalytic pro- 
durtionof (Olemo and Spence), 2811. 

Polysaccharides (Hawoeth and 
Learner), 619 ; (Haworth, Hirst, 
and Webb), 2681 ; (Drew and Ha- 
worth), 2690. 

Potassium chloride, density and vis- 
cosity of satnrated soluiions of, in 
hydrochloric acid (Ingham), 1917. 
chromate and (bichromate, action of, 
with cuprous chloride in sodium 
chloride solution (Venn and Ebge), 
2142. 

(bichromate, parachor for (Freimait 
and SUGUEN), 268. 

sulphate, eqxdlibriam of, with cobalt 
sulphate and water (Cayen and 
Johnston), 2506. 

Potential, electrokinetic, between the 
sohd and liquid states of a substance 
(Fairbrothbr and Wormwbll), 
1991. 

Propane, ay-dl-js-toluenethiolsulphonate 
(Chivebs and Smiles), 700. 

Propane, aSy-briamino-, complex palla- 
dtum and platinnm salts with (Mann), 
890. 

Prcpane-oy-dipyridinium salts (Gough 
and King), 2447. . 

Propane-aa 7 -tricarhozy]ie acid(LENNON 
and Perkin), 1524. 

Propanol, ^-nltro-, sodium salt (Rarl, 
Ellsworth, Jones, and Renner), 
2702. 

Propionylacetophenone, and its de- 
rivatives (Lovett and Roberts), 
1976. 

Propoxyacetic acid, b-menthyl ester 
(Rule, Hat, and Paul), 1355. 

a-isoPropylacetonedicarboxylic acid, 
and its ethyl ester (Harihaean, 
Menon, and Simonssn), 485. 

l-n-Pro^ylamino-S-methylbeozthiazole, 
and its derivatives, and 5-bromo- 
(Hunter and Styles), 3026, 


7 -w-Ppopylaminopropylarsinic acid, and 
its hydrochloride (Gough and Ring), 

2441. 

7 -n-PropylaminopropyMichloroar 8 ine 
hydrochloride (Gough and Ring), 

2442. 

9-n-Propylanthracene, 2-chloro« (Bar- 
nett and Wiltshire), 1824. 

Propylarsinic acid, 7 -amino-, 7 -chloro- 
and 7 -hydroxy-, and their salts 
(Gough and Ring), 2439. 

Propyl(biehloroarsine, 7 -clilorQ- (Gough 
and Ring), 2489. 

7 -woPropylcyanoacetic acid, ethyl ester, 
preparation of (Vogel), 2019. 

b-isopropylsuccinie acid, and its salts 
and derivatives (Henry and Paget), 
78. 

a-isoPropylglutaeonie acids, isomeric, 
and their ethyl ester (HahihaRan, 
Menon, and Simonsbn), 431. 

a-mPropylglutarie acid, jS-ohloro-, «- 
cyano-, and 6 -bydroxy-, <thyl esters 
(Hariharan, Menon, and Simon- 
sen), 434. 

b^Propylideneacetoacetic neid, ethyl 
ester, and its semicarbazone (Jupb, 
Ron, and Lockton), 1642. 

isoPrcpylidenemalonic acid, ethyl ester 
(Vogel), 2018. 

isoPropylnialonie acid, preparation of 
(Vogel), 2020. 

d-isePropylstyxyl nonyl ketone, and its 
dimeride (HeIlbron and Irting), 
2323. 

Prototropic compounds, absorption 
spectra of (Lowry, MacOonkey, and 
Burgess), 1333. 

Pseudaconine, and its tetra-acotyl 
derivative (Henry and Sharp), 
1112 . 

Pseudaeonitine, and its salts and 
derivativHs (Henry and Sharp), 
1111 ; (Sharp), 3094. 

A^-Pulegonylacetone, and its semi- 
carbazoue (Jupp, Ron, and Lockton), 
1643. 

Pump, gas circulating (Barr), 3293. 

Purpurin, and its acetyl derivatives, 
and their methyl ethers (Perkin and 
Storey), 287. 

Pu^urozanthin, and its 3-acetyl de- 
rivative, and their methyl ethers 
(Perkin and Storey), 238. 

Pyridine, inhibition of esterification by 
(Bailev), 1204. 

nuclear fission of, by oxidation with 
potassium permanganate (Shaw and 
Wilkie). 1377. 

additive compound of phosphoiyl 
ehloiide and (B 0 Y 19 and Labhams), 
218. 
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Pyropsendaconine} and its denvatives 
(Sharp), 3098. 

Pyropseudaconitine (Sharp)^ 3097. 

Pyroterebio acid, synthesis of, and its 
derivatives (Goldberg and Lin- 
stead), 2343. 

l-2-Pyxrolidone"5-earbozyanilide, and 
its derivatives (Gbav), 1265. 

Pytylinm salts, synthesis of (Robertson 
and Robinson), 1526; (Robertson, 
Robinson, and Sugiitea), 1638 ; 
(Mhrakaiii and Robinson), 1687 ; 
(Bradley and Robinson), 1641. 


Cl. 

I^uartz, rotatory dispersion of (Wood 
and Kicholas), 1735. 
adsorption of vapours on (Smith), 
2952. 

2 -^niiii 2 ariiipheiiylsulphone- 2 ^-earb- 
oxylie acid (Price and Smiles), 3157. 

Qninol, 2:6-<2icliloro-, condensation of 
chloral with (Chattaway and Oal- 
vet), 2913. 

Quinoline, 2-iodo>, ethiodide and meth- 
iodide (Hamer), 209. 

Qninozaline, 2:3-d«hydroxy., and its 
sodium salt (Phillips), 2397. 

Qninozalines, reduced, stereochemistry 
of (Gibson, Jutland, and Simon- 
sen), 108. 

substituted, steric hindrance in re- 
actions of (Bennett and Willis), 
1960. 

Quisozalinearsinie acids, 2:3.efihydr- 
oxy- (Phillips), 3139. 

Quinozalinecj/cZopentane, benzylidene 
derivatives (Bennett and Willis), 
1973. 


Racemates, influence of constitution on 
stability of (Findlay and Campbell), 
1768. 

Racemic mistnres, spontaneous resolu- 
tion of (Anderson and Hill), 993. 

Radicals,, eleotronic a&iities of (Zaki), 
988. 

Reactions, inhibition of (Bailey), 3256. 
Mmoleeolar, velocity coeihcient for, 
in solution (Horrish and Smith), 
129. 

elimination, influence of poles and 
polar linkings bn (Inqold and 
Yajss), 3126; (Fenton and In- 
gold), 8127« 

RescrCuial dimethyl ethers, 5-ehloro-2- 
and -4-nitro- (Hodgson and Wig- 
nAll), 331. 


Resorcinol, 2:4:6-^nnitro-5-amino-, and 
its ethers (FlArscheim and Holmes), 
3044. . 

Resorcinolphenolphthalein, 2^;4'-di- 
methyl ether (Lund), 1576. 

Resorcinolphthalein tetramethyl ether 
(Lund), 1674. 

Rhodiozalic acid, potassium salt, ro- 
tatory dispersion of (Wood and Hioho- 
las), 1736. 

Rotation and chemical constitution 
(Gsrrard and Kenyon), 2664; 
(Holloway, Kenyon, ' and Phil- 
lips), 3000. 

of optically active compounds, in- 
fluence of solvents on (Patterson 
andMcALPiNE), 2472 ; (Patterson 
and Buchanan), 3006. 

Rubidium hyponitiite (Keooi and 
Nandi), 1452. 


Sa&ole d^b^omide (Read and Reid), 
1490, 

iscSafrole, action of bromine water on 
(Read and Reid), 1490. 

Salicylaldehyde, 6-chloro-3‘nitio- and 
3:5-dMtTo- (Lovett and Roberts), 
1978. 

Salicylic acid, ethyl and methyl esters, 
aluminium derivatives (Burrows 
and Ware), 228. 

methyl ester, copper and nickel deriv- 
atives of (Boae and Paceeb), 
2763. 

Salts, complex (Riley), 2986. 
uni-univalent, conductivy of, in benzo- 
nitrile (AIartin), 8270. 

Salting-out effect (Carter and Hardy), 
127. 

Sebacic acid, Z-menthyl hydrogen ester 
(Rule, Hay, and Paul), 1358. 

Selenitopentammiue cobalt salts. See 
under Cobalt. 

Selenitun, quadrivalent (Gaythwaite, 
Kenyon, and Phillips), 2280, 2287 ; 
(Edwards, Gaythwaite, Kenyon, 
and Phillips), 2293. 

Selenium oxychloride, reactions of 
’ phenols with (Morgan and Bur- 
stall), 3260. 

fcirafiuoride (Pbideauz and Cox), 
1603. 

oxyfluoride (Prideaux and Cox), 
739, 

, dioxide, reaction of hydro^n chloride 
with. (Parker and Hobinson), 
2853. 

Selenicus acid, reduction of (Clark), 
2888. 
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Sdlenocyanic acid, aromatic esters, 
nitro- and nitrobalogeno-deriyatives 
(Challenosb and Fbtebs), 1364. 

d-Selenocyanoacetanilide, 2-nitro- 
(Ghali«^gbb and Pbterb), 1375. 

d-Selenoeyanoaailine, 2-nitro- (Chal- 
LENGBB and Pjbtebs), 1875. 

Selenocjanobenzene, j7-tbiocyano-, 
preparation and nitration of (Chal- 
LENGEB and Petesjs), 1372. 

Selenopben, preparation of (Bbiscoe, 
Peei, and Eobinson), 2628. 
and its halogen deriratiTes (Bbiscoe 
and Peel), 1741. 

Selenotolnene, p-bromo>, eZ^bromide 
(Edwabds, GtAythwaitb, Kenyon, 
and Phillips), 2299. 

Semi-pinacoUiL, cyclic, and its deriv* 
atives (Cook), 68. 

Silicon:— 

Disilieon ^iea^hloride, action of, on 
ether (Kipping and Thomp- 
son), 1989. 

commercial, titanium tetrachlor- 
ide in (Kipping and Thomp- 
son), 1377. 

Silicon organic componnds (Kipping 
and Mitbbat), 1427; (Steele and 
Kipping), 1431. 

Silver, solution tension of, in non- 
aqneons solvents (Koch), 269. 

Silver diehromate, precipitation of, in 



sitbfluoride, crystal stmctnie of 
(Tebbby and Diamond), 2820. 
nitote cells. See under Cells. 


Sodium alloys with tin (Hhme-Eoth- 
ebt), 947. 

Sodium chloride, density and viscosity 
of saturated solutions of, in hydro- 
chloric acid (Ingham), 1917. 
sulphate, equilibria of, with mangan- 
ese sulphate and water and with 
zinc amphate and water (Caven 
and Johnston), 2506. 

Solubility in mixed solvents (Gbegg- 
Wilson and Weight), 8111. 

Solutions, equilibria in (Wynne- Jones), 
1230 ; (Sopeb), 1233. 

Solvents, selective action of (Gbegg- 
Wilson and Weight), 3111, 

Sorbic acid, hydrogenation of (Evans 
and Fabmeb), 1648 ; (Goldbebg and 
Linstead), 2343. 

Sorbitol, thalHum compound of (Menzies 
and Kieseb), 190. 

Spectra and atoms (Fowleb), 764. 
absorption, of phototropic compounds 
(Lowby, MaoOonkey, and Btibg- 
Ess), 1333. 

Stannic oxide. See under Tim 


Starch, acetylation and methylation of 
(Hawobth, Hibst, and Webb), 
2681. 

Stereoisomensm in polycyclic systems 
(Pebkin and Plant), 639, 2583. 

Sterol group (Heilbbon, Mobton, and 
Sexton), 47; (Heilbbon and Sex- 
ton), 347. 

Stihonium salts, aromatic, nitration of 
(Ingold, Shaw, and Wilson), 1280. 

Strontium hyponitiite (Neogi and 
Nandi), 1454. 

oxide, and its hydrate:;, action of 
bromine on (Ddnniolifp, Subi, 
and Malhotba), 3106. 

Strychnine, constitution of (Fawcett, 
Pebkin, and Eobinson), 3082. 

Styrene, Edition of polar reagents to 
UsHWOBTH and Btibcehabdt), 
1791. 

action of bromine water on (Eead 
and Eeid), 1488. 

Styrenes, cv-bromo- and w-cbloro-nitro-, 
alkaline hydrolysis of (Dann, How- 
ABD, and 1 )avies), 605. 

Styxyl alkyl ketones, isomerism of (Mc- 
Gooein and Sinclaib), 1170. 

Styryl isobntenyl ketone, 2-hydroxy- 
(MgGooein and Sinclaib), 1176. 

Stjryl terZ.-butyl ketone, 2-hydroxy- 
(MoGookin and Sinclaib), 1176. 

2-Styryl-3;6-dimethylqninoxaline, 2-m- 
nitro- {Bennett and Willis), 1972. 

Styryl ethyl ketone, 4-hydroxy- (Mc- 
Gookin and Sinclaib), .1175. 

Styryl ketones, intermolecular condens- 
ation of (Heilbbon and Ibying), 
2323. 

Styjyl ketones, o-hydroxy-, condens- 
ation of i3-ketonic esters with (Hill), 
256. 

S-Styryl-S-methylohromones, nitro- 
(Nisbst), 3122. 

Styiyl methyl ketone, 3-chloro- (Heil- 
bbon and Hill), 2867. 

S^Txyl methyl ketimes, hydroxy-. (Mc- 
Gookin and Sinclaib), 1174. 

S-Styrylmethylqninolines, and their 
dinitro-derivatives (Bennett and 
Willis),. 1973, 

2-Styryl*S-methylquinoxaUne, nitro- 
derivatives (Bennett and Willis), 
1969, 1970. 

Styryl nonyl ketone, and chloro- and 
hydroxy-, and their derivatives 
(Heilbbon and Ibving), 2323. 

Stjryl propyl ketones, hydroxy- (Mo- 
Gookin and Sinclaib), 1176., ^ 

Styrylpyrylium salts (Dickinson,, Hi&l- 
BBON, and O’Bbien), 2077. , , 

2-Styryl4niii4ui6, 2;4-dmitn>' (B^- 
NBTT and Willis), 1978. 
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S-Styrylqui&ozali&e) nitro-deriyatives 
(Bjenstett and Willis), 1967. 

Suberic acid, electrometric titration of 
(Ganb and Ingold), 1698. 
catalytic decomposition of (Yogel), 
2062. 

Z-menthyl hydrogen ester (Rule, 
Hat, and Paul), 1358, 

Suherone, preparation of (Vogel), 2032. 
Substance, O 9 H 15 O 3 N, from potassium 
cyanide and niethylmesityl oxide 
(Baedhan), 2615. 

CgoHg OyNg, from o*nitrobenzyl 
chloride and ethyl acetoacetate 
(Keemace and Slatee), 36. 
CggH^.O^, from the action of per- 
benzoic acid on deoxytrimethyl- 
brazilone (Pbekin, RIt, and 
Robinson), 1509. 

C 27 H 18 O 2 . from 2 -hydroxy-a-naphth- 
aldehyde and ^-phenylacetylaceto- 
phenone (Lovett and Robeets), 
1979. 

C«H« 0 , from reduction of campno- 
spermonyl methyl ether (Jones and 
SiiiTH)^ 69. 

^«bH 4802 « from reduction of campno- 
spetmonol (Jones and Smith), 69. 
C.gHsoO, from reduction of campno- 
apermonyl methyl ether (Jones and 
Smith), 69, 

Substitution in aromatic compounds 
(FlObscheim and Holmes), 448, 
453, 1607, 2230 ; (Ingold and 
Rothstein), 1217. 
adjacent (Hodgson and Eeeseaw), 
191. 

Succinic acid, electrometric titration of 
(Ganb and Ingold }, 1598. 

Succinic acid, ^Ztchloro-, ethyl ester, 
rotation dispersion of (Wood and 
Nicholas), 1691. 

Sugars, relation of ring-chain tautomer- 
ism to mutarotarion of (Baeeb), 
1583. 

of the mannose series, structure and 
optical relations of (Haworth and 
Hirst), 1221 . 

‘Sulphinobenzoic acid, and its tri- 
chloride (Price and Smiles), 2858, 
l-Sulphinonaphthalene-S-sulphonie 
aei^ end its sodium salt (Price and 
Smiles), 2373. 

Selphanal» paratdiDr for (Freiman and 
SUGDSK}, 265. 

Sulphotnamides, aromatic, action of 
diezo-salta on (Key and Butt), 2035. 
Sulphones, paxachor for (Freiman and 
, Sugden), 263. 

Sulphur, equilibrium of, with its mono- 
ohloride (Eammiok and Zvegint- 
zov), 1785. 


Sulphur, liquid, inner equilibrium in 
(Hammice, Cousins, and Lang- 
POED), 797. 

phosphorescent combustion of (Eme- 
L&us), 1942. 

reaction of acetylene on, up to 650** 
(Peel and Robinson), 2068. 
determination of, in iron sulphides 
(Robinson, Sayce, and Steven- 
son;, 813. 

Sulphur dioxide, poisoning of catalytic 
platinum by atisenlc in oxidation of 
(Kaxted and Dunsbt), 1600. 

Syringoylacetic acid, ethyl ester 
(Bradley and Robinson), 1554. 

Systems, symmetrical triad, mobility of 
(Shoppee), 2567. 


T. 

Tartaric acid, esters, and their deriv- 
atives, anomalous rotatory dispersion 
of (Wood and Nicholas), 1671. 
butyl and. propyl esters, rotatory dis- 
persion ot (Austin), 1831. 
triethyleneaminenickel salt (Buce- 
NALL and Wardlaw), 2741. 
rotatory dispersion of derivatives of 
(Austin), 1825, 1881. 

Tautomerism, mechanism of, and its 
effect on mobility and equilibrium 
(Baker), 1583, 1979. 
five-carbon intra-annular (Gfoss), 
1306. 

mobile-anion (Burton and Ingqld), 
904; (Burton), 1660. 
mobile hydrogen (Shoppee), 1662. 

and ling-chain (Shoppee), 2360. 
ring-chain, and mutaxotation of sugars 
(Baeeb), 1583. 

ring-chain valency and mobile- 
hydrogen (Ingold and Shoppee), 
365, 1868. 

three-carbon (Burton and Inoold), 
904 ; (Diokins, Hugh, and Kon), 
1630 ; (Goldberg and Linstead), 
2343; (Abbott, Ron, and Sat- 
ghell), 2514. 

cycZoTelluripentane dibromide, dv 
chloride, diiodide, and dioxide (Mor- 
gan and Burgess), 325. 

Tellurium dioxide, reaction of hydrogen 
chloride with (Parker and Robin- 
son), 2853. 

Tellurium organic compounds, quadri- 
valent, molecular structure of 
(Lowry, Goldstein, and Gilbert), 
307. 

Tellnrylium compounds (Drew), 506. 

cycZoTelluropeutane (Morgan and 
Burgess), 321. 
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tfj^cZoTeUnropentaaie, molecute coeffi- 
cients and extinction coefficients of 
derivatives of (Gilbbkt and Lowbt), 
2658. 

Tereplitlialic acid, d-^oetyl hydrogen 
ester (Rule, Hay, Numbebs, and 
Pateeson), 182. 

Terpenes, cyclic, oxidation of, ^ with 
Be.:kmann’s chromic add mixture 
(Henry and Paget), 70. 

Tetra-aeetylglneose, anilides of, and 
their mutarotation (Baesr), 1589. 

»-0-T«tra-acetyi-i8-glncosidoxy-4-acet- 
oxyacetophenone (Robertson and 
Robinson), 1466. 

a)-^Tetra-acetyl-8-glaeosidozy-4- 
benzoylozyaoetQ]|^enone (Robertson 
and Robinson), 1466. 

S-O-Tetra-acetyl-B-glncosidoxy-? - 
hydroxy-5-ben2oyloxy-4'-aoetoxy- 
flavylium chloride (Robertson and 
Robinson), 1467. 

ar-G-Tetra-aeetyl-i3-glncoflidoxy-4- 
meihoxyacetophenone (Robertson 
and Robinson), 1467. 

2:3:4:8-Tetra-aoetyl iS-^sopropylgluco* 
side (Hiceinbottom), 3146. 

Tetrabemsyhilieane, preparation of 
(Steele and Kipping), 1431. 

Tetraearboxylio acids, ffibromo-, esters, 
action of sodium ethyl malonate, 
sodium ethyl ethanetetecarboxylate 
and similar substances on (Lennon 
and Perkin), 1518; 

Tetraethylpiperoziaium salts (GtOUGH 
and King), 2438. 

Tetrahydrobenzarsazinephenarsazines, 
dibromo-, d^chloro-, and <2uodo- 
(Gibson and Johnson), 2211. 

Tetrahydrocarbazole, derivatives of 
(Plant and Rosser), 2454. 

Tetrahydrocarbazole, 6-chloro-, and 6- 
chloronitro-, and their acetyl and 
benzoyl derivatives (Plant and 
Rosser), 2462. 

Tetrahydrocarbazcle-S-earboxylic add, 
6-chloro-, and 6-chloro-5(or 7)-nitro-, 
ethyl esters (Plant and Rosser), 
2463. 

l-(9'-Tetrshydrocarbazyl}cydopentaiie- 
l-carbozylic acid (Plant and Eippon), 
1910. 

3:4:5 :6-Tetrahydro-4-carbolme { AsHLEY 
and Robinson), 1376. 

2:3:4:5-T6trahydroheptindole, and its 
picrate, and 7-biomo- (Perkin and 
Plant), 2586, 

Tetrahydronaphthaearbazoles, and their 
derivatives (Oakeshott and Plant), 
1840. 

Tetrahydrongaiol, reduction of (Mc- 
Dowall), 1330, 


Tetrahydxopentmdole, and its deriv- 
atives (Plant and Rippon), 1911. 
condensation of, with cyeZopentanone 
cyanohydrin (Plant and Rippon), 
1906. 

l-(8'-TetPahydropentindyl)-l-cyano* 
cyc^entane, and its derivatives 
(Plant and Rippon), 1912. 

l:4:5:6-Tetrahydropyrimidine-2*tliio- 
glycollic acid, ethyl ester (Stephen 
and Wilson), 1420. 

Tetrakisethylenethiocarbamidopal- 
ladons salts (Morgan and Burstall), 
164. 

6:7:3':4'-T8traiaethoxy-l-benzyl-8:4- 
dihydrotsoqninolind, 2-nitro-, and its 
salts (Gtilland and Haworth), 1836. 

6:7:3':4^-Ietrametho^-l'bei^l-2- 

am^-, and its ^ dihy^ochloride 
(Ghlland and Haworth), 1836. 

6;7;8';4'-Tetramethoxy-9-xnethyl-2'- 
carbo]nethozy'3:4-dihydroprotopapa- 
verine (Koepfli and Perkin), 2999. 

3:4:5:8*Xetrametlu>zyphenanthr6ne, and 
its picrate and 9-carbQxylic acid 
(Gulland and Virdbn), 1486. 

2:3:5:6-Tetram6thozyphenanthrene-8- 
carboxylic acid (Barger and Silber- 
sghmidt), 2922. 

7:8:2':5^-Tetramethoxy-3-phenyl- 
carbostyril (Gullanb and Yxbdbn), 
1484. 

3;4:2':d''-Tetramethoxy-a-ph6ztyleinna- 
mio acids, 2-amincK and 2-nitro-, 
isomeric (Gulland and Tirdbn), 
1482. 

2;3: SzS-Tetramethoxy-S-vinylphenanth- 
rene (Barger and Silbbrsghhidt), 
2922, 

^i33^3'-T6tramethyladipic acid, synthesis 
of (Vogel), 2010. 

^^-Tetxamethyldiaminodiphenylfgly- 
ozalmyl-4(5)-]metliane (Hubball and 
Pyman), 26. 

Tetramethylammonium molybdenyl 
^c^mchloride (Janes and Wardlaw), 
2738. 

iSiSyT-Tetramethylbutane-oS- dioarboxy- 
lie acid, monoamide and ethyl ester 
of (Vogel), 2019. 

1 ’.6; l':3'-Xetramethyl-i|'-cyaiiiae iodide 
(Hamer), 211. 

Xetramethylglneose, action of catalysts 
in mutarotation of anilides of { Baker), 
1979. 

oaiBjS-Tetramethylglutario acid, 
<2ihydroxy-, methyl hydrogen ester, 
lactone (Ingold and Shopper), 406* 

aaSjB-Xetramethylglutaxic anhydride 
and imide (Ingold and Shopper); 
396. 
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I:3:3:I'-Tetram6thyliiLdotp-e7aiuiie 
iodide (Hajob), 214. 

2:2:3:3"Tetrametliyloyc2op6iLtaiLedioiie, 
lil-dzbromo-, lil-i^febloro-, and 1 - 
chloro-l-bromo- (Ingold and Shop- 
pes), 409. 

8:3:4:4-Ietrainetliylo?/o7opentane-l*.2- 
dione, derivatives of (Ingold and 
Shoppee), 896. 

2:2:8; S-Tet]rametliyl-[0,l,2]-eficycZo- 
pexitaii-4-ol-5-one, and l^bromo-, and 
1 -ohloro-, and their derivatives, and 
l^cyano* (Ingold and Shoppbe), 
886 . 

2:2:8:3-T6train6tliylcycZopentanoxid, and 
its derivatives (Ingold and Shoppee), 
897. 

2:2:3:3-TetrametlLylcy<;ZopeiLtan-5(or 1)- 
one, l(or 5)-hydroxy-, taatomerism 
of, and its derivatives (Shoppee), 
1662. 

3:8:4;4-Tetramdthylei/o2opentanone, and 
its derivatives (Ingold and Shoppee), 
390. 

3:3:4;4-TetraiiiethylcycZop6ntanon6, dU 
Ijromo- (Shoppee), 2863. 

2:2:8:8-Tetraxa6tlLyley&Zopentanoae- 
oxime, 5-hydrozy-, acetyl derivative 
(Ingold and Shoppfe), 1871. 

Tetramethylcyri^^en^lamines, and 
hydroxy-, and their salts and acetyl 
derivatives (Ingold and Shoppes), 
392, 398. 

Tetraphenylmethane-S-caTboxylic acid, 
6-bromo-4-hydroxy-, 4-hydroxy-, and 
its acetyl derivative, and 5.nitro-4- 
hydroxy-(Bo 7 D and Habdy), 634. 

Tetraphenylstannane, preparation of 
(Kipping), 2367. 

!nLalliiini compounds, use of, in organic 
chemistxy (Menzies and Kieser), 
186. 

Thallium salts, molecular strnctnre of 
(Berry and Lowry), 1748. 

Thallinm ^riiodide, stracture of, and its 
derivatives (Berry, Lowry, and 
Goldstein), 1748. 

Thallinm organic eomponnds with poly- 
hydxoxy-eompoonds (Menzies and 
SJESER), 186. 

Ihallinm alkyl halides (Berry, 
Lowry, and Gilbert), 1767. 
Thallinm dialkyls, and their chelate 
oompoimds with aldehydes and 
ketones (Menzies, Sidgwick, Out- 
UFFE, and Fox), 1288. 

ThehenlB^ oonstitntion of (Gulland 
and ViRDBN), 921. 

Thiasole derivatives (Stephen and 
Wilson), 1415. 

Thieearboiuo aeidg. See Carbonic acid 
under Carbon. 


Thiocyanic acid, complex molybdenum 
salts of (James and Wardlaw), 
2726, 

aromatic esters, nitro- and nitro- 
halogeno-derivatives (Challenger 
and Peters), 1364. 

Thiophen, production of, from acetylene 
and carbon disulphide (Briscoe, 
Peel, and Robinson), 2857. 

Thioxanthone dioxide, hydroxy-deriv- 
atives, and their derivatives (Price 
and Smiles), 3154. 

Thorium dioxide, mixed catalysts of 
ceria and (Goggs), 2667. 

Thymolaldehydes, synthesis of (Bell and 
Henry), 2219. 

Thymoqninone disemicarhazone (Henry 
and Paget), 80. 

Thymylcarvacrylaeetonitrile, and its 
diacetyl derivative (Bell and Henry), 
2224. 

Tin alloys with sodium (Humb-Roth- 
bry), 947. 

Tini- 

Stannic oxide, interaction of acids 
and neutral salts with (Ghosh), 
3027. 

Tin organic compounds, optically active 
(Kipping), 2366. 

Titanium ^rtmhloride, oGCuirenoe of, in 
commercial dlsilicon hexachloride 
(Kipping and Thompson), 1377. 

Tolidines, dinitro-, isomerism of (Le 
F hvRE and Turner), 963. 

Toluene, 3-biomo-5-iodo-, and 8-chloro- 
5-iodo- (McAlister and Kenner), 
1914. 

halogeno- and nitro-derivatives, cata- 
l^c oxidation of, by means of 
air (Maxted and Bunsby), 
1439. 

Toluenes, substituted, determination of 
isomeric nitro-derivatives of (FlUk- 
soBBiM and Holmes), 448. 

6-p-Toluen6azo-2:4rMs^nchloromethyl- 
l:3-bensdioxm (Chattaway and Cal- 
VET), 1092. 

jp-Tolueneselenlnic acid, 2-nitro- (Chal- 
lenger and Peters), 1869. 

Toluenesulphonic acid, esters, use of, 
in i^thesis of malonic esters (Pea- 
cock and Tha), 2303. 

T61uen6-2»-sul^Qnic acid, ammonium 
salt and jS-carbethoxyethyl, 
chloToethyl, 3 -cyanoethyl, and 7 - 
imino- 7 -ethoxypropyl esters of, 
and tbeir properl ies and reactions 
(Clemo and Watson), 723. 
ethyl ester (Frbiman and Sugden), 
267. 

^-phenoxyethyl ester (Peacock and 
Tha), 2305. 
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ToluexiesTilphonic acids, iodo-, and their 
derivatives (Barber and Smiles), 
1144. ' 

p-Tolnenesnlphonyl chloride, paraehor 
for (Frbiman and Sugdbn), 267. 
m-Tolnic acid, a-cMoro-, ethyl ester 
(Titlet), 2582. 

p-Tolnic acid, and <o<o'-di~ 

bromo-, ethyl esters (Titlbt), 
2581. 

6-nitro-5-hydroxy- (Chattawat and 
Calvbt), 1094. 

Tolnic acids, d-3-octyl esters (Rttle, 
Hay, Numbers, and Paterson), 183. 
23-TolTddine, compound of bensoylaceto- 
nitrile and, and its derivatives 
(Krishnamurti), 416. 
X-Toluidino-l-cyanocycZohezaaes (Betts 
and Plant), 2071. 
l-ToluidinocycZohexane-l-carboxylic 
acids, and their amides (Betts and 
Plant), 2071. 

9W-ToltLoyl chloride, tt<ohloro« (Title y), 
2582. 

jj-Toluoyl bromide, ot-hEqimo- (Titlby), 
2581. 

o-«i-Tolylallyl alcobo^^nd its jp^^tro- 
benzoate (Burton), 1666. 
a-^-Tolylallyl alcohcd, and its deriva'^ves 
(Burton and Ikoold), 915. 
s-o-Tolyl-w-heptylthiocarhamide, and its 
bexahromide, and 5'-bromo- (Hunter 
and Styles), 8026, 

O'Tclylmeibyltldociarll^^ and their 
bromides (Huinafet \ and StyIiEs), 
S024. * ' 

s-o-Tolyl-n-proK>Khioc^haxiiide, and 5- 
bromo- (Hunter and Styles), 3026. 
i?-Tolylstibinic acid (Goddard and 
Yarsley), 721. 

Tdylthymylaeetio acid, and its deriv- 
atives (Bell and Henry), 2225. 
ITransmntatioiL, experiments on 
(Friend), 1821. 

O-Triacetylbraailone (Perkin, R^y, 
Bobinsqn), 1513. 

Triaectyldeinetkyipyropseudaeonitine 

(Shab m^ S. 

3:4:6-TriaOTP[ )5-«tliylglucoside (Hick- 
inbottom), 8145. 

Triacetylethyipsendaconine (Share), 
8102. 

3;4;6-Triacetyl glucose l;2-anhydride, 
and^its §lucosides (Hiokinbottom), 

3:4:6-1^etyl-2-methyl jS-ethylglncos- 
ide (Hicrinbottom), 8145. 
TriacetylmEthylpseudaconine (Sharp), 
3i02. 

Triasoles (Brady and Reynolds), 193, 
U-^bexLioyibrazilone (Perkin, RAy, 
and Robinson), 1513. 


9:9:10-Tribenzyl-9; lO-dihydroanthranol 
(Barnett and Cook), 671. 

Tribenzylsilicyl oxide, preparation of 
(Steeue and Kipping), 1431. 

Tribenzylstannic iodide (Kipping), 
2367. 

Tricarvacrylmethane, and its acetyl 
derivative (Bell and Henry), 2223. 

Triethylenediaminenickel chloride, at- 
tempted resolution of (Buoknall and 
Wardlaw), 2739. 

Triethyltelluronium iodide ((Gilbert 
and Lowry), 3184. 

3:4:5-TrunethoxyacetopheRO&e^- «-hydr- 
oxy-, and its benzoyl derivative 
(Bradley and Eobin^), 1550. 

a>:3:5-Trimetb9xyac«NF9£iCnon^ and its 
semicarbazone (Robertson, Robin- 
son, and Sugiura), 1635. 

<»:3:5-TriimetiiQaqracetopheno&6, 4-hydr- 
oxy- (Bradley and Robinson), 1567. 

dZ-3:4:6-Trim6thoxyaporphixLe(GuLLANB 
apjd' H aworth), 2086. 

S^-Trimethoxybenzoylacetoxyaeetio 
acid, ethyl ester (Bradley and 
Robinson), 1550. 

2':4'.6'-Trimethoxybenzoyl-o-benzQic 
acid (Lund), 1574. 

acetic acid, ethyl ester (Bradley • 
and Robinson), 1549. 

6:8':4'-Triinethoxy-l-benzoyI-S:4-di- 
hydro^so^uixioliiie, 2'-nitro- (6ul- 
land and Haworth), 2086. 

6:3'':-4^-TrhBe^oxy-l-beiisyl‘’8:4-di- 
hydzofsoqxuxicliBe, 2'-nitro-, and its 
salts (Gulland and Haworth), 2085. 

6;3':4'-Trimethoxy-l-benzylia«ie-2- 
methyltetrahjdroisoqiiiiLoline, 2'- 
nitro- (Gulland and Haworth), 
2085. 

6:3':4'-Tri2nethoxy-l-benzyl-2-methyl- 
tetrahydiotsoqninoline, 2'-amino-, 
and its dihydrochloride (Gulland 
and Haworth), 2086. 

3:4:8-Trim8thoxy-5-cyaiiophexiantlirene 
(Gulland aud Virdbn), 927. 

3:4:8-Trim6thoxy-5-6thylpheuaiLt]ir6ne 
(Gulland and Vibdbn), 983. 

3:4;8-XriniBthoxy-6-ethyiphenaatlireiie- 
9-cazhoxyHc acid (Gulland and 
Yirden), 933. 

5:7:4'-Trimetliox3wflaYone, and its 
2-carboxy!ic acid (Baker and Robin- 
son), 8117. 

3:3':5'-TrimethoxyflaYylittm chloride, 
7:5-dihy(irozy-, and its 5-benzoyl 
derivative (Robertson, Robin- 
son, and Sugiura), 1536. 

5:7:4'-inhydroxy-, sndits5.beBzoyl 
derivative (Bradley and Robin- 
son), 1567. 
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S':4':6'-Triinetlioxyflavyliiim chloride, 
3:5:7-i^^hydroxy- (Beadley and 

Robinson), 1551. 

8;4:8-Trimetliozyplie&aEthrene-5-carb- 
ozylic acid, derivatives of (Gtjlland 
and Vied bn), P26. 

3:4:5-Trmethozyplieiiylglyozal di- 
phenylhydrazone (Beadley and 

Robinson), 1551. 

S':4':6^-Trimetliozyp3ienylplitlialide 
(Lund), 1573, 

6:7:4 -Tri2ttetIio£y-2-ityrylisoflavotte 
. (Bakee and Robinson), 3116. 

6:7;4'“Triinetlxozy-2-8tjTyl-6-ittethyltso- 
fiaTone (Baser and Robinson), 3117. 

Tirl-4-in,ethozytripli6nyl8eIenoniTim salts 
(Morgan and BtmsTALL), 3265. 

Trimethylal^IaiBinoxdiiib. hydroxides, 
decomposition of (Ingold and Vass), 
3126. 

Trimethylamixie, velocity of ruction of, 
with wi- and y-nitrobenzyl chlorides 
(Noerish and Smith), 180. 

Triethylamme-8i8'j3''-triarsinic acid, 
and its salts (Gough and King), 2434. 

l:3:4-Triinethyl-5:6-benz-4-carholininm 
methyl sulphate (Kermace and 
Slater), 796. 

O'Trimethylbrasilane. See Bihydro- 
deox> trimethy Ibrazalone. 

Trimethylbrazilonc, and its reduction 
product (PEBsaN, RAy, and Robin- 
son), 1510. 

l:l':6-(or l:l':8')-WBiethyl-T(f-oyanine 
iodide (Hauer), 211. 

rivatives (jR^in, EIy,’ and Robin- 
son), 1611. 

Trimethylene glycol di-p-tolnenesulph- 
onate (Gough and King), 2446. 

Tximethyl y-frnctose, and its osazone 
(Haworth and Learner), 623. 

ttaj8-Trimethylglutaricacid,a'-hydroxy-, 
lactone (Bakdhan), 2620. 

Tiimethyl innlin (Haworth and 
Learner), 622. 

oaiS-TrimethyMsevulic acid, and its 
derivatives (Babdhan), 2813. 

2:3:4rTriniethyl-lyzonic acid, phenyl- 
hydrazide (Hirst and Smith), 3153. 

Tnmeihyl-3-lyzonolaetoiie (Hirst and 
Smith), 3152. 

Trimetkyl lyzose (Hirst and Smith), 
8151. 

Trlmethyl methyMyzoside (Hirst and 
Smith), 3150. 

aajS-Trimethyl-A^-pentenmc acid, and 
its derivatives (Bardhan), 2615. 

jLVi\f^-Tri]](mth.yi-2-pheiiylnaphthalene- 
l:3-diamine, and ita acetyl derivative 
(OiBsoNy Kentish, and Siuonssn), 
2141. 


2:2:6-Trimeihylpiperidine, and its salts 
(Gough and King), 2444. 

7-2:2 B-Trimethylpipcridinopropyl- 
arsinic acid, and 7-4-hydroxy- (Gough 
and Kino), 2444. 

Trimethylplatinnm aeetylaeetone 
(Menzies), 565. 

Trimethylsueeinic acid, preparation of 
(Bardhan), 2611. 

a- and jS-2:3:7-Trimethyl-l:2:8i4-tetra- 
hydroi^Tiinozalines, resolution of, and 
their salts and derivatives (Gibson, 
Nutland, and Simonsbn), 108. 

d- and 2-i3-S 3:7-TrimethyM:2:3s4-tetra- 
hydroquinozalino-l-methylene- 
camphor (Gibson, Jutland, and 
Simonsbn), 114. 

2:2':8-Trimetbylthioearboeyanin6 iodide 
(Hamer), 3162. 

Trimethyltriphenylselenonium oxide 
and salts, «nhroiuoinhydroxy- and 
^nhydroxy- (Morgan and Bubstall), 
3266. 

aai8-Trimethyl-»-valeric acid, j3- 
hydroxy-, ethyl ester (Babdhan), 
2615. 

Trimethyl 7-zylonolaetone, and its 
phenylhydrazide (Haworth and 
Porter), 617. 

Triolein, heating of, with snlphur 
(Knight and Btambergbr), 2791. 

Trional, parachor for (Feeiman and 
SUGDEN), 265. 

Triphenozselenylium dibisulphate, 
sulphuric acid dihydrate (Drew), 523. 

Triphenylhenzylstannane (Kipping), 

2368. 

Triphenyl-?t-hntyl8tai|mane (Kipping), 
2370, 

Triphenylcarhinol-2:2^'*dicarhozylie 
acid, lactonic acid of (Cook), 64. 

Triphenylmethyl, photodecomposition 
of (Bowden and Jones), 1149, 

tolyl Lter (Boyd and Hardy), 636^ 

Triphenylselenonium oxide and salts, 
irtbromo^ratbydroxy-, irihydroxy- and 
<n-2;4-dibydroxy- (SIoegan and 
Burstall), 3264. \ 

Triphenyl-o-tolyl8tannaneV^#ii?^tNG), 
2869. ■ 

Tiisethylenethiocarbamido^iHei^cnric 
nitrate (Morgan and Burstall), 
154. 

Trithymylmethane, and its acetyl 
derivative (Bell and HeNhy), 2223. 

Tri-m-tolylstannio chloride (Kipping), 

2369. 

Tri-p-tolylstibine, ^n-m•am^uo-, tri-m- 
iodo- at d ^n-w-nitro-, and its oxide 
and dinitrate (€k)DDARD tod Yars- 
let), 722. 
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Tritolyltolylstannanes (Kipping), 2369. 

Truzinic acid, synthesis of (Yogel), 

1021 . 

Trypanocidal action and chemical 
constitution (Gough and King), 2426, 

Ttmgsten, surface oxidation of (Ban- 
NISTSH), 8163. 

Turpentine, Indian, constituents of, 
from Pinus ImigifoUa (Pillay and 
Simonssn), 359. 

U. 

TTnsatnrated compounds, catalytic hy- 
di'ogenation (Lebedev and Yahub- 
CHIk), 823, 2190. 

homocyolic, chemistry of polycyclic 
compounds in relation to isomeric 
(Goss), 1306. 

Urocanic acid, ethyl ester, picrate 
(Hubball and Ptman), 26. 


V. 

Valency (Lowbt, Goldstein, and 
Gilbbet), 307 ; (Berry and 
Lowry), 1748 ; (Gilbert and 
Lowry), 1997, 2658, 3179. 
hypothesis of dedexion of (Ingold 
and Thorpe), 1818. 

Vapour pressure, influence of glass on 
(RxnsbX 1442. 

Veloeity of reaction, activity theory of 
(Wynkb-Jones), 1280. 
equation for (Soper), 1238. 
bimolecular, coeficient for (Norrise 
and Smith), 129. 

Veratroyhnethylpsendaeonine, and its 
acetyl derivatives and salts (Sharp), 
4100. 

iS-Veratiylbutyric acid, and 6-bromo- 
(Koeffli and Perkin), 2996. 

jS-Veratrylcrotonic acid, and its ethyl 
ester (Koepfli and Perkin), 2995. 


W. 

Walden inversion (Bgrdam), 2447. 


Xanthone, 2:4:5: 7-^£rGnitro-, and 2:7- 
dibromo-4:6-d»Eitro- (Lb FisvRB), 
3251. 

Xanthones, halogenonitro- and nitro-, 
action of piperidine with (Le FhVRE), 
3249. 

o-Xylenes, di- and iri-chloro-, ^fachloro- 
amino-, and dichloronitro- (Hinkel, 
Ayling, and Bevan), 1874. 

p-Xylene, «-bromo- and «-chloro-, 
nitration of (Ingold and Both- 
stein), 1278, 

»(1) -bromo-S-nitro- (Ingold and 
Kothstbin), 1220. 

o-Xylenols, amino-, chloro-, and cbloro- 
amino-, and their derivatives (Hin- 
kel, Ayling, and Bevan), 2529, 

o-4-Xylidines, dfchloro- (Hinkel, 
Ayling, and Bevan), 1878. 

wi-d-Xylidine, compound of benzoyl- 
acetonitrile and, and its benzoyl 
derivative (Krishnamurti), 416. 

7 -Xylose, derivatives of (Haworth and 
Porter), 611. 

^?-Xylyl bromide, 8-nitro-. See jp-Xylene, 
a(l)-brQmo-3-nitro-, 

^-Xylyl-»-trim 0 thylamnionium picrate, 
3-nitro- (Ingold and Eotestein}, 
1220. 

Z. 

Zinc hyponitrite (Keogi and Nandi), 
1452. 

sulphate, equilibria with sodium 
sulphate and water (CaveN and 
Johnston), 2506. 
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The following index of organic componnds of known empirical formula is arranged 
according to Bichter’s system (see Lexikm d&r 

The elements are given in the order 0, H, O, N, 01, Br, I, F, S, P, and the 
remainder alphabetic^y. 

The componnds are arranged — 

Firstly, in groups accorfing to the number of carbon atoms (thus Ci group, 
^2 groiiPj etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 lY indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecme. 

Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iocddes, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 


Cl Group. 

CQ Carbon monoxide, decomposition of, in the corona discharge (Ott), 1378; 
infiammation of mixtures of air and (Maxwell and Wheeleh), 15; efi^t of 
catalysts on fiame speed, infra-red emission, and ionisation during combustion of 
oxygen and (Gabnse and Johnson), 280. 

OS# Carbon disulphide, ignition of (White), 751. 

1 n 

GEnNf Hydrocyanic acid, and its alleged isomerides (Coates, Hinxsl, and Angel), 
640 ; cuprous salt, action of methyl iodide on (Haetiey), 780. 

CH 3 N 2 Diazomethane, acylation of (Bbadley and Schwaezenbach), 2904 ; action 
of benzoyl chloride with (Beablsy and Bobinson), 1310. 

CH 2 S 3 Trithiooarbonie acid (Mills and Bobinson), 2330; 

CHsSs Tetrathiocarbonic acid, and its ammonium salt (Mills and Bobinson), 
2380. 

CHsI Methyl iodide, action of cuprous oyauide on (Hahtlet), 780. 

GHsSf Methylamiue, action of nitrous acid on (Taylob), 1100. 

GHfiNa Guanidine, and its carbonate, hydrolysis of (Bell), 2074. 

1 m 

GHsONa Oarbohydrazide, reactions of (Mhnbo and Wilson), 1257. 

O3 Group. 

GsHs Acetylene, action of sulphur on, up to 650^ (Peel and Bobinson), 2068. 

2n 

GsHsOs Gljoxal, photochemical decomposition of (I^obbish and Gbifeiths), 
^ 29 . 

C»HA Oxalic acid, complex molybdenum salts of {Sfitiij: and WARnLaw}, 
2742. 
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CaH 402 Acetic acid, inert salt effects in catalysis by, and its salts (Dawsok and 
Key), 1248 ; lead subsalt, and its reactions trith phenols (Gibson and Mat- 
thews), 596 ; magnesium salt, constitution of solutions of (Goode, Bayliss, 
and Rivett), 1960. 

C2H2N2 Etbylenediamine, equilibria of phenols with (Pushin and Sladovich), 
837 . 

2 ni 

CaHOGls Chloral, action of, on phenylhydrazines (Chattaway and Daldy), 2756 ; 
condensations of, with anisic add, j7-nitroanisole, and 2:6-dichloroquinol (Chatt- 
away and Calyet), 2913 ; condensation of, with substituted phenols (Chati'- 
AWAY and Galtbt), 1088. 

G2H20C12 Dichloroacetaldehyde, condensation of phenols with (Chattaway and 
Mobeis), 3241. 

C2H3OGI Acetyl chloride, speed of bromination of (Watson), 1137. 

C 2 H 80 Br Acetyl bromide, speed of bromination of (Watson), 1137. 

Mercuric methyl cyanide (Coates, Hinkbl, and Angel), 642. 

C 2 H 4 O 4 N 8 i3-Hydroxyethylnitrolic acid (Eael, Ellbsworth, Jones, and Xbnnee), 
2701. 

C 2 H 7 O 4 AS iS-Hydroxyethylarsinio acid, and its calcium salt (Gough and King), 
2432. 

2 IV 

C2H2O2CIBP Chlorobromoacetic acid, racemic, resolution of (Backer and Mook), 
2125. 

CaHeOsGlAs jS-Chloroethylarsinic acid (Gough and King), 2434. 

Ca Group. 

C8H4O4 Malonic acid, condensation of c^cZohexanealdehyde and (Sikoab), 54. 

GsHeO Acetone, water catenary in iodination of (Dawson and Key), 543. 

C8H7N Tiimethylamine, velocity of reaction of, with nitrobenzyl chlorides 
(Nobbish and Smith), 130. 

CaHisNs Triaminopropane, complex palladium and platinum salts of (Mann), 
890. 

sni 

CaHaOCi Chloroacetophenone, formation of, from benzoyl chloride (Bradley and 
Scbwabeenbage), 2904. 

CsHeOsN d-Glutamic acid, action of aniline on (Gray), 1264. 

GsHeNaS Ethylenethiocarbamide, complex metallic salts with (Morgan and 
Bartlett), 143., 

CsHedsAs 7-Chloropropyldichloroarsine (Gough and King), 2439. 

CaH70aN ^-Nitropropanol, sodium salt (Earl, Ellesworth, Jones, and Ken- 
ner), 2702. 

CsHdOaB Methyl boi-ate, preparation and constants of (Etridge and Sugden), 
991. 

C8H9O4AS 7-Hydroxypropylarsinic acid, and its calcium salt (Gough and King), 

2439. 

3 IV 

CsHsONaS 3-Amino-2;4-diketotetrahydrothiazole 2-hydrazone (Stephen and 
Wilson), 1418. 

€3H704SLi Acetone lithium hydrogen sulphate (Friend and Founder), 2248. , 

GaHaOaCIAs y-Chloropropylarsinic add, and its salts (Gough and King^ 

2440. 

CsHioOsNAs y-Aminopropylarsinio acid (Gough and King), 2440. ; ; ^ j 

CsHxiNsClaPt Chlorotriaminopropaneplatinous chloride (Mann), 896, 
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CsHiaNsClsPt DicMoro{triaminopropane-3iydrocliloride) platinum (Mann), 895. 

CsHiaNaClsPd Dicliloro(triammopropane- 7 -liydrocliloride) palladium (Mann), 
897. 

3V 

CsHaOaNsSaMo Dihydrogen molybdenum dioxytrithiocyanate, and its salts 
(James and Wardlaw), 2732. 

C. Group. 

C 4 H «06 Tartaric acid, triethylenediaminenickel salt (BxrcENALL and Warolaw), 
2741. 

G 4 H 4 S Thiophen, production of, from acetylene and carbon disulphide (Briscoe, 
Peel, and Kobinson), 2857. 

€ 4 H 4 Se Selenophen (Briscoe and Peel), 1741 ; (Briscoe, Peel, and Bobinson), 
2628. 

C 4 H 6 OS Acetic anhydride, physical properties of (Jones), 1193 ; miscibility of 
(Jones and Betts), 1177 ; action of bromine on (Watson and Roberts), 
2779. 

C 4 H 6 O 4 Acetyl peroxide, decomposition of (Walker), 2040. 

C 4 He 06 Malic acid, optical activity of, in presence of sodium molybdate 
(Patterson and Buchanan), 3006. 

C 4 H 6 Br 2 Butadiene dibromides, isomeric (Parmer, Lawrence, and Thorpe), 
729. 

G 4 H 8 O 3 Ethyl acetate, catalysis by hydrochloric acid of hydrolysis of (Dawson 
and Lowson), 2146. 

G 4 H 10 O Ethyl ether, action of disilicon hexachloride on (Kipping and Thomp- 
son), 1989. 

G 4 H 18 N 2 j 8 -Methyltrimethylenediamine, complex platinum salts of (Mann), 
1261. 

G 4 Cl 4 Se Tetraehloroselenophen (Briscoe and Peel), 1747. 

G 4 BP 4 S 6 Tetrabromoselenophen (Briscoe and Peel), 1746. 

4in 

G 4 H 4 ONS Glyoxaline-4(5)-formaldehyde, and its salts (Hubball and Fyman), 21. 

G 4 H 4 OI 4 S aSjSjS'-Tetraohlorodiethyl sulphide (Mumforb and Phillips), 160. 

G 4 H 4 CI 6 S aai3)3iSi3'-Hexachlorodiethyl sulphide (Mumfobd and Phillips), 160. 

G 4 H 5 ON 8 Glyoxalm6-4(5)-formaldoxim6 (Hubball and Ptman), 25. 

GiHrCIsS ajSlS'-Trichlorodiethyl sulphide (Mumford and Phillips), 160. 

C 4 H 6 O 8 S 8 l:3-Dithiolan-2-carboxylio acid (Chiyers and Smiles), 700. 

G 4 H 7 ON Aoetoneeyanohydrin, preparation of (Welch and Clemo), 2629. 

C 4 H 8 O 2 SB Ditihiaa monoxide, end its salts (Bbll and Bknnzti), 90. 

C<H,O.S. Dithian dioxides, and their salts (Bell and Bennett], 88 . 

G 4 H 8 GI 8 S jS^'-Dichlorodiethyl sulphide, dilorination of (Mumford and Phil- 
lips), 166. 

C 4 HxoOsGu Cnpiie ethoxide (Doan and Packer), 2768. 

C 4 HioOsTe DiethylteUurone (Gilbert and Lowrt), 3182. 

CJBLiifiliTB Diethyltelluroninm dichlorides (Gilbert and Lowry), 3183. 

C 4 HxoBrfiT 6 Diethyltelluronium dlbromides (Gilbert and Lowry), 3183, 

C 4 Hi 8 ltTe Diethyltelluronium dModides (Gilbert and Lowry), 3185. 

G 4 Hi 8 l 4 Te a-Dmthyltelluronium a-tetraiodide (Gilbert and Lowry), 3181. 

4 IV 

G 4 H 808 N' 4 S 2:4-Diketotetiahydrothiazole 2 -semicarbazone (Stephen and Wil^ 
son), 1421. 
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CAOjBPjS, l:3-Dithiolan-2-<»rboxylie acid dibromlasi ronivaEs and Smiles). 
l:3-DithioIan-2-carbozyHc add dl-iodide (Chitsbs and 

700. 

C4HftON4S 3-Amiiio*2:4-diketo-5-metbyltetrali7drothiazole 2-bydrazone (Stephen 
aii<J Wilson), 1418. 

C4H1SO3NAS iS-Dimethylaminoetbylaisinic add, and its bydrocbloiide (Gough 
and &NO}, 2435. 

4V 

C4H12ONGI4M0 Tetrametbylammonium molybdenyl tetracbloride (Jahes and 
Wabdlaw), 2738. 


Cs Group. 

CgHg Isoprene, hydrogenation of (Lebedev and Yaeubchie), 828. 

511 

G 3 H 5 N Pyridine, nuclear fission of (Shaw and Wilkie), 1377 ; inhibition of 
esterification by (Bailey), 1204; additive compound of pbospboryl chloride 
and (Boyd and Ladhahs), 218. 

C5H8O2 iS-Methylbntyrolactone, and its silver salt (Sibcab), 901. 

C5H10O Dimethyltrimetbyleue oxiiies (Bennett and Philip), 1938. 

C5H10O5 Lyzose, structure of (Hirst and Smith), 3147. 

C5H10T6 (^doTelluropentane (Morgan and Burgess), 327. 

CAiN. Piperidine, interaction of, with derivatives of zanthone and diphenylene 
oxide (Le FIsvbe), 3249. 

CsHjsO Methyl sec. -butyl ether (Bennett and Philip), 1931. 

5III 

CsHeONs . Hethylglyoxalineformaldehydes, salts of (Hubball did Pyman), 27, 
28. 

GsHe02N8 5-Carboxy-l‘inethylgIyoxaline, piorate of (Hubball and Pyman), 28. 

GsHtONs 01yozaline-4(5)-formaldehyd6 semicarhazone (Hubball and Pyman), 25. 

CsHtOsMO Molybdenyl aoetylacetone (Morgan and Castell), 3255. 

GsHsONa l-Methyl-5-hydroxymethy!glyozaline, picrate of (Hubball and Pyman), 
28. 

CaHsO^Ss l:3-Dithiah-2-carhoxylic acid (Chiyebs and Smiles), 701. 

CsHxoOsTe eycZoTeUnripentane l:l-dioxide (Morgan and Burgess), 327. 

GsHioGIsTe oyelbTelluripentane Iri-dichloride (Morgan and Burgess), 325. 

GfiHioBFsTe cye2oTeEuripentane l:l-dibromide (Morgan and Burgess), 326. 

CfiHioIsTe eyefoTellnripentane l:l-di-iodide (Morgan and Burgess), 328. 

C^HisON y-Amino-^-hydrosy-iS-methylbutane, and its salts (Read and Reid), 
1491. 

5 IV 

GsH^OsSsIs Di-iodo-l:3-dithian-2-carboxylic acid (Chivers and Smiles); 701. 

CsHjoONCI a-Ohloro-y-imino-7-ethoxypropane, hydrochloride of (Clemo and 
Watson), 729. 

G5HX0ON4S 8-Amino-2:4-diketo-5-ethyltetrahydrothiazole 2-hy6razone (Stephen 
and Wilson), 1419. 

C5H14O3NAS 7-BimethylaminopTopylarsinic acid, and its hydrochloride (Gough 
and King), 2441. , 

C5H15O3NAS8 : Methyldiethylamine-HiS'-diar&inic add (Gough and King), , 241^ 
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j'OX^MULA 

^ sv 

n TT /\w o ’Mw-^niydrogen molybdenyl pentathiocyanate, salts of (James aud 
2736. 

^^uOsNClAs i8*Dimetliylaminoetliylarsinic acid methochloride (Goitgh and 
Kino), 2435. 


C. Group. 

C.H, Benzene, velocity measurements in relation to substitution in (Bbads'ield 
and Jones), 8073. 

CgHii ?i-Hexane, oxidation of (Bbunnbe and Ridbal), 1162, 282i. 

6 II 

C.H,N Aniline, action of (2-glutamic acid with. (Gray), 1264. 

GeHgOe Propane-aay-tricarboxylic acid (Lbnkon and Pebein), 1524. 

CgHioO Hesityl oxide, catalysis in iodination of (Dawson and Key), 2154. 
CgHioOg /S-Ethylbutyrolactone, and its silver salt (Sibcab), 901. 

)3-Metbylvalerolactone, and its silver salt (Sibcab), 902. 

CgHioOg Ethyl acetoacetate, condensations witk (Fbanblin and Shobt), 591 ; 
condensation of ketones with (Jubp, Kon, and Locbton), 163$ ; reactions of, 
with distyryl ketones (Hbilbbon and Hill), 2863. 

CgHisOs n-Butoxyacetic acid (Rule, Hay, and Paul), 1356. 

CgHigOg Galactose, mutarotation of (Smith and Lowby), 666 

6 III 

CeHaOioNg Pentanitroaniline (FLfinsoHEiM and Holmes), 3041. 

CgHaOsGU Parachlorals (Chattaway and Eellett), 2711. 

GsHaNgFo Hydroferricyanic acid, potassium salt, solubility of, in water (Fbisnd 
and Smibles), 2242. 

CgHgOgOla 2:6-DichloroquiQol, condensation of chloral with (Chattaway and 
Calvet), 2913. 

CiHAN. 2:4:6-Trinitro-5-aminoresorcinQl (Flubsceeim and Holmes), 3044. 
CgHaClF ^-Fluorochlorobenzene, nitration of (Ingold and Vass), 2265. 
CsHsBrMsr Hagnesium phenyl bromide, action of, on methyl . o-cyanplsenzoate 
(Boyd and Ladhams), 2089. 

GgHgOgNe 2:4:6-Trinitro-l:3:5-triaminobenzene (FlubsgbeXM and Holmes)^ 
3045. 

CsHgONs l:4-Dimethylglyoxaline-5-formaldehyde, and its picrate (Hubball and 
Pyman), 29, 

GgHsOaNt l;4-Dimethylglyoxalme*5-carboxy}ic acid, and its picrate .(Hubball 
and PymAN), 30. . 

Methyl l-methylglyoxalineoarhoxylates (Hubball and Pyman), 31. 

C.HAT1. Thallium sorbitol (Menzies and Kiebeb), 190. 

GgHtOsTU TrlThallium methylarabinoside (Menzies and Eiessb), 188. 

CgHiiON Methylpentenoic amides (Goldbehg and Linstead), 2855. 

GsHuOtTI Thallous gluconate (Mekzibs and Kiesbb), 189. 

GgHuNCl jS-Ohloroethyldiethylamine, and its salts (Gough and King), 2436. 
GfiHuQgB Ethyl borat», preparation and constants of (Etbidge and SugDen), 
992. 

CgHisITe Triethyltelluronium iodide (Gilbbbt and Lowby), 3184. 

6 IV 

GgHgO^NaF S-Fluoro-2;4:6-tnniti’ophenol (Hodgson and Nixon), 1882. 
GgHsOsNaF Flnorodinitrophenols, and their salts (Hodgson and Nixon), 1881. 
GeHgOsNF Fluioronitrophenols, and their salts (Hodgson and NlxoN), ISSO. 
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C«H50NGl2 2:4-Dichloro-6-ainiiioplienol, hydrochloride of (HtrNTSB. and 
Baenes), 2066, 

CeHsONlt 2:4-DMOdo*6-animophenol, hydrochloride of (Hvi^ter and Bari^zs), 
2068. 

C6H502C1S Chlorobenzene-p-snlphinic acid, and its ammonium salt {Davies and 
Wood), 1126. 

€sfisOeClS 2 Chlorobenzene-2: 4-disulphonic acid, and its potassinm salt (Davies 
and Wood), 1124. 

CsHsOsClSs Ghlorobenzene-2:4 :6-tristilphonic acid, and its potassinm salt (Davies 
and Wood), 1125. 

CeHsNGlF 8-Flnoro*4-chloroaniliDe (Ingold and Yass), 422. 

CcHsNBfI 2-Bromo-4-iodoaniline (Bbadeield, Orton, and Roberts}, 783. 

GtH«ONCl dhloioaminophenols, and their hydrochlorides (Hodgson and Xeb* 
SHAW), 2704. 

GeHsONBF Bromoaminophehols, and their hydrochlorides (Hodgson and Esb* 
SHAw), 2704. 

G«HeONl p-lodo-o-aminophenol, hydrochloride of (Hunter and Barnes), 2067. 
lodoaminophenols, and their hydrochlorides (Hodgson and Kershaw), 2704. 

G6Hfi02NAs 5-Amino-2-hydrosypheuylarsenozide, salts of (Newberv and 
Phillips), 2379. 

GcHeOtNaGl Chloronitrophenylhydrazines (Plant and Rosser), 2461. 

GfiH^OeNAs 4-Nitro-8-hydroxyphenylarainic acid, and its salts (Balaban), 810. 

G8H7O4NS 6-Amino*2:4-bistrichlorom6thyl-l:3-benzdiozin (Ohattaway and 
Coulson), 1090. 

G4H7O6N2AS 2-Nitro-4-amino-3-hydrozyphenylarsinic acid, and its magnesium 
salt (Balaban), 811. 

5-Kitro-4-amino-3-hydrozyphenyiar8inic add (Balaban), 3071. 

G2H15NGI2AS y-Ti-Propylaminopropyldiehloroarsine hydrochloride (Gough and 
Kino}, 2442. 

GeHisOsNAs 7 -n-Fropylammopropylarsmic acid, and its hydrochloride (Gouge 
and King), 2441. 

CeHisOaNASs Tnethylamine-Bi3'i3''-tnarsinic acid, and its salts (Gough and 
J^NG), 2484. 

GsH22NsBr2Pt Bis(triaminopropane)platinons dibromide (Mann), 897. 

CeH22N6l2Pt Bis(tiianiinopropane}platinons di-iodide (Mann), 897. 

G6H24NeGl2Ni Tiiethylenediaminenickel chloride (Buoenall and WardlAw), 
2741. 

6 7 

G6H2O4N2BFI l-BrQmo-8-iodo-4:6-dinitiobenzene (Mayes and Turner), 693. 

CSH2O2NGIF Fluorochloronitrobenzenes (Ingqld and Yass), 422. 

GeH202NBFl l-Bromo-S-iodo<^6*>nitrobenzen6 (Mayes and Turner), 693, 

G«H402N2G11 Chloroiodo-6-nitroaniluies (Bradfisld, Orton, and Roberts), 
784. 

G6H^2N2 BfI Bromoiodo-6-nitroanilines (Bbadfield, Orton, and Roberts), 

G2H4QSNGIS l-Ohloro-2*nitroben2Cne-4-sulphomc acid, and its potassium * salt 
(Davies and Wood), 1125. 

GSH4NCIBFI Ohlorobromoiodoanilines (Bradfield, Orton, and Roberts), 788. 

GfiHsONGlBr Cblorobromoammophenols, and their hydrochlorides (Hunter- | tnd 
Barnes), 2060. - 

GsHsONClI OMoro«6-iodoaminophenols, and their hydrochlorides (Hunter and 
Barnes), 2061, 2066. . 

O2H20NBFI Bromoiodoamlnophenols, and their hydroohlmddea (Hun^IA : 
Barnes), 2062. 
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CoHsOaNsIsAS S-Nitro-i-hydroxy-S-aminophenyldi-iodoarsine, - liydriodide of 
(Newbert and PfiiLLiPs), 2381. 

CaHsOsNOlAs S-Ohloronitrophenylarsinic acids, and their salts (Balabak), 810. 

' C^eONGlaAs 5-Amino-2-hydroxyphenyldichloroarsine, hydrochloride of (New- 
BBRY and Phillips), 2879. 

CgHaONIaAs Aminohydrozyphenyldi-iodoarsines, hydriodides of (Nswbeby and 
Phillips), 2378. 

CaH,ONaGUAs 8!5-Diamino-4-hydroxyphenyldichloroarsine, hydrochloride of 
(Newbery and Phillips), 2877. ... 

C 6 H 702 N 2 l 2 As 8:5-Diamino-4-hydroxyphenyldi-iodoarsine, hydriodide of (New- 
bery and Phillips), 2378. 

C 6 H 704 N 2 G 1 S 2 Chlorobenzene>2:4-disnlphonaniide (Davies and Wood), 112 S* 

GaHiaONdSaASa Ethylenethlocaibamido-argentons oxide, and its salts' (MOhcUn 
and Burstall), 151. 

GeHiaON^SaAUa Ethylenethiocarbamido-anrons oxide, and its salts (MoRaAsr and 
Burstall), 158. 

C 6 H 12 ON 4 S 2 CU 2 Ethylenethiocarbamido-cnprons oxide and its salts (Moroan and 
Bitrstall), 149. 

CeHi 702 NClAs 7 -Diinethylaminopropylarslnic acid methochloride (Gough and 
Kzho), 2441. 

GeHi 804 NClAS 2 Dimefhyldiethylammoninxn chloride jSiS'-diarsmic acid (Gough 
and King), 2435. 

CsH 2 oONaCl 5 Mo Dltrimethylammonium molybdenyl pentachloride (James and 
WARDIA.W), 2737. 

Cj Group. 

C 7 H 5 N Benzonitrile, electrical condnctiyity of nni-nnivalent salts in (Martin), 
3270. 

C 7 H 7 F Benzyl dnoride, preparation and properties of (0. K. and E. H. Ingold), 
2249. , 

C 7 H^ m-Ciesol, iniinence of electrolytes on solubility of, in water (Carter and 
Hardy), 127. 

C 7 H 86 S 5-Methyl^icyc?opentan-3-one-l-carboxylic acid (Goss and Ingold), 1278. 

C 7 H 12 O cyc2oHexanealdehyde, condensation of malonie acid and (Siroar), 54. 

Suberone, preparation of (Yogel), 2032. 

C 7 H 12 O 2 iS'Ethylvalerolactone, and its sliver salt (Sircar), 902. 

^.Methyl-^-ethylbutyrolactone, and its silver salt (Sircar), 901. 

C 7 Hxa 04 Ethyl malonate, sodium salt, action of dibromotetracarboxylic esters on 
(Lennon and Perkin), 1518. 

LfsoPropylsuccinic acid, and its salts (Henry and Paget), 78* 

O 7 H 12 O 5 Dimethyl 7 -zylonolactone (Haworth and Porter), 616. 

C,H„0, ^Amyloxyacetic acid (Rule, Hay, and Paul), 1356. 

7m 

C 7 H 4 O 2 BP 2 Dibiomohydroxybenzaldehydes (Hodgson and Jsnkikson), 2275. ~ 

€r 7 H 40 «N 2 3:5-Dinitrosalicy3aIdehyde (Lovett and Roberts), 1978. 

C 7 H 5 G 0 I Benzoyl dioxide, action of diazomethane with (Bradley and Robin- 
son), 1310. 

C 7 H 6 CII . 3-Ohloro>5-iedotoluene (McAlister and Kenner), 1915. 

C 7 H 2 BPI 3^Bromo-S-iodotoluene (McAlister and Kenner), 1914. 

C 7 H 70 Ns i-Methpxy-l:2:3-bez^triazoIe (Brady and Reynolds), 198. 

l-.Mcthyl-l;2:3-benztiiazole 1 -oxide (Brady and Reynolds), 198. „ 

. Phenylnitibxnethane, constitution .and. substitution of (Flubschnim and 
Holmes), 453. . 
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C 7 H 7 O 8 N j 9 -Nitroaniso]e, condensation of chloral with (Chattaway andCAl/VSST), 
2913. 

G 7 H 8 ON Benzaldosime, miration of (Beady and Millee), 337. 

C 7 H 8 O 8 S Tolnene-j 7 -salphoaic acid, ammonium salt (Clemo and Watsoe), 726. 

C 7 H 8 Br 8 S 6 Phenyl methyl selenide dibromide (Edwaeds, Gaythwaite, Kenyon, 
axrd Phillips), 2300. 

G 7 Hgl 2 S 6 Phenyl methyl selenide di-iodide (Edwaeds, Gaythwaitb, Kenyon, 
and Phillips), 2300. 

G 7 H 2 O 3 N 5 MethykZzcycZopentan-S-ohe-l-carboxylic acid oxime (Goss and In- 
60iJ>), 1273. 

CyHjOjSh j^-Tolylstibinlc acid (Goddaed and Yaesley), 721. 

GtHioNjS Methylthiolphenylhydrazines (Hodgson and Handley), 1884. , 

b,H„O.Tl Thallium dimethyl acetylacetone (Menzies, Sidgwick, Cutolifeb, 
and Fox), 1289. 

G 7 H 14 O 3 N 4 Ethyl acetoacetate 3-aminos6micarbazone (Mfneo and 'Wilson), 1260. 

G 7 Hie 04 S 2 Sulphonal, paraehor for (Feeiman and Sdgdbn), 268. 

G 7 H 17 NGI Methyl-iS-ehloroethyldiethylammonium chloride (Gough and King), 
2437. 

7 IV 

G7H3O4NBF2 Dibromonitrohydroxybenzaldehydes (Hodgson and Jeneinson), 
2278. 

G 7 H 8 O 6 N 3 GI Chlorodinitrohydroxybenzaldebydes (Hodgson and Jeneinson), 
2272. 

G 7 H 303 NaBF Bromodinitrohydroxybenzaldehydes (Hodgson and Jeneinson), 
2277. 

G 7 H 8 O 3 N 2 I lododinitrohydroxybenzaldehydes (Hodgson and Jeneinson), 2279. 

G7H4O2GII 8-Ohloro«5-iodobenzoic acid (McAlistbe and Kennbe), 1915. 

G 7 H 4 O 8 GI 8 S o-Sulphinobenzoic acid dichloride (Peioe and Smiles), 2861. 

G 7 H 4 O 2 BPI 3-Bromo-5-iodobenzoic acid (Me Alistee and Kennbe), 1915. 
Bromoiodohydrozybenzaldehydes (Hodgson and Jeneinson), 2279. 

G 7 H 4 O 4 NCII Ohlorouitrohydioxybenzaldehydes (Hodgson and J^einson), 2273. 
6-OhIoro-3-nitrosalicylaldehyde (Lovett and ^bbets), 1978. 

G 7 H 4 O 4 NBF Bromonitrohydroxybenzaldehydes (Hodgson and Jeneinson), 2277. 

G 7 H 4 O 4 NI 5-Iodo-3-nitrobenzoic acid (McAltstee and Kennee), 1914. 
lodonitrohydrozybenzaldehydes (Hodgson and Jeneinson), 2279. 

G 7 H 408 NfiBF 4-Broino-2:3:6-trinitrophenylmethylnitroamine (Clbmo and Smith), 
2422. 

G 7 H 3 O 2 NSS 2-Nitro-4-thiocyanoaniline (Challenger and Peters), 1372. 

G 7 Hs 02 NsSe 2-Hitro-4-selenocyanoaniline (Ohallengbe and Petees), 1375. 

G 7 H 5 O 6 N 4 BF 4-Bromo-2;6-dinitroijhenylmetbylnitrosoamine (Clbmo and Smith), 
2421. 

G 7 Hs 07 N 2 As Nitrobenzozazolone-5-arsinic acids (Balaban), 3071* 

G 7 H 60 N 2 S 5-MethoxybeDzene 2 :lHiiazosulphide (Hodgson and Handley), 626. 

G 7 HfiON 8 Cr 3-Ohloroanisole-2-diazoimide (Hodgson and Kershaw}, 193. 

G 7 H 8 O 2 NGI Nitrobenzyl chlorides, velocity of reaction of trimethylamihe with 
(hioEEisH and Smith), 130. 

G7H602NBr 5-Bromo-3-aminobenzoic acid (McAlister and Kenner), 1915. 

G 7 H 8 O 2 NF jp-Kitrobenzyl fluoride (C. K.and E. H. Ingold), 2260. , . 

CTHeOsNGl 5-Chloro-4-nitroso-3-hydroxyamsole (Hodgson and Wignall), 330. 

G 7 H 8 O 3 NBF 2 -Bromo- 4 -niiroaai 5 ole ^ (Burns, MoCombie, and ScAEBOEOUGH)'j 
2934. 

G 7 H 8 O 3 NF Fluoronitrophenyl methyl ethers (Hodgson and Hdcon), 1880. 

?37Z 
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C7Ha04NCl S-CUoTo^oitro-S-hydroxyanisole (Hodqsojt and Wiqkau), S30. 
C,B.04N.Br 4-Broiao-2:6-diaitromethylaniline (Clemo and Smith), 2421. 
CfHeOsNAs Bei)2:oi:azoloDe-5-arsinic acid (Balabah), 3071. 

C7H«08 NAs 3-Nitro-4-liydroxy-5-carboxyplienylarsinic acid (Newbbry, Phillips, 
and Stiokikgs), 8062. 

C7H7OSNCIS S-ChloTO-S-aminobenzoic acid hydrochloride (McAlister and Eeh- 
her), 1916. 

C7H7O2CIS jT-Toluenesnlphonyl chloride, parachor for (Freihak and Sugben), 
267. 

C7H7O8IS 2-lodopheny1inethylsnlphone (Barber and Smiles), 1144. 

C7H7O8IS lodotolnenesnlphonio acids, and its salts (Barber and Smiles), 1144. 
C7H708SLi Benzaldehyde lithium hydrogen sulphate (Frzei^I) and Poukber), 
2248. 

C7H7O4N8AS l-AminobenzoEazole-4-arsinic add (Sticeixgs), 8133. 

G7H7O4NS6 2-Nitro^-toluene8eleninic acid (Challenger and Peters), 1369. 
C7H7O5NSAS 6-Aminobenzozazoione-5-arsinic acid (Balaban), 3072. 

G7H8ONCI 3-Chloro-2-aminoanUole, and its salts (Hodgson and Kershaw), 191. 
C7H8OCIP Phenylmethylphosphinyl chloride (Oibson and Johnson), 96. 
C7HSO8N8S 6-Nitro-3-thioaniaidine (Hodgson and Handley), 164. 

G 7 H 8 O 8 N 8 AS 2*Aminobenziminazole-’6-ar8inic acid (Stickings), 3133. 

G7H80«NAs 8-Amino-4-hydroxy-5-carboxyphenylarsinic acid (Hewbery, Phil- 
lips, and Sticeings), 3062. 

G7H8BrlS6 Phenyl methyl selenide bromo-iodide (Edwards, Gaythwaite, 
Kenyon, and Phillips), 2300. 

€7HtON2Gl 3-Ohloroanisyl-2-hydrazine, hydrochloride of (Hodgson and Ker- 
shaw), 193. 

CrHtOtNsAs j^Carbamidophenylarsinic acid (Stiokings), 8133. 

C7H90 «NsAs 5-Carhamido-2-hydroxyphenylarsinio acid (Sticeings), 3133. 
C7H15NGI8AS iB-Piperidinoethyldichloroarsme hydrochloride (Gough and King), 

2486. 

G7H15NISAS ^-Piperidinoethyldi-iodoarsine hydriodide (Gough and King), 2436. 
G7Hie08NAs H-Piperidinoethylarsinic acid, and its hydrochloride (Gough and 
King), 2436. 

G7H17O8N2AS 7-Piperazmopropylarsinic acid, and its dihydrochloride (Gough and 
King). 2446. 

C7H17NCII Methyl-i3-chloroethyldiethylammonium iodide (Gough and King), 

2487. 

7 V 

^THsOsNsClSe 2-Hitro-^-chlorophenyl selenocyanate (Challenger and Peters), 
1371. 

C7H302N8BrS 4-BTomo-S-nitrophenyl thiocyanate (Challenger and Peters), 
1373. 

C7H304ErBFl Bromoiodonitrohydioxybenzaldehydes (Hodgson and Jeneinson), 
. 2279. 

C7HeOsNClS 3-Ohloio-4-n!trotbioanisole (Hodgson and Handley), 166. 
C7He08CllS lodotoluenesulphonyl chlorides (Barber and Smiles), 1144. 

Os Group. 

CsHsOs Anisic acid, condensation of chloral with (Chattaway and Galvet), 
2913. 

CgEgClt Dichloro-o-xylenes (Hineel, Ayling, and Bevan), 1874. 

CsHbNs Dimethyl-l:2:3-benztriazoles (Brady and Beynolds), 202. 

OgHsd «-Ohlorozyiene, nitration of (Ingold and Rothstein), 1278. 

83 T 8 



FORMULA INDEX, 
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CgHfiBr <»-Bromozyleue» nitration of (Ingold and Eoxhstein), 1278. 

OgHioOs 1-OarboxycycZopentane-l-acetic anhydride (Vogel), 2022, 
cycZoPentane-l-acetic-l-carboxylic anhydride (Basdhan), 2600. 

CgHioOg Diacetyltartaric acid, rotation dispersion of, and its esters (Austin), 
1825. 

C8E12O2 7-Hydroxy-aai3-triinethyl-A^-pentenoic lactone (Baudhan), 2616. 

iS-eyc/oPentanespirobntyrolactone, and its silver salt (Sircar), 902. 

C8H18O4 a'-Hydroxy-o«j3-trimethylglTitarolactone (Babdhan), 2620. 

Methyl caronate (I^riharan, Menon, and Simonsen), 438. 
eycZoPeniyIznalonic acid (Vogel), 2022. 

a-isoPropylglntaconic acids, isomeric (Hariharan, Menon, and Siuonsen}, 
481. 

Acid, and its salts, from oxidation of a-phel!andrene (Henbt and Paget), 77. 
CgHuOs a<tsoPropylaoetonedicarbozyIic acid (Hariharan, Menon, and Simonsen), 
436. 

G8H14O2 ^B-Diethylbntyrolactone, and its silver salt (Sircar), 901. 
i8-Methyl-ftethylvalerolactone, and its silver salt (Siroar), 903. 
ooi3-Trimethyl-A^-pentenoic acid, and its silver salt (Bardhan), 2615. 

CgHuOa «j3j8-Trimoihyl-lfievnlio acid (Bardhan), 2613. 

C8H14O4 Suberic acid, catalytic decomposition of (Vogel), 2032. 

C8H14O5 SiS'-Diacetoxyethyl ether (Maoleod), 3092, 

Trimethyl-3-lyxonolactone (Hirst and Smith), 3152. 

Trimetbyl 7-xylonolactone (Haworth and Porter), 617. 

GgHisOs n-Hexyloxyacetic acid (Rule, Hay, and Paul), 1356. 

CsHieOs Trimethyl lyxose (Hirst and Smith), 3151. 

G8H17N 2:2:6-Trimethylpiperidme, and its salts (Gough and King), 2444. 

G8Hj 806 T^imethyl methyl-lyxoside (Hirst and Smith),* 3151. 

8 m 

GpHaNjCL oai3-Triohloro-j8-2;4!6-triehloroben2eneazoethyl6ne (Ohattaway and 
* DiLDV), 2760. 

GsHaNfClf aa-Dichl0ro-j8-2:4:6-trichlQrobenzeneazoethylene (Ohattaway and 
Daldy), 2768. 

G8HSN2GI7 Chloral »-chlQro-2:4:6-trichlorophenylhydrazone (Ohattaway and 
Daldy), 2760. 

G8H4N2S2 ^-Dithiocyanobenzene, preparation and nitration of (Challenger and 
Peters), 1371. 

OsHsOsKs w-Diazo-p'nitroaeetophenone (Bradley and Schwarzenbach), 2907. 
G8Hs04Br 4-BromophthaIic acid, preparation of (Baser), 2829. 

GsHsOgNs Tetranitroaoetanilide (FLtjBSGHEiu and Holmes), 3046. 

G8H«0N2 Diazoacetophenone (Bradley and Robinson), 1316. 

GsHaOGla «*Ohloro-9n-toluoyl chloride (Titley), 2582. 

GsHeOBra «-Bromo-p-toluoyl bromide (Titley), 2581. 

GaHeOaNa 2:3-Diliydroxyqainoxaline, and its sodium salt (Phillips), 2397. 
GsHsOsNa 5-Nitroethenyl-o-aminophenol (Newbeby and Phillips), 121: ' ■ 
C8H804Na Nitro-3-hydroxy-l;4-benzis<jozazme8 (Newbbry and Phillips), 3048. 
GsHeOeNa Methyl 2:3-dinitrobenzoate (Brady, Day, and Allam), 981. 

GsH 702H8 l-Ac6to3y-l:2:3-benztriazole (Brady and Reynolds), 197. 

C8H7O3I 2-Iodo-3-methoxybenzoic acid (Kenner and Turner); 2341 
G8H7NS l-Methylbenzthiazole, salts of (Clare), 2315. 

GaHaNSe l-Methylbenzselen^ole, and its salts (Clare), 2316. 

GsHsON^ 5-Amihoethenyl-o-aihinophenol (Nbwbery and Phillips), 122, 
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CsH 80C!2 DicWoro-o-4-xylenols (Hinkbt., Atlino, and Sevan), 2.^32. 

CsH 802N2 8-Amino-3-liydrozy-l;4-beiizisooxaziue, and its hydrochloride (B ala- 
ban), 8070. 

Ainino>3>hydroxy-l:4thenz2sooxazines, and their salts (Newbert and Phillips), 
8048. 

CsH802Se 7 ?-Carhoxyphenyl methyl selenide (Gaythwaite, Kenyon, and Phil- 
lips), 2286. 

CgHfiOsSe p-Carboxyphenyl.methyl selenoxide (Gaythwaite, Kenyon, and Phil- 
lips), 2286. 

G3H804N2 Dinitroethylbenzenes (Bbaby, Day, and Allah), 980.' 

6-Nitro-2-acetainidophenol (Nbwbery and Phillips), 8050. 

C 8 H 8 O 4 NI Methyl hydroxynickelosalicylate (Doah and Paokee), 2768. 

C 8 HsOsN 4 2:4:6-Trinitro-5-aminore8orcinol dimethyl ether (Flhbschsih and 
Holmes), 3044. 

CgH^ONs l:6-Dimethyl-l:2:3-h6ntriazole l-ozide (Beady and Reynolds), 201. 

l-Methozy-6:methyl-l;2:3-benztriazol6 (Beady and Reynolds), 201. 

GgHaOCl 3-Chloro-o-4-zylenol (Hinhel, Ayling, and Sevan), 2581. 

GgHgOBr i3-Hydiozy-i3-phenylethyl bromide (Read and Reid), 1488. 

CgHgOsS a- and j3-Phenylethanesnlphonic acids, barium salts (Ashwoeth and 
Bijrckhardt), 1798. 

CgHgOgNs Dinitro-4-aminoethylbenzenes (Beady, Day, and Allah), 981. 

CgHsNGlg Dichloro-o-zylidines (Hinhel, Ayling, and Sevan), 1876. 

CgHiaOgNg Ethyl urocanate, picrate of (Hubball and Pyman), 26. 

C 8 HX 0 O 2 S Ben^lmetbylsnlphone, parachor fi>r (Feeiman and Sugden), 267. 

CgHioOgSg Dimethyltbiolbenzene disulphoxides (Bell and Bennett), 3191. 

C 8 H 10 N 2 CI 2 Dichlorodiamino-o-zylenes (Hxnkel, Ayling, and Sevan), 1877. 

CgHxoBPiSe Phenyl ethyl selenide dibromide (Edwaeds, Gaythwaite, Kenyon, 
and Phillips), 2302. 

CgHixON 3-Amino-o-4-xylenol (Hinhel, Ayling, and Bbvan), 2531. 

CtHxiOgP Methyl phenylmethylphosphioate (Gibson and Johnson), 97. 

CgHiiNgCl Chloroaminodimethylanilines (Clemo and Smith), 2420. 

CgHixNgBP 4-Biomo-2-aminodlm6thylaniline (Clemo and Smith), 2420. 

CsHxzNSg 2:4-Dimethylthiolaniline, and its hydrochloride (HoDGisoN and Hand- 
ley), 164. 

CgHisONs Methylmesilyl ozide semicarbazone (Baedhan), 2614. 

CgHisOsTl Ethyl thallium dimethyl acetoacetate (Menzies, Sidgwich, Cutclipfe, 
and Fox), 1290. 

CgHxeOgS 9i-Octanesulphinic acid, ferric salt (Fenton and Ingold), 3130. 

02Hig02Pt Trimethylplatinum acetylacetone (Menzies), 565. 

C 8 HX 8 O 4 SX Tiional, paxachor from (Feeiman and Sitgden), 269. 

8IV 

C8H2N2C12BF4 aa-Dichloro-i8-bromo-j8-2 :4 :6 'tribromobenzeneazoethylene (Ohatt- 
AWAY and Daldy), 2762, 

C4H2N’2018BF8 ««i8-Trichloro-j3-2;4:6-tribromohenzeneazoethylene (Ohattaway 
and Daldy), 2762. 

CsHgKgClsBr a«-tJichloro-a-bromo-j3-2:4:6-trichlorobenzeneazoethylene (Ohatt- 
AWAY and Daldy), 2760, 

C 8 HsN 2 Cl 2 Brs aa-Dl(^loro-j3-2:4:6-tribTomobenz6neazoethylene (Ceattaway and 
Daldy), 2762. 

CsHAOgNeCU Glyoxylic acid «-chloro-2;4:6-trichlorophenylhydrazone (Ohattaway 
and Daldy), 2761. 

C 8 H 404 N 8 Br m-Nitrophenylbromocyanonitromethane (Fldbscheim and Holmes), 
476. 
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CiH4N'2SSe p-Thiocyanoselenocyanobenzene, preparation and nitration of (Chal- 
lsnobr and Petebs), 1372. 

C8H50*N2C1 s Glyoxylio acid 2;4:6-tricIiloropher>ylhydrazone (Chattaway and 
Dalhvi, 27«0. 

CsHsOaNsBPs Glyoxylic acid 2:4:6-tribromopheaylliydrazone (CHATTATfAY and 
I)4|.dy), 2762. 

CgHjONC! 3-Chloro-2-cyanoanisole (Honasoir and Kershaw), 192. 

CsHsOaNOl «-Ohloronitrostyren©s, alkaline hydrolysis of (Dann, Howard, and 
Davibs), 6(»5. 

GaHeO^NBP «-Bromonitrostyrenes, alkaline hydrolysis of (Dahn, Howard, and 
Da^viks), 605. 

08He02N8S Nitro-c-tolyl thiocyanates (Challenger and Peters), 1368. 

G8He02NaS6 Hitro-p-tolyl seleuocyauates (Challenger and Peters), 1370. 

G8He02Cll Methyl 3-chloro-5-iodobenzoate (McAlister and Kenner), 1915. 

G8H2O2BPI Methyl 3-bromo-5-iodobenzoate (McAlister and Kenner), 1915. 

G^HeOaNAs 3-Hvdroxy-l:4>benzzsooza2ine 6-arsenoxide (Hewbery, Phillips, and 
Stic kings), 3056. 

G2H6O4N2CI2 DlchlorodinitrO'O'Zylenes (Hinhel, Atling, and Bey an), 1876. 

G2He05N2Cl 2:4-Diuitrophenylchioroacetamide (Fairbourne and Fawson), 
1079. 

GsHeOsNsBp 2:4-Dimtrophenylbromoacetamide (Faibbottrne and Fawson), 
1079. 

GgHeOsHsCl ChlorodinitTohydrozybenzaldehyde semicarbazones (Hodgson and 
Jbnkinson), 2274. 

GsHeOeNsBr Bromodinitrohydrozybenzaldebyde semicarbazones (Hodgson and 
Jenkinson), 2277. 

GsHsO^Nsl lododmitrohydroxybenzaldehyde semicarbazones (Hodgson and Jen- 
kinson), 2279. 

G8H7O2NCI2 DichloTonitro*o-xylenes (Hinhbl, Atling, and Bbyan), 1876. 

G8H7O8H2AS 8-Amino-3-hydroxy<l:4'henzisooz:azine 6-arsenoxlde, hydrochloride 
of (Nbwbery, Phillips, and Stickings), 3059. 

G8H7O4N2CI 3-NitTb>2-chIoroacetamidophenol (NTewbery and Phillips), 3048. 

G8H7O4N4GI OhloTonitrohydrozybenzaldehyde semicarbazones (Hodgson and 
Jenkinson), 2273. 

C 8 H 704 N 4 Br Bromonitrohydrozybenzaldehyde semicarbazones. (Hodgson and 
Jbnkinson), 2277. 

G8H7O4N4I lodonitrohydroxybenzaldehyde semicarbazones (Hodgson and Jenhin* 
son). 2279. 

C 8 H 7 O 5 N 2 AS 2:3-DihydfoxyqninoxalinearsiDic acids (Phillips), 3139. 

2;4*Diketo.l:2:3:4-tetrahydro-l:3^ainazo1ine-7-ar8inic acid (Stiokings), 3134. 

3-NitTo-4-hydroxy>5-acetamido()henylarsenoxide (Newbery and Phillips), 2380. 

G8H7O7N2AS Nitrohydroxy-l;4-benzMooxazinearsinic acids (Newbery, Phillips, 
and 8T1 GRINGS}. 3057 ; (Balab\n), 8068. 

GgHsONGl AT-ChloroacetaniHde, decomposition of, by heat (Bradfisld), 351. 

GsHgONBr o-Bromoacetanilide, nitration of (Gibson and Johnson), 3092. 

CgHgONsBr j7<Bromobenzaldehyde semicarbazone (Ingold and Shoppeb), 407. 

CftHsOgNBP »(l)-Bromo-3-nitro-|Nxylene (Ingold and Rothstein), 1220. 

C8H802NAS 2:3-Dihydro-l:4-benzisooxazme-6-arsenoxide (Newbery, Phillips, 
and Stichings), 3084. 

G8H802N2S 6enziminazole-2-thioglycolUc acid (Stephen and Wilson). 1420, 

GsH802BF2Se j»-Carboxyphenyl methyl aelenide (Gaythwaite, Kenyon, and 
Phillips), 2Ti86. 

Phenylselenoglycollic acid dibromide (Edwards, Gaythwaite, KENYdN, and 
Phillips), 2298. 
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CgHgOsNGl 6-Ohloro-8-wtro-o-4-xylenol (HtNKEt* Ayling, and Bevan), 253 L 

GgHgOsNAs 5-Acetamido-2-liydroxyphenykr8enoxide (Newbery and Phillips), 
2380. 

GgHgOgNCl 5-Cliloro-2- and -4-nitroresorcmols (Hodgson and Wignall)j 331. 

GsHgOgNsBr BroTnodinitrodimethylanilines (Glemo and Smith), 2421. 

CgHgOsNAs 3-Hydroxy-l:4-benzisooxazmeaTsinlc acids (Newbsry, Phillips, and 
Stkjkings), 3054. 

CgHgOgNAs 3:7-Dihydroxy-l :4-bcn2«s<?oxa2ine*6-arsinic acid (Nbwbert, Phillips, 
and Stickings), 3058. 

GsHgNgBPgS 5*Bromo-l-amino-3-metliylbenzidiiazole bydirobirotnide (Hunter and 
Styles), 3023. 

GgHgNgBPgS l-Ammo-3-methylben2thiazole tetrabromide (Hunter and Styles), 
3023. 

5-Bromo-l-amino-3>inethylbeitztblazole dibromide bydrobromide (Hunter and 
Styles), 3025. 

GgHgOGlS Cbloro^S-metbosytbioanisoles (Hodgson and Handley), 627. 

GgHgOgNgBP Bromonitrodimetbylanllines (Olemo and Smith), 2420. 

GgHgOsNe As 3- ATnino-5-acetamido-4-hydroxyphenylarseuoxide, salts of (N ewbery 
and Phillips), 2377. 

MetbTlbenziminazolearsinic acids (Phillips), 3136. 

GgHgOgNS Etbyl jj-nitrobenzeneaiilpbonate (Bell), 2776. 

Nitro-5-methoxypbenylmetliylsulphones (Hodgson and Handley), 627. 

CgHgOsNgAs Aininohydroxy-t:4<benz^ozazinearsinic acids (Newbery, Phillips, 
and Stickings), 3057 ; (Balaban), 8069. 

Csfi907N2As 8-Nitro-6-acetamido-2-hydroxypbenylar8mic acid (Newbbry and 
Phillips), 2376. 

GgHgOgNsAs 2-Nitro-4-a-by<iroxyacetai!nido-3-bydroxyphenylaxsinic acid (Bala- 
ban), 3069. 

GgHgNsBrS l-AminO’S-metbylbenztbiazole hydrobromide (Hunter and Styles), 

3023. 

GgHgNgBPsS l-Amino-3-methylbenzthiazole dibromide hydrobromide (Hunter 
anil S'lTLEs), 3022. 

CgHioONCl Ohloroamino-o-4-xylenols (Hineel^ Ayling, and Beyan), 2581. 

OgHioOgNAs Acetamidohydroxyphenylarsines (N ewbery and Phillips), 2381. 

CgHioOgNAs 2;S-Dihydro-l;4-benzisooxazine-6-arsmic acid (Newbbry, Phillips, 
and Stickings), 3068. 

GgHioOsNAs 3-Hydroxy-l:4-benzisooxazme-7-arsinic acid (Balaban), 3068. 

OgHioOgNAs 5-Acetamido-2;4-dihydroxyphenylarsinic acid (Newbbry, Phillips, 
and Stickings), 3053. 

CgHiiOgNgAS 2-Amino-4-acetainido-3-hydroxypheny]arsinic acid, and its salts 
(Balaban), 812. 

S-Amino-S-aoetamidohydroxyphenylaisinie adds (Newbbry and Phillips), 2376. 

OgHxiOeNgAs 2-Ainino-4-u-hydroxyaoetamido-3-hydroxyphenylar8inio acid (Bala- 
ban), 8069. 

GgHigOgNsS Ethyl l:4;6:6-tetrahydropyriinidinB-2-thioglycollate (Stephen and 
WiiJ?ON), 1420. 

CgHisOgNAs 7 -Piperidinopropylarsmic add, and its hydrochloride (Gouge and 

King), 2443. 

CgHgoOI^Teg Diethyltelluronium o-oxyiodide (Gilbert and Lowry), 3183. 

CgHsoOgNiASg i\ri\7^-Piperazine-di-i3i8'-ethyUr8inic add and its dihydrochloride 
(Gough and King), 2436. 

SV 

0gHg0»NgSS6^^2-Nitro-4-thioeyanophenyl sdenocyanate (Challenger and 
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CSH 4 O 3 N 8 S 8 M 0 Tetrahydrogen dimolybdenum trioxyoctathiocyanate, salts of 
(Jahss and Wardlaw), 27SB, 

CsHeONGlS 3-0hloro-2-thiocyanoanisole (Hodgson and Eeesha'Sv), 192. 

CsHflONClgl 2:4*DicMoro-6dodoacetanilide (Brapfield^. Orton, and Roberts), 
788. 

G 8 H 6 ONCI 2 F 3-FluorOT4:6-dioliloroacetanilide (Ingold and Vass), 422. 

GsHeOsNaCIl Ohloroiodo-e-nitroacetanilides (Bradfield, Orton, and Roberts), 
784. ' 

GsHg 03 N 2 BrI Bromoiodo>6-nitroacetaniIid6S (Bradfield, Orton, and Roberts), 
784. 

C 8 H 6 O 5 NGI 2 AS 2-Nitrop1ienoxyaeetic acid 4-dichlotoarsme (Newbery, Phillips, 
and Stickinos), 3056. 

G 8 H 70 NBrI 2-Bromo-4-iodoacetanilide (Bradfield, Orton, and Roberts), 783; 

GsHfONClF 3-Fluoro-6-cbloroacetanillde (Ingold and Yass), 422. 

C 8 H, 05 NC 1 As 8-Chloro-8-ljydroxy-l:4-ben2oxazine-6-arsinic acid (Newbery, 
Phillips, and Sticrings), 3060. 

C8H802NC12AS Acetamidohydrozyphenyldichloroarsines (Newbery and Phil- 
lips), 2380. 

GsHsOsN^ClAs 8-Aniino-S-]iydroxy-l:4-benzwooxazine-6-hydroxyehloroaraine, 
- hyilrocWopide of (Newbery, Phillips, and Stickings), 3059. . 

G 8 H 8 O 7 N 2 CIAS 3-Nitro-5-cliloroacetamido-4-liydroxyplienylarsinic acid (Nbw- 
BERY, Phillips, and Stichings), 3059. 

G 8 H 9 O 2 N 2 CI 2 AS 3-Ammo-5-acetamido-4-hydroxyphenyldicliloroarsine, liydro- 
ohlonde of (Newbery and Phillips), 2377. 

G 8 H 2 O 2 N 2 I 2 AS 3-Amino-5-acetamido-4-hydroxyphenyldi-iodoar8ine, hydriodide of 
(Newbery and Phillips), 2377. 

G 8 H 9 O 4 NCIAS 3-ChloTo-S-acetanudophenyIarsinio acid, and its magnesinm salt 
(Balaban), 812. . . 

G 8 H 10 O 4 N 8 GIAS O-Glycineamide-S’cblorophenylarsinic acid, and its salts (Bala- 

ban), 813. 

G 8 H 24 ON 2 GI 8 M 0 Bisdiethylammoninm molybdenyl pentacbloride (James ' and 

Wabdlaw), 2787. 

Ditetramethylammoninm molybdenyl pentachloride (James and Wabdlaw), 
2737. 

8 VI 

GsHeONClBrl Chlorobromoiodoacetanilides (Bradfield, Orton, and Roberts), 
/ 83. 

C» Group. 

G 2 H 602 Piieuylpropiolic acid, addition of bromine and chlorine to (Hanson and 
. James], 2979. 

G 9 H 8 O 2 Oinnamic acid, addition of mixtures of bromine and chlorine to (Hanson 
and James), 1955. 

G 9 H 8 O 4 Homophthalic acid, action of phosphorus pentachloride on (Davies and 
Poole), 1616 ; copper salt (Poole), 1379. 

4-Methoxy£sophthalaldehydic acid (Chattaway and Calyet), 2916. 

Phthaiie acid, separation of homophthalic acid from (Poole), 1378. 

G 9 H 8 OS 4-Methoxyisophthalic acid (Chattaway and Galvst), 2916. 

C^iqOs 5-cbcZoPentane^roe|rcZbpenten-3-oI-l:4-dione (Goss), 1308. 

G 9 H 10 O 5 Methvl hydrogen S-methyldicycfopenten-B-oldicarboxylate (Goss and 
Ingold), 1273. 

G 9 Hx 208 c^cZoPentylideneacetcaceiic add (Jupp, Eon, and Locetqn), 1642. 

GeHxiO a-Methyl.A*r<s^petttenylacetone (Bardhan), 2604. 
a-Methyk^cZi^ntylideneacetone (Bardhan), 2603. ^ 

Phorone, ring-chain tautomerism in derivatives of (Shgden), 410. 
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O 9 H 14 O 2 c^cZoHezanej^irobutyrolactone, and its silver salt (Sibcab), 57 , 902. 
i 8 -f^c?oHexylacryUc acid, and its salts (Sircab), 55. 
iS-cycZoPentane^irnvalerolHctone, and its silver salt (Sircar), 903. 

C8H14O3 l-Acetylcyc?opeiitane*l -acetic acid (Bardhan), 2601. 

C8 Hi 404 Methyl cycZopentane-l-acetic-l-caiboxylate (Bardhan), 2600. 

C9H14O6 oa-Dihydroxyc2^cZopentanft-l:l-diacetic acid (Gos:^), 1310. 

O8H14N* ay-Diamino-jB-phcnylpropane; and its salts (Jackson and Kenner), 
less. 

Allyl bexoate (DETrLOEEii), 528. 
iSB'Diethylvalerolactoue, and its silver salt (Sircar), 903. 
Hydroxy-2:2:3:3-tetrainetliylflytfZopentanone (Shoppee), 1666. 

GsHxsOs Ti-HeptylozyacetiG acid (Rule, Hat, and 1350. 

9 m 

0aH40aCl4 3:3:4:4-Tetrachloro«3:4-dihydroi5oconmarm (Davies and Poole), 
1620. 

C8Hfi08Cl S-OhloroisocoumaTin (Davies and Poole), 1618. 

C 9 H 5 N 2 BP 8 2-w-TribromoTnethylquinoxaline (Bennett and Willis), 197.4. 
G 9 H 9 O 2 GI 4 aajS/S-Tetrachloro-iS-phenylproplonic acid (Hanson and Jambs), 
2985. 

C9H7O2N Methyl o-cyanobenzoate, action of ms^nesiom phenyl bromide on (Boyd 
and Lahhams), 2089. 

C9H70aN Methylphthaiozimes (Brady, Baker, Goldstein, and Harris), 
539. 

C9H8O2N2 o-Phenylenemalonamide, sodium wit (Phillips), 2398. 

C9HSOIBF p-Chlorocinnamyl bromide (Bdeton), 1656. . . 

C 9 H 9 OCI p-Chloroctnnamyl alcohol (Burton), 1655. 

Chlorophenyiallyl alcohol (Burton), 1655. 

C9H9O2N3 l-Aretozy<*6-methyl-l:2:3-benztriazole (Brady and Reynolds), 200. 
C9H9O9N3 0-Methyl-8:5-diiiitro-4-methoxybenzaldoxim8 (Brady and Miller), 
341. 

C 9 H 9 NS 1 -Ethylbenzthiazole, and its picrate (Clark), 2319. 

CsHgNSe 2-Methyl-l-methylenebenzselenazoIine (Clark), 2317. 

C,Hxo02S m-Ethylthiolbenzoic acid (Holloi^ay, Kenyon, and Phillips), 
8003. 

C9H10O3N2 2 -Aminomalonanilic acid (Phillips), 2398. 

C8H10O3N4 3;3'-Dimethyl-5;5'-dipyrazolonyl l:l'-ketone (Munbo and Wilson), 
1260. 

CafiioOsS Carboxypbenyl ethyl snlphoxide, and its resolution (Holloway, 
Kenyon, and Phillips), 8003. 

C9H1064S w-< 3 arboxyphenylethylsaIphone (Holloway, KEmroN, and Phillips), 
3004. 

C9Hio040a Methyl methoxycuprisalicylate (Doak and Packer), 2767. 
C9Hio04Ni Methyl methoxynicfcelosalicylate (Doak and Packer), 2768. 
G9 HioN 2S l-Methylamino-S-niethylbenztbiazole (Hunter and Styles), 8025. 
G9HUO2N3 Aldehydomethylphenol semtcarbazones (Bell and Henry), 2222. 
G9 Hu 02T1 Thallium dimethyl salicylaldehyde (Msnzies, Sidgwick, Outclipee, 
and Fox), 1291, 

€8Hx8020l2 l:l-Dichloro-2:2:3:3-tetram6thylc^cZopentanedione (Ingold and Shop- 
pes), 408. ■ 

CafiisOeS Ethyl p-tolnenesnlphonate, parachor for (Freiman and Sugden), 267. 
C^HjiNxS o-PolylmethylthiocaTbamides (Hunter and Styles), 3024. 

GsHxsON p-Dimethylaminobenzyl alcohol (Clemo and Smith), 2424. 
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G9H13ON Nor'^-i^-dpliedrine, and its salts (Smith), 51. 

C9Hi 302C1 1 -Chloro-2:2:8 :S-tetTainetliyl-[0, 1, 2]*«?«!ytfZopentan-4-ol.5-one (Ingold 
and Shoppbb), 408. 

CsHxaOsP Ethyl phenylmethylpliosphinate (Gibson and Johnson), 86. 

CsHi40Na a7-Diamiiio-j3-3J-hydroxyphenylpropane, and its dOiydrobromide ( Jaoe- 
. SON and Kbnnbb), 1661. 

3:3:4 :4-TetraniethyIcyc/oppntane-l:2-dione fnrazaii (Ingold and Shoppeb), 396. 

G9H14OBFS Dibromotetisonathylcyclopentanone (Shoppbb), 2363, 

G9H14O2N8 flpy-Diamino-j8-8:4-diliydroxyphenylprapane, and its dihydpohroinide 
(Jackson and Kbnnbe), 1661. 

C9HX4O3N2 4:4:5:5-Tetramethyl(^0Zopentanetrione l:3»diozime (Ingold and Shop- 
pes), 391. 

C9H15ON jB-cycfoHerylacrylamide (Sibcae), 55. 

C9H15OP Phenyltrimethylphosplionitim hydroxide, picrate of (Ingold, Shaw, and 
Wilson), 1288. 

C9Hi50Sb Phenytrimethylstibonium hydroxide, picrate of (Ingold, Shaw, and 
Wilson), 1288. 

C9 Hxs 02N 2:2:3:3-Tetramethyl-[0, 1, 2]-dieye7opentan-4-ol-5-one oximes (Ingold 
and Shoppee), 394. 

aa8j3-Tetramethylglntarimide (Ingold and Shoppee), 396. 

Lactam of 8-ainino-a-keto-77-dimfcthylisoheptoic acid (Ingold and Shoppee), 
400. 

Lactam of S-amino-a-keto-jSjSTy-tetramethylvaleric acid (Ingold and Shoppee), 
395. 

G9H15O3N l-Acetylcyc2opentane-l -acetic acid oxime (Baedhan), 2601. 

Sabstance, from potassium cyanide and methylmesityl oxide (Baedhan), 2614.; 

C9fii503N8 4:4:5:5-Tetramethylcyclopentanetrione l:2:3-trioxime (Ingold and 
Shoppee), 892. 

C9H1SO2N2 3:3:4:4-Tetramethy%c2opentane-l;2-dione dioxime (Ingold and Shop- 
PBB), 896. 

C9H13O4S2 Pentane-oe-dithiolacetic acid (Ohivebs and Smiles), 701, 

C9H17ON 4:4:5:5-Tetramethy%e2opentanetrione oxime (Ingold and Shoppee), 
392* 

Tetrametbylti!^cIopentanone oxime (Ingold and Shoppee), 898. 

G9H17OHS 78-Dimethylhexen-i3-one semicarbazones (Abbott, Eon, and Satchbll), 
2517. 

e-Metbylbepten-y-one semicarbazones (Abbott, Eon, and Satchbll), 2523. 

CArOaTl Thallium diethyl acetylacetone (Menzies, Sidgwick, Outclxpfe, and 
Fox), 1289. 

G9H17O8NS aSjS-Trimethyl-lasvnlic acid semicarbazone (Ba.bdhan), 2613. 

C9H17OX2N8 Triaminopropane trihydrogen trioxalate (Maitn), 898. 

GgHi902N Hydrox7-2:2:3:3-tetramethylcycZopeuiylainines, picrates of (Ingold and 
SHOPPEE), 400, 404. 

TetiamethylcycZopentylamines, and their salts (Ingold and Shoppee), 392, 398. 

9 IV 

G9H4OCIBF 3-ChlotO‘2-bromo-l-ketoindene (Ha|7SON and James), 2983. 

GgHsOgCiEp Chlorohromoeinnamic acid (Hanson and James), 2983. 

GgHeOgClsBr aj3i3-Trichl6ro-«-bromo-)3-phenyIpropiomc acid (Hanson and James), 
2985. 

GgHfOsNCls ai33-Trichloro-5-nitro-2-meth0xys1yTene (Ohattaway and Caltbt), 
2917. ' ‘ . 

C9H7O3NCI4 5-Hitro-2-methoxy-l-oSi36-tetrachIoxoe(thy]benzene (OHATTAWAf and 
Caltet), 2917^ : * : ’ 
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CgH703N3S 2-Nitro-4-tMooyaiioaceiamlide (Oha^luenger and Peters), 1872. 

CgH703N3Se 2-Nitro-4-selenocyanoacetanilide (Challenger and Peters), 1873; 

C 9 H 8 O 2 CIBP i8-Ohloro-a-bromo*i3-phenylpropionic acid (Hanson and James), 
1968 

GgHgOsNCl 3-Chloro*5-acetamldob6nzoie acid (McAlister and Kenner), 1915. 

CgHgOgNBF S-Bromo'S-acetaniidobenzoic acid (McAlister and Kenner), 1915. 

CgHgOiNl Etbyl 5-iodO'3-nitrohenzoate (McAlister and Kenner), 1914. 

C9H8O7NAS 3-Hydroxy-8-oarboxv-l:4-benzisoorazine-6-aTsinic acid (Newbery, 
Phillips, and Stickings), 8062. 

CgHgOeNg As 6- Acetamidobenzozazolonearsinlc adds (Balaban), 8072. ■ 

CgHtoOsNCl Acetyl derivative af 8«cbjloro-2-*ainmoanisol6 <Hqi>gsqn and K^- 
SHAW), 192, 

CgHioOsSBrg m-Carbozypbenyl ethyl sulphide and dibromide (HoLLOWAYj 
Kenyon, and Phillips), 8004. 

C3H10O5NAS Hydroxyinethyl-l:4-benzisooxazinearsinic acids (Newbbry, Phil- 
lips, and Stiokings), 8061. 

C9H10O5N3AS l-Amino-6-acetaTnidobenzozazole-4-arsinic acid (Stickings), 8184. 

GtHio07NAs 3-Acetamido-4-liydrozy-5-carbozyphenylaTsinic acid (Newbery, 
Phillips, and Stiokings), 8062. 

C3HX0N3BP4S s-o*Tolylmethyithioearbamide tetrabromide (Hunter and Styles), 
3024. 

O3H11O2N3OI 5-Chloro-4-nitroso-3-metboxydimetbylaniline (Hodgson and IVio- 
nall), 382. 

C3H11O3K2AS 2-Etbylbenziminazolearsiaic acid (Phillips), 3137. 

€ 0 HiiO 4 N 2 As 2<a-Hydrozyethylbenziminazolear8inic acids (Phillips), 3187. 

C9fi|iM2Br8S s-o-Tolyimethylthiocarbamlde tribromide (Hunter and Styles), 
8024 

CgHjaONGl 5-Ohloro-3-roethoxydimethylaniIine (Hodgson and Wignall), 881. 

C9fii808ClBF l-Chloro-l-bromo-2;2:3:8-tetramethyh^cif9pentanedione (Ingold and 
ShuPPEE), 409. 

C9H14O8NAS m-Nitropbenyltrimetbylarsonium hydroxide, picrate of (Ingold, 
Shaw, and Wilson), 1286. 

C 9 Hx 402 KP m-Nitrophenyltrimethylphosphonium hydroxide, picrate of (Ingold, 
Shaw, and Wilson), 1288. 

CgHiiOiNSb m-Nitrophenyltrimethylstdbonium hydroxide, picrate of (Ingold, 
Shaw, and Wilson), 1285. 

C 9 H 21 NGI 3 AS ^-n-Hexylaminopropyldiehloroarsine hydrochloride (Gough and 
King), 2448. 

9 V 

G9HSOGIBFN 3-Chloro-2-broino'X-lcetoibdene oxime (Hanson and James), 2984. 

G9HtoONClS Ohlorothioacetanisidines (Hodgson and Handley), 168, 166. 

CgHuOsNClAs Acetamidohydroxyphenylmethoxychioroarsines (Newbery and 
Philups), 2380, 

G 9 HuO«HGLAs 3-»-ChIoroearbethoxyaniinO'4-hydroxyphenylarsinic acid (New- 
BBRY, Phillips, and Stickings), 8063. 

Gio Group. 

GxqHia Limonene, oxidation of (Henry and Paget), 75. 
a-Phellandrene, oxidation of (Henry and Paget), 72. 

10 II 

CioHeOs 4:5-M€thylenedioxyhomophthalic anhydride (Stevens and Wmon), 
2827. 

GioHsSs Naphthylene l;8-disnlphide (Price and Smiles), 2374. , 
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C10H8O4 iS-o-Carboxyphenylpropionic acid (Titley), 2575. 

CiaHsOo 5-Carboxy-2-inethoxypIieii:ylglyoxylic acid (Ohattaway and Calvet), 
2917. 

CioHsNs Glyoxaline-4(6)-methylideneaniline (Httbball and Ptman), 25. 

C10H10O2 Benzylmethylglyoxal, absorption spectra of (Lowry, Mouebtj, and 
MacConket), 8167. 

Hydroxystyryl nietbyl ketones (MoGookin and Sdtolaie), 1174. 

C10H10O4 Carboxypbenylpropionic acids (Titley), 2581. 

tt-Hydrozy-4-acetoxyacetoplienone (Robertson and Robinson), 1465. 

C10H10O5 w-Hydroxy-4-methylcarbonatoacetophenone (Robertson and Robinson), 

CioHiiBr 4-Methylcinnamyl bromide (Burton and Inoold), 915. 

C10H12O 4-Methylcinnamyl alcohol (Burton and Ingold), 915. 

CioHi80s 3-Methoxy-5-c2/flZopentanespfro(^cZopenten-l:4-dione (Goss), 1308. 
CioHja04 4-Hydroxy-3:5-dimethoxyac€tophenone (Bradley and Robinson), 
1564, 

5-c2^cfoPentahe^V«ZicycZopentan-4-ol-S-one-l*carboxylic acid (Goss), 1309. 
GioHisBr o*Bromo-fer^.-batylbenzene (Shoesmith and Mackie), 2339. 

CioHial Iodo-2£r^.-batylbenz6ne8 (Shoesmith and Mackie), 2338. 

C10H14O3 Camphoric anhydride, action of substituted aromatic amines on (Singh, 
Ahuja, and Lal), 2410. 

A^-cycZoHexenylacetoacetic acid (Jupp, Kon, and Lockton), 1640. 
a-MethylcycZopentaae-l:l-diacetic anhydride (Bardhan), 2597. 

C10H14O4 a-Hydroxy-a-methylc^c2opentane-l:l-diacetolactone, and its salts (Bard* 
HAN), 2598. 

CioHieO 2-Carene oxide (Pillay and Simonsen), 863. 

C10H14O2 i3-c2/cZoHexanespiroyalerolactone, and its silver salt (Sircar), 903. 

Methyl S-cj/cZohexylacxylate (Sircar), 55. 

Methyl derivatiTeof 2:2:3:3-tetramethyl-[0, 1, 2] <f2C^c2opentan-4-ol-5-one (Jngold 
and Shoppes), 389. 

CioHisOs Methyl 1-acetylcycfopentane-l-acetate (Bardhan), 2601. 

Substance, from oxidation of a-phellandrene (Henry and Paget), 77. 

CioHi604 c^cloHeptylmalonic lacid (Vogel), 2025. 

cc-Methy]c^ei^pentane-I;l-diaGetio acid, and its silver salt (Bardhan), 2597. 
CioHieOs Methyl hydrogen Ty-dihydmxy-occ^iS-tetramethyJglutarate lactone (1n- 
GuiiD and Shoppee), 406. 

CioHigOt d-Care«e-J5-glycol (Pillay and Simonsen), 362. 
Methoxy»2:2:3:3-tetramethyl<^e^cpentanone (Ingold and Shoppee), 402 ; (Shop- 
PEB), 1670. 

GjtoHisOs Ethyl aiSiS-triniethyl-lsevulate (Bardhan), 2613. 

GioH2oOa Ethyl i8-hydroxy-flwj3-trimetbyl-»-valerate (Bardhan), 2615. 
»-Octyloxyacetlc acid (Rule, Hay, and Paul), 1357. . 

10 m 

CioH203Gla 5:7-Dichloro«6-hydroxy-2:4-bisdichlorom6thylene-l:3«bdizdioxin 
(Chattaway and Calvet), 2918- 

C10H4O8GI8 5:7 -Dichloro-6-hydroxy-2:4-bistrichloromethyl-l:3-benzdioxin 
(Chattaway and Calvet), 2918. 

CioHeN2Bp4 2:8*Di(«-dibroinomethyl)quinoxalme (Bennett and 'Willis), 1974. 
Cio&6S2Ni Nickel l:8-dithiolnaphthalene (Price and Smiles), 2374. 

GioHfOBr S-Bromo-jS-naphthol (Olbmo and Spence), 2819. 

CioH80sGi4 5-Garboxy-2-methoxy-l-a/3^i3-tetrachloroethylb6nzene (OUTTAWAY 
and Calvet), 2915. 
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C10H8O3BF2 Dibromo-S-methoxycinnamic acid (H. and W. Davies), 604. 
C10H8O5S2 l-Sulphinonaphtbaleue-S-salpbQnic acid, and its sodium salt (Paice 
aud Smiles), 2373. 

CioHsNCl 2-0hloro-6-metbylqainoline (Hamee), 210. 

C10H9OGI 3-Chlornstyryl methyl ketone (Hbilb&on and Hill), 2868. 

C10H9O2N3 3:4-Difoimamidohenzyl cyanide (Phillips), 2396. 

CioHgOsN Indozylacetic acid (Jachson and Kennee), 580. 

C10H9O3BF 6-Bromo-3-ineth.oxycinnamic acid (H, and W. Davies), 608. 
CX0H9O4GI3 6-Carhoxy-2-methoxy-l -jSjSjS -trichloro-a-h.ydroxyethylbenzehe (Ohatt- 
AWAY and Oalvet), 2915. 

G10H9O5N p-Nitro-w-acetoxyacetophenone (Bradley and SoHWAEzmBACH), 2907. 
GxoHgNIs 2-lodoqamoline metbiodide (Hamer)» 209. 

C19H10O3BF8 Etbyl ftw-dibromo-p-toluate (Titley), 2681. 

Safrole dsbromide (Bead and Eeio), 1490. 

G10H10O3N2 8-Acetylamino-3-hydroxy-l:4-benzwooxazine (Balaban), -3070, 
Acetylamino-3-hydroxy-l:4-benz?sooxaziues (Newbeey and Phillips), 3048. 
C10H10O5N2 dZ-p-Nitrobenzoylalanine, resolution of, and its salts (Colles and 
Gibson), 99. 

CioHioO^Na 2 -Nitro-4*acetamidoplienoxyacetic acid (Newbery and Phillips), 
3049. 

CioHuON 4-Phenyl-2-pyrrolidone (Jackson and Kenner), 1659. 

GxoHxiOgGl Ethyl «-chloro-w-tolnate (Titley), 2.^82. 

C10H11O2BF Ethyl «-bromo-p-toluate (Titley), 2581. 

CioHxiOsN 6 •Nitro-3-ethoxy-p-toluic acid (Chattaway and Oalvet); 1093. 

6-Nitro-S-methoxy-4-ethoxybenzaldehyde (Barger and Silbebschmidt), 2927. 
CxoHiiOsNa 2:3-Dinitro«4-acetamidoethylbenzene (Brady, Day, and Allam), 
9«1. 

€xoHiiO«N 5-Nitro-2-ethoxymandelic acid (Chattaway and Morris), 3244. 
CioHi204Ni Methyl ethoxynickelosalicylate (Doak and Packer), 2763. 
CxoHiaOsN4 2:4:6-Trinitro-5-aminoresorcinol diethyl ether (Fldrschsim and 
Holmes), 3045. 

GioHisOCl p^Ghlorophenyl isobutyl ether (Bradfield and Jones), 8081. 
GxoHxsOaH 7-Amino>iS-phenylbutyric acid, and its hydrobromide (Jackson and 
Kenner), 1659. 

l-Cyano-2:2:S:3^tetramethyI-[0, 1, 2]-dicyc^pentan-4-ol*5-one (Ingold and Shop- 
pee), 388. 

CioHisOaNs Aminodiacetylpbenylenediamines (Phillips), 175. 

GioHxsOsN jS-Amino-a-hydroxydihydroisosafrole, and its hydrochloride (Read 
and Kbip), 1491. 

Nitro-4 -methyl benzyl ethyl ethers (Incold and Rothstbin), 1279. 

GioHxaOaBr Bromo*a-methylcycfopentane-l jl-dxacetic anhydride { B ardhan), 2598. 
CiaHi40aN2 2-Nitro-4-ainino-terA-bntylben2ene (Shobsmith and Maokib), 2337. 
OxoHxiOeMo Molybdyl bisacetylacetone (Morgan and Castbll), 3268. 
G10H14NBF 2-Bromo-4-amino-ierA-bntylbenzene, and its hydrochloride (Shoe- 
smith and Maokis), 2339. 

G13HX4CI2S11 Phenylrw-bntylstannic chloride (Kipping), 2371. 

C10H15O2H Ethyl r-cyc^opentylcyanoacetate (Vogel), 2021. 
^-Hydroxy-jS-p-pethoxyphenylisopropylamines, and their salts (Read and Reid), 
1489. 

a-Methylcycfopentahordiacetimide (BArdhan), 2598. 

CioHxsOaBr Methyl derivative of l-bromo-2:2:3:S-tetramethyl-[0, 1, 2]-di(!wcio- 
pentan-4-oI-5-one (iNctOLD and Shoppie), 387. 
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C 10 H 15 O 4 S < 2 -Camplioisulplioiiic aeid, triethylenediammenickol salt (Bfcknall 
aud Wabblaw), 2742. 

CioHi«OaBF2 Dibroino-5-methozy-2:2:3:3>tetram6thy%0Zbpentanoxie (Shoppee), 
23*53. 

GioHifONs (^e7(>Hezylideneacetone semicarbazone (Diceins^ Hugh, and Eon), 
1336 

G10H17OGI Hydrozycblorocarane (Pillay and Simohsen), 364. 

CioHx?OAs Benzyltrimetbylarsoninm hydroxide, picrate of (Ihgolb, Shaw, and 
Wilson), 1283. 

C10H17OP B«»nzyltrimetbylphosphoninm hydroxide, picrate of (Ingold, Shaw, 
and Wilson), 1*283. 

C 10 H 17 O 2 N 3 3:3:4:4<TetramethyIcyc2opentane-l:2-dione semicarbazone (Inoold 
and Shoffee), 396. 

G 10 H 17 O 8 N a-Metbyl*A^-(^cZopentenylac 6 tone semicarbazone (Bardhan), 2604. 
o^Methylc^^opentylideneacetone semicarbazone (Babdhan), 2603. 

CioHitOsNs 1-Acetyl^c/opentane-l -acetic acid semicarbazone (Bardhan), 2601. 
Ethyl zsopropylideneaeetoacetate semicarbazone (Jttpp, Eon, and Lockton), 
1642. 

CiqHuONs Tetramethylc^cZopentanone semicarbazones (Ingold and Shopfee), 
398. 

CioHiftOsTl Ethyl thallium diethylacetoacetate (Menzies, Sidgwice, Gutcliffe, 
and Fox), 1290. 

CioHxoCliTe l-e-Ohloroamylc2<cZotelluripentane 1 -chloride (Morgan and Bur- 
gess), 325. 

CioHsoBPfiTe 1-c-Bromoamylo^eZotelluripentane 14)romide (Morgan and Bur> 
gesh), 326. 

GioHzoIsTe 1-e-Iodoamylc^eZotelluripentane 1 -iodide (Morgan and Burgess), 

8z8. 

GioH^OaS Etbyl-n-octylsulphone (Fenton and Ingold), 8129. 

10 IV 

GioHsOaNCli 6-Amino-2;4-hisdichlorometbylene“l!3-ben2dioxin (Ohattaway and 
Calvbt), 1091, 

CioHsOeNiOls 6;8-Dinitrodiehloromethylchloromethylene-l:3-benzdioxin (Chatt- 
away aud Morris), 3246. 

CioHeOiNCld 6-Nitrodichloromethylchloromethylene4;S-benzdioxin (Chattaway 
and Morris), 8243. 

CioHeOsNsGU 6:8-Binitro-2:4-bisdiehlojomethyI-l:3-benzdioxin (Chattaway and 
MohRis), 2345. 

GioH702Gl4Br 6-Bromo-2;4-bi8dichlorometbyl-l;8-benzdioxin (Chattaway and 
Morris), 3245. 

CioH 702 lS l-IodoDapbth8lene-2-snlpbinic acid (Barber and Smiles), 1 145. 

C10H7OSIS l-IodonaphtbaIene-2-&n1phonic acid (Barber and Smiles), 1144. 

C10H7O4NCI4 6-Nitro-2;4-bisdichloromethyl-l:3-benzdioxin (Chattaway and 
Morris), 3243. 

C10H7O4CI5S 2:4-Bisdicbloromethyl-l:3-benzdioxin-6-sulphonyl chloride (Ghatt- 
AWAY and Morris), 3246. 

Ox.H gONsCls Chloral a-aeetyl-2:4:6-trichlorophenylbydrazone (Chattaway and 
Daldy), 2759. 

C10H8OSN3CI4 Ethyl glyoxylate <tf-chloro-2:4;6-tiichlorophenylbydrazone (Chatt- 
awat and Daldy), 2761. 

CioH 80*N8BF4 Ethyl glyoxylate «-bromo-2;4:6-tribromophenylhydrazone (Oha^ 
AWAY and Daldy), 2762. 

CX0H8O5CI4S 2:4-Bisdich1oromethyl-l:S-benzdioxin-6-snlphonic acid, and 'it^ 
ammonium salt (Chattaway and Morris)^ 3245. 
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CioHsOjNCli 6-Amino-2:4-M8dichloromethyM;3-benzdioxiii, and its hydro- 
chloride (Ohattaway and Morris), 3244. 

CioH^OaNaCIs Ethyl glyoxylate 2:4:6-trichlorophenylhydrazone (Ohattaway and 
Daldy), 2759. 

CioHaOaNaBPs Ethylglypxalate 2:4:6-tribroinophenylhydrazone (Ohattaway and 
Daldy), 2762. 

CioHaOaNIa 3;5-Di-iodo-4-acetainidophienyl acetate CHunter and Barnes), 
2067. 

CioHioONgS l-Acetamido-S-methylhenzthiazole (Httnter and Styles), 8022: 

l-Iinino-2-aoetyl-3-methyl-l;2-diliydrobenztihiazole (Hunter and Styles), 8022, 

CioHio 02N2S Benziininazolyl-2-«-tbiolpropionio acid (Stephen and Wilson), 

U20. 

GioHiqOsKBp S-Broxnomethylacetylanthranilic acid (Hbxlbbok, Holt, and 
Kitchen), ,941. , 

CtoHiiONCU Acetyldichloro-o-Eylidines (HiNRELi Aylino, and Bevan), 1877. 

CioHijOsNS iB-Oyanoethyl toluene-^?-stilphonate (Clemo and Watson), 726. 

GioHii04NaAs 8 5-Diacetamido-2-liydroxyphenylar3enoxide (Newbery and 
Phillips), 2878. 

GioHiiOsNsAs Acetainidohydroxy-l:4'benzi8eoxazine-6-aisinic acid (Newbery, 
Phillips, and Stigeings), 3058. 

8- Acetamide- 3-bydrozy-l;4-^itzi8<90zazinear8inic adds (Balaban), 3069. 

GioHi202NBr 2-Bromo-4-nitio-fer^.-bntyIbenz6ne (Shoesmith and Mackie), 
2339. 

GioHi 205 NAs 8-Hydrozy*2-etbyl-l:4-benziaoozazine-6-arsmic acid (Newbery, 
YHiLLiPs, and Stigeings), 3063. 

CiftHw02N2As 8-Glycylamino-3-hydroxy-l;4-benzwooxazine-6-ar8inic acid (New- 
BBRY, Phillips, and Stiokings), 8060, 

C10HX2O7NAS 2-A«‘etaroidophenoxyacetic acid 4-ar8inic acid (Newbery, Phil- 
lips, and Stigeings), 8054. 

CioHxsONS 2:4-Dimethylthiolacetanilide (Hodgson and Handley), 164. 

G10H1SON2OI Ghloroacetamidodimethylanilines (Oleho and Smith), 2420. 

CjoHi80N2Br 4-Bromo-2-acetamidodimethylaniline (Clemo and Smith), 2421. 

C20H12O5N2AS 3:5-Diacetamido-4-hydrophenylar8inoas acid (Newbery and 
Phillips), 2378. 

C10H18O4N2AS 2-AG6tainidopbe&ozyacetamide 4-arsinic acid (Newbery, Phil- 
lips, and Sticeings), 8055. 

2:4^Diacetamido-3-hydrczyplienylarsinic acid (Balaban), 812. 

3:5-Diacetamiuo-2-hydroxyphenylar8inio acid (Newbery and Phillips), 2376. 

8-8- Hydroxjethylamiuo-B-bydroxy-l :A~benzzsooxaziDe~6-‘arBinic acid (Newbe ry, 
Phillips, and Sticeings), 3062. 

CioHi 207N2 As 4*«0-Hydrpxyac6tamido-2->acetamido-3-hydroxyphenylaTsinic acid 
(Balaban), 8070 

G12H12ONI ^bimethylaminobenzyl methiodide (Clemo and Smith), 2425. 

GioH]ft02NAs ^-Nitrobeuzyltrimethylarsoninm hydroxide, picrate of (Ingold, 
Shaw, and Wilson), 1285. 

C10H16O2NP Nitrohenzyltrimetbylphosphoninm hydroxides, picrates of (Inoold, 
Shaw, and Wilson), 1284. 

10 V 

Cit,H«Q2NCl8Bp 7-Bromo-6-amino-2:4-bistricliloromethyl-l :3-benzdioxin (Ohatta- 
WAY and Oalvet), 1091. 

Cx<|H 802G1IS l-lodonaphthalene-2-sulpbonyl chloride (Barber and Smiles), 
1145. 

G10H7O2N2GI4BFS 2:4-Bisdichloromethyl-l:3-henzdioxm»6-diazoniam perbromide 
(Chattawat and Morris), 3245. 
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CioHsOsNqCIBFs Ethyl glyoxylate w-chloro-2:4:6-ti*ibromophenylhjdrazon6 

(Chaitaway and Daldy), 2762. 

CioH 802N2C1 sBf Ethyl glyoxylate »-bromo-2:4:6*trichlorophenylhydrazone 

(Chattaway and Daldy), 2761. 

CjoHaOsNClBF Oiilorobromoaoetamidophenyl acetates (Hunter and Barnes), 
2060. 

CioH^OsNCIlI Ohloroiodoacetamidophenyl acetates (Hunter and Barnbs), 2061. 

GioHsOsNBfI Bromoiodoacetamidophetiyl acetates (Hunter and Barnes), 2062. 

C10H9O4NGI4S 2 :4- Bisdichloroinethyl-l :3-benzdioxin-6-sn}phonamide (Ch attaway 
and Morris), 8246. 

GioHioON 2 Br 4 S l<Acetamido-3-methylb6nzthiazole tetrabromide (Hunter and 
Styles), 8022. 

GioHioON 2BP6S l-Acetamido-S-methylbenzthiazole hexabromide (Hunter and 
Styles), 8022. 

CioHuON 2 BFsS l-Ixiamo-2-acetyl-3-]nethyl-l:2*dihydrobenzthiazole tribromide 
(Hunter and Styles), 3022. 

Cu Group. 

CjiHioO. l-Ketohydrindene-S-acetic acid (Jackson and Kenner), 577. 

GuHio 04 3:4-Dihydroconmann*4-acetic acid (Seshadbi), 169. 

CiiHioOe p-Carboxybenzylmalonlc acid (Titley), 2581. 

G11H12O l*Keto-2-methyltetrafaydronaphthaleBe (Titley), 2578. 

OiiHi2d2 4-Hydroxystyryl ethyl ketone (McGookin and Sinclair), 1173. 

CUH12O4 jS-Carboxyphenylisobutyric acids (Titley), 2577. 

Pheuylene-l-acetic-a-propionic acids (Titley), 2580. 

C 11 H 12 O 5 2;5-DimethoxyphenylpyruYic acid (Gulland and Virden), 1482. 

Hydroxyphenylglntaric acid (Seshabri), 169. 

C11H12N2 3:):5:6-Tetrahydro-4-carboline (Ashley and Robinson), 1376. 

GiiHxsN Tetnahydropentindole (Plant and Rippon), 1911. 

C11H14O2 o-2eri.-Bntylbenzoic acid (Seoesmith and Magkie), 2330. 

GiiHuOa 8:4-Dimethoxy-6-ethylbenzaldehyde (Barger and Silberschmidt), 
2925. 

6-Methoxy«3-ethylphenylacetic acid, and its sodium salt (Gulland and Yirbek), 
931. 

C11H14O4 3:4-Dimethoxy-6-ethylbenzoic acid (Barger and Silberschuidt), 
2925. 

Methyl 5-c2/c7opentane5j9trcdic^cZopentan-4-ol-3-one*l-carboxylate (Goss), 1609. 

a:3:5-Trimethoxyacetophenone (Robertson, Robinson, and Sugiuba), 1535. 

C11H14O5 4-Hydroxy-»:3:5-trimethoxyacetophenone (Bradley and Robinson), 
1667. 

(tf-Hydroxy-3:4:5'trimethoxyacetoph6DonGi (Bradley and Robinson), 1551. 

C11H14N2 4-Aminoinethyl-l-methyl-3j4-dihydrowoqniholine, and its hydrochloride 
(Jackson and Kenner), 1659. 

CuHie02 Acetyl derivative of 2:2;8:3-tetramethyl-[0, 1, 23-dttJyc&pentan-4-ol-5- 
one (Ingold and Shoppee), 889. 

GuHiftNs a- and i3-2:3:7-Trimethyl-l:2:8:4-tetrahydroq^ainozaline8, resolution of 
and their salts (Gibson, Jutland, and Simonsen), 108. 

CixHisOa 5-Acetozy-2:2:3:3-tetramethylcycZopentanone (Ingold and Shoppes), 
397. 

CuHit04 )3-cycZaHexylglutaric acid, and its silver salt (Sircar), 56. 

aisK_ . . 

Kenner), 1659. 

GiAoOs AUyl octoate (DeuIoteu), 528. 
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CiiHgoOa Propyl tartrates, rotatory dispersion of (Austin), 1882. 

11 m 

CiiH»OBf 3-Bromo*2-methoxynaplitlialene (Olbmo and Spjsnoe), 2818; 

C11H9OI 8 -Iodo-2-inethozynaplithalene (Clbmo and Spsnob), 2819. 

GiiHaOeN 6-Nitro-3:4-dlhydrocoumarln-4-ac6tic acid, and its disilver salt (Se- 
SHADEI), 171. 

Ci].HxoOsCl2 jS-Phenylglutaryl' chloride (Jackson and Kenner), 578. 

GiiHixON l:6-DimethyL2-qninolone (Hamer), 209. 

2-Methozy-8-naphthylaznin6 (Clemo and Spence), 2818. \ 

CiiHiiOsN 7:8-Dixnethozycarbo8tyril (Gullanb and Yirden), 982. 

O-Methylmdozylacetic acid (Jackson and Renner), 580. 

GiiHixO«Gl Ethyl j9*chlorobenzoylacetate (Burton and Inqolu), 920. ^ 

CuHuOJI 6-Nitro-2-ethozy-jp-tolylglyoxylic acid (Chatta'Wat and Calvbt),1098. 
GiiHixOsGl O-Acetylsyringoyl chloride (Bradlek and Robinson), 1551. 
C«HuO«N ^m7ia-2-Nitro-8:4-dlmethozycinnamicacid (Gullanb and Yirben), 982. 
CiiHuNl2 2-Iodo-6-methylqTnnoline methiodide (Hamer), 210. 

2-IodoqumoUne ethiodide (Hamer), 209. 

GxiHuOsNs l-2-Pyrrolidone-6-carboxyanilide (Gray), 1266. 

CxxHxsOiN 2-Amino-8:4*dimethozycinnamic acid, and its hydrochloride (Gullanb 
and ViRDBN), 982. 

CixHxsO^N Me thylopianic oximes (Bbaby, Baker, Goldstein, and Harris), 586. 
CiiHxsO«N Dimethyl hydrogen 8-ainino-l-methyldicycZopentene-2:4:5-triGarboxyl- 
ate (Goss and Ingolb), 1275. 

5-Nitro-2*ethoxy-4-methylmandelic acid (Ohattawat and Oalybt), 1093. 
CxxHxaNsI Dimethylquinoxaline metModide (Bennett and Willis), 1976. ^ 
0xxHi4NaS l-Ti-Propylamino-S-methylbenzthiazole (Hunter and Styles), 8026. 
CiiHisON 7-Imino-y-ethoxy-a-phenylpropane, hydrochloride of (Clemo and 
Watson), 728. 

CxiHisOtNs O-Methoxy-S-ethylbenzaldehyde semicarbazone (Gullanb and Yir- 
DBN), 980. 

CxiHiftOsCI Acetyl derivative of l-chloro*2;2:3:84etraniethyl-[0, 1, ^l-dUyclo- 
penTan-4-ol-5-one (Ingolb and Shoppee), 408. 

C^uHte0sN4 /8-Phenylglatardih;dTazide (Jackson and Renner), 1658. 

CX1H14O4N4 3-Methyl-5*pyrazolone-l-carboxy-a-c4rbethoxyiwpropylidenehydrazide 
(MtTNRO and Wilson}, 1260. 

CxxHi4NtS s-o-Tolyl-i^-propylthiocarbamide (Hunter and Styles), 3026. 

Ethyl r-c^2ohexyleyanoacetate (Yogel), 2028. 

C„H„ OsNg A^-C3/c2oHexenylacetoac6tic acid semicarbazone (Jupp, Ron, and 
Lockton), 1640. 

G11HX7O5EF Ethyl a-bromo-a-acetylglutarate (Clemo and Welch), 2626. 
GxiHxgONg ^Carene oxide semicarbazone (Pillay and Simonsen), 363. 
GiiHxgOsN 5-Acetoxy-2:2:3:8-tetramethylc^c?opentaneoxime (Ingolb and Shop- 
pee), 1871. 

GxxHx^OsNg Methyl 1-iwetylc^oZopentane-l -acetate semicarbazone (Barbhan), 
2601. 

G1XH19O4N Ethyl a-(a'-aminoethylidene)glutaTate (Clemo and Wilson), 2627. 
CixHsftOsNg i8-(^cZ&Hexylglatardiamide (Sircar), 56. . 

CxiHsiON Acetyltetramethylcyc^opentylamines (Ingolb and Shoppee), 394, 399 ; 
(Shoppee), 1670. 

11 IV 

CixH704N01« 6-Hitro-7*methyl-2;4-bistrichIoromethyl-l;8-benzdioxin (Chatt- 
AWAY and Calyet), 1092. 
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11 IV-12 II 


C11H7O8N4OI Ethyl 2;4-triiiitrophenyIchlorocyanoac6tate (Faibsottbne and Faw- 
son), 1080. 

GiiHioOsGUS Methyl 2:4-bisdichloTomethyl-l:3-benzdioxia-6-sQlphonate (Chatt> 
AW AT and Mobeis), 3248. 

G11H10O7N3GI Ethyl 2:4-dmitrophenylchloroiDalonamate (Faibboukne and Faw- 
son). 1078. 

G11H11O2N2BP l-2-Pyrrolidone-6-carboxy-p-bromoanilide (Geay), 1266. 

CHH12ON2S Aoeryl deriTative of l-meEhylaniino-3-methylbenzthiazole (Hixntke 
a d SiYLEs), 3025. 

G11H12O2N8S Benziminazolyl-2-a-thiol-9E-bntyric acid (Stephen and Wilson), 
1419. 

G11H12O2NCI Diacetyl deriTatiye of 3-chioro-2»aminoanisole (Hodgson and £ee- 
KHAW), 192. 

GiiHisOsNHs S-Acetozymercariaceto-p-tolnidide (Bell), 2778. 

GiiHi 3N2 BfS 5-Btoino-l*n-propylamino-8-m6thylbenzthiaz6Ie (Hunter and 
Styles), 3026. 

G11H14N3BP2S 5-Bromo-l-9i-propylainmo-3-methylbenzthiazole hydrobromide 
(Hun f BE and Styles), 3026. 

GiiHi4N2Br4S l-n-Propylamino-S-methylbenzthiazole tetrabromide (Hunter and 
Styles^, 3026. 

GiiHisOaNSs iS-Dithian monoxide ^'-T^-tolnenesolphonylimine (Bell and Bennett), 
92. 

GhHisN 2 BpS 5-5-Bromo-o-tolyl-?i-propylthiocarbainide (Hunter and Styles), 
3026. 

l>9irPropylamino-3-methylbenzthiazole hydrobromide (Hunter and Styles), 3026. 

GiiHi 7 NC^As Z-a-Phenylethylaminopropyldlchloroarsine hydrochloride (Gough 
and King), 2443. 

0 iiH 2805 NAs y-3-*C!arbethoxypiperidinopropylarsiaic acid (Gough and King), 
2446. 

CX1H24O3NAS 7-2:2:6>Trimethylpiperidinopropylar5iidc acid (Gough and Xing), 
2445. 

G11H24O4NAS 7-4-Hydroxy-2:2:6-trim6&ylpiperidinopropylar3inic acid (Gough 
and King), 2444, 

11 V 

G11H14O7N2GIAS 3'’O0>Ohlorocarbethoxyammo-5-acetainido-4-hydroxyphenylai8mic 
acid (Hewbbky, Phillips, and Sticeings), 3064. 

Cw Group. 

G12H7CI3 Tiiehlorodiphenyls (Hinhel and Hey), 2791. 

G12HSS2 Diphenylene 2;2'-disalphide (Barber and Sbiiles), X146. 

Gi 2 Hio 02 2-Phenyl'6-methyl-4-pyron6, and its salts (Gibson and Simonsen), 
2307. 

Gi 2 Hxo 03 Methoxyn’aphthoic acids (Beetscher, Rule, and Spence), 1500. 

Gi 2 HigG 12 3;5-Dlchloro-l-phenyI-A2:4.<^c^h(‘XHdiene (Hinebl and Hey), 2789. 

G12H10S2 2:2'-picliioldiphenyl (Barber and SaiiLSS), 1146. 

€x 2 Hi 203 Methyl l-ketohydrindene-3-acetate (Jackson and Kenner), 578. 

G12H12O4 jB-j^Methoxypheuylglntaric anhydride (Jackson and Kenner), 1660. 

7-Methyl-3:4-dihydrocomnarin-4-acetic acid (Sbshadri), 1701 

GxsHxsOs . 3:4-Dimethoxy-a-methylhomophthalic anhydride (Eoepfli and Perkin), 
2^98. 

Ci 2 Hi 203 Diacetylgallacetophenone (Perkin and Storey), 242. 

3:4-DimethoxybenzylidenemaIoniG acid (Jackson and Kenner), 1661. 

Gx 2 Hi 2S2 l:8-DimethyldithiolnaphthaIene (Price and Smiles), 2374. 

3398 



12 11-12 III 


PORJIULA INDEX. 


Hydroxystyryl propyl ketones (McGookin and SiNCLAin), 1176. 
CiaHi403 6;6-Dimethoxy-3-methyl-l-kydrindone (Koepfli and Perkin), 2996, 
Ilwthoxystyryl ethyl ketones, hydroxy- (McGooein and Sinclair)^ 1174, 
Ci«Hi 404 7-o-Carboxyphenyl-a-niethyIbntyric acid (Titley), 2678. 
6-Methoxy-3-ethylphenylpyruvic acid, and its sodium salt (OulIiAnd and 
Virden), 930. 

Methyl carboxyphenylpropionates (Titley), 2581. 

• Methyl phenylehediacetates (Titley), 2579; * 

i8- Veratrybrotonic acid (Koepfli and Perkin), 2996. 

CiaHiiOs iB-p-Methoxyphenylglutaric acid (Jackson and Kenner), 1660/ 
iS-p-Methyl-o-hydroxyphenylglutaric acid (Sbshadri)^ 170. 

Ct 3 Hi 407 Methyl 5-methyU&ycIopenten-3-ol-l:2:4-tricarboxylat0 (Goss and In- 
gold), 1272. 

CiiHisN Hexahj^roquinidenes (Perkin and Plant), 644. 

8-Methyltetrahydropentindole, and its salts (Plant and RipponJ, 1912. 

CuHioOs Butyl I-niandelates, rotatory dispersion of (Wood, Chrzsman, and 
Nicholas), 2180. 

C12H14O4 3:4oDimethoxy-6-ethylphenylacetiG acid (Barger and Silberschmidt), 
2926. 

i3-Veratrylbutyric acid (Koepfli and Perkin), 2996, 

e^eZoE[exane^^^>4-znethyle2/oiohexane-3:5-dione (Dickins, Hugh, and 
Kon), 1636. 

CX2H18O4 Ethyl ester of a-hydroxy-o-methylcycZopentane-hl-diacetolactone 
(Bardhan), 2598. 

CisHigO, tt-Phenylglucoaide hydrate (Hiokinbottom), 8147. 

CigHigOg Ethyl diacetyltartrate (Findlay and Campbell), 1772. 

Methyl dipropionyl tartrate (Find^^y and Campbell), 1773. 

CxaH8o04 Ethyl l-carboxycycZopentane-l*acetate (Yogel), 2022. 

CxaHaoOs Ethyl a-zsopropylaoetonedicarboxylate (Hariharak, Msnon, and 
SiMONSEN), 435. 

OxaHs^s Ethyl i^-hydroxy^a-fsopropylglutarate (Harlecaban, Menon, and Simon- 
SEN), 486. 

Cx,H„0. Butyl tartrates, rotatory dispersion of (Austin), 1833. 

CxaHaaOa Iiigenin trimethyl ether (Baker), 1028. 

Cx.H, 40, Laniio acid, potassium salt, hydrolysis in solutions of (McBain and 
Eaton), 2166. 

IJi*Ha408 11-Hydroxydodecoic acid, and its magnesium salt (Buattaoharta, 
Salktore, and Simonsen), 2679. 

OiaHa«Na Tetraethylpiperazine, salts of (Gough and King), 2438. 

12 III 

CxaHe OiClg 5:7-Dichloro-6-acetoxy-2 :4-bistrichloromethyl-l :3-benzdioxin (Ghatt 
away and Calvet), 2918. 

GxaHfNaCl 2-GhlornpWazine (McCombie, Scarborough, and Waters), 3.’)6. 
CxaHTNgBP 2-BromopheDazine (McCombie, Scarborough, and Waters), 856. 
Cx,H.OBp, 4:5-Dibromo-8-hydroxyd2phenyl (Hinkel and Hey), 1203. 

GigHgOS Phenoxthionine (Drrw), 519. 

CxaHgOSe Phenoxselenine (Drew), 521. 

CigHgOTe Phenoztellurine, deteiminatioa of, in tellurylium compounds (Drew' 
509. 

CxiHgOgS Phenoxthionine oxide (Drew), 520. 

GiaHgOaSe Phenozselenine oxide (Drew), 522. 

C„H,0,S, Diplieiqrlnie SrS'^disTtlphozide (Baxbes and Sums}, 1148. - 
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12 III 


CiaHsOftS Phenoxtbionine dioxide (Dbbw), 520. 

Ci2Hg06N4 3:5:4'-Trinitro-2-aminodiph<fiiyl (Bell), 2775. 

CiaHgNaCls 4:4'-DicMoroazobenzene (Bubns, MgCombie^ and Scaeborouoh), 
2983. 

CiaHgNaBFg 3:5-DibromoazobeBzexie (Bubks, McOombie, and Scabbobotjgh), 
2936. 

CiaHglaSa Di-2-iodopbenyl disulphide (Babbeb and Smiles), 1144. . . 

CiaHaOBr 5-Bromo-3-bydroxydipbenyl (Hiekbl and Hey), 1203. 

Ci2Ha04N 3:4-Dibydrocoumarin-4-cyanoacetio acid (Seshadbi), 169. 

Ci 2H904N3 Dinitroaminodiphenyls (Bell), 2774. 

Ethyl ^nitrophenyldicyanoacetate (FLtiBscHEiM and Holmes), 2240. 

CiaHgOsNa 6-Nitro-3:4-dihydTOCOiunarm-4-cyanoacetamide (Seshadbi), 170. 

CiaHgNCla Dichloroaminodiphenyls (Hineel and Hey), 2790. 

CiaHgNaBFa 3:5-Bibroino-4-ammoazobenz&n6 (Burns, McCombie, and Scab- 
bokough), 2935. 

CisHioOgNg Ethyl phenyldicyanoacetate (Flurscheim and Holmes), 2237. 

5-Nit ro-2-aniinodiphenyl (Bell), 2774. 

C12H10O2S Diphenylsulphone, parachor for (Freiman and Suoden), 268, 

CiaHioOsNg 3:4-Dihydroconmarin-4-cyanoacetaniide (Seshadri), 168. 

CigHioOsSe Phenoxselenine dihydroxide (Drew), 522. 

G12H10O4S2 Biphenyl-4:4'^disulphiuic acid (Barber and Smiles), 1148. 

C12H10O5N2 «-Biazo-3;4-diacetoxyaeetophenone (Bradley and Schwarzenbaoh), 
2907. 

C12H10NBF 5-Bromo-3-aniinodiphenyl (Hineel and Hey), 1839. 

CigHxoNgBPg 2:6-BibromobeDzidine (Burns, McCombie, and Scarborough), 
2936. 

6!4'-Dibroiao-3;4-diaininodiphenyl (Hinkel and Hey), 1840. 

3:5-Bibroinohydrazobenzene (Burns, McCombie, and Scarboeouge), 2936. 

CiaHioNsOl 3-Chloro-4-aniinoazobenzene (Burns, McCombie, and Scarborough), 
2935. 

CuHiiOBf S-Bromo-l-phenyl^A^-c^cZohexen-S-one (Hinkel and Hey), 1202. 

GigHiiOBrs 4:5:5-Tribromo-l-pheny1e|fe^hezan^3-one (Hinkel and Hey), 1202. 

Ci 2 Hii 02N3 3-Nitrobenzidine (Le FJeyke and Turner), 253. 

C12H11O3N3 6-Amino-3:4-dih7drocoumarm-4-cyahoacetamide (Seshadri), 171. 

C12HUO4N woNitroao-derivative of methyl l-ket6hydrindene-3-acetate (Jackson 
and Kenner), 578. - 

C12H11O5BF 6-Bromo-8:4-dimethozy*a-methylhomophthaIic anhydride (Koepfli 
and Perkin), 2998. 

C12H11O5CI a>-Chloro-3:4-diacetoxyacetophenone (Bradley and Sohwarzenbach], 

. 2908. 

GiftHuNASs 4-Ammoarsenobenzene,and its hydrochIonde(NEWBERYandPHiLLZES}, 

120 . 

GisHuNSe 4-Aminodiphenyl selenide, and its hydrochloride (Gaythwaite, KsN'^ 
YON, and Phillips), 2290. 

GuHuNgCI 2-Chlorobeuzidine (Burns, McCombie, and Scabbobougb), 2935. 

Ci2HiiN2Br 4^*Bromo-2-amino<liphenylamine (McCombie, Scarborough, and 
Waters), 356, 

6-Ainino-3:4-dihydroconmaiin-4-carbamylacetic acid, and its hydro- 
chloride (Seshadri), 172. 

Gi 2 Hi 302N Acelyl derivative of 4-phenyl-2-pyrrolidon6 (Jackson and Kennibr), 
1659. 

GtaHisOgNs l-Ketohydri [ndene-3-acetic acid semicarhazone (Jackson and Kenner), 
578, 
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CmHisO sBr 4-Bromo-6:7-dimetlioxy-8-metliyl-l-hydrmdoi)e (Koepfli and Bsu- 
KiN). 2997. 

C12H13O4N isoK‘itroso-5:6-din]LetbLOxy-8-methyl-l-liydriadone (Kokpfli and Per- 
kin), 2997. 

0 i 2 Hi 403N2 75-Diketoliexoic acid 7-plienylhydrazone (Clemo and Welch), 2627. 
Cx 2 Hi 405N2 Ethyl ^nitrobenzoylakninps (CoLLEs and Gibson), 107- 
GisHxsON A<^Hexenanilide (Golobero and Linstead),. 2351. 

Methylpnntenoie anilides (Goldberg and Linbtead), 2353. 

GiaHisO^’n Thallimn dimethyl benzoylacetoae (Menzies, Sina'vv’iCK, Ootoliffe, 
and Fox), 1290. 

C12H15O3N 6:6-Dimethoxy-8-iii€thyl-l-hydrindone oxime (Koepfli and Pbbkin), 
2997. 

CiaHisOsCI* Parabutylchlorals (Chattaway and Kellett), 2712. 

CUH15O4BF €-Bromo-iS-veratrylbutyric acid (Koepfli and Perkin), 2997. 
CiaHisOsN Methyl 8*amino-l-methyIdicyc?apenteQe-2:4:5-tricarboxylate (Goss and 
Ingold), 1274. 

Methyl 3-methyl-l:2-dicarbomethoxyc2/c?npropane-3-cyanoacetate (Goss and In- 
gold). 1273. 

CiaHieOsS E-Carbethoxyethyl toluene-j>.sul|>honate (Clemo and Watson), 727. 
CiaHi702N Ethyl c?/cZoheptylidHnecyaimacetate (Vogel), 2024. 

CiaH^OaKa Aldehydomethylisopropylphenol semicarbazones (Bell and Henry), 
2*219. 2221. 

CxaHi704Na «:8:5«Trimethoxyacetophenonesemicarbazone (Robertson, Eobinson, 
and Suguira), 1536. 

GiaHxaOaNft Thymoqnuione disemicarbazone (Henry and Paget), 80, 

0xaHi8OaN4 iS-p-Methoxyphenylglntarie dihydrazide (Jackson and Kenner), 

1660. 

CiaHxgOeMo Molybdyl blspropionylacetone (Morgan and Castell), 8254. 
CxaHxaOaN Etbyl r-cj/cZoheptylcyanoacetate (Vogel), 2025. 

CxaHax04CI Ethyl iS-chloro-a-isopropylglntarate (Habiharan, Menon, and 
Simonsen), 436. . ^ . 

12 IV 

CxaHeOsNCla 2:3:5-Trichloro-4'-nitrodipbenyl (Hinkel and Hey), 2791. 
CxaHeOaNaCla Tetrachlorodibydro^azobenzenes (Hunter and Barnes), 2054,- 
Ci^HeOaNala 3:5:3';5-Tetraiodo-2:2'-dihydrozyazobenzene (Hunter and Barnes), 
“ 20.i8. 

CxaH604Cl4Sa 4:4'-Dichlorodiphenyl-3;3Misnlphonyl chloride (Barber and 
Smiles), 1147. 

Ci 2 H 702 NGla Dichloronitrodiphenyls (Hinkel and Hey), 2790. 

C„H,0 aNBra 4;5-Dibfomo-3-mtrodipheQjl (Hinkel and Hey), 1839. 
GiaHyOaNaCla Trichlorodihydroxyazobenzenes (Hunter and Barnes), 2053. 
GiaH70aNCl4 6-Acetylamino-2:4-bi8dietiloromethylene-l;3-benzdioxm (Chatt- 
away and Calvbt), 1091. 

CiaHaONaCla 4:4'-Dichloroazoxybenzene (Burns, MoCombie, and Scarborough), 

2933. 

3:5-DichloTo-4-hydroxyazobenzene (Burns, MoOombib, and Scarborough), 

2934. 

c„n,0NA 3:5-Di-iodo-4-hydroxyazobenzene (Hunter and Barnes), 2067. 
OitHsOaNaGla Dict lorodibydroxyazobenzenes (Hunter and Barnes), 2053. 
GiaHaOaNaBFa Dibromodibydroxyazobenzenes (Hunter and Barnes), 2052. 
GiaHaOaNala 5:5 -I)i-iodo-2:2'-dihydroxyazobenzene (Hunter and Barnes), 
2057. 
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Cx2H80iN801 CMoionitroazobenze&es (Bitbns, McCombib, and ScAbbobottgh), 
2933. 

Ci2H80tN2S Nitrophenyl ^7-nitroben2enesulphonates (Bell), 2777. 

Ci2HsON2Br 3-Bromo-4-]iydroxyazobeiizene, and its bydrocbloride (Hitnter and 
Baiu^bs), 2064. 

C„H,0N,I 3-Iodo-4-liydro2yazoben2ene, and its bydrocbloride (Hunter and 
Barnes), 2064. 

Gi 2H902N2G]: Cblorodihydrozyazobenzenes (Hunter and Barnes), 2053. 

C„HA N2Br Bromodibydroxyazobenzenes (Hunter and Barnes), 2054. 

4'-Bromo-2-nitrodipbenylamme (MoCombib, Scarborough, and Waters), 856. 

C12H9O2N2I 5- Iodo-2;2'-dibydro3^azobenzene (Hunter and Barnes), 2057. 

Gi 2 H 905 NS Pbenyl j^-nitiobenzenesnlphonate (Bell), 2777. 

Cx2HiiONSe 4 -Aminodipbenyl selenoxide (Gaythwaite, Kenyon, and Phillips), 
2291. 

G12H11OGIBP2 5-Ohloro-4:5-dibromo-l-pbenylcyc2obezan-3-one (Hineel and 
Hey), 1204. 

CiixHiiOxNxGl 6-Obloronitrotetrabydrocarbazole8 (Plant and Rosser), 2462. 

C12H11O3NCI4 6-Acetaniido-2:4*bisdicblorometbyl-l:3-benzdiozin (Chattaway 
and Morris), 8244. 

C12H11O3N8GI8 Ethyl glyoxylate c-acetyl-2:4:6-tricbloropbenylbydrazone (Ohatt- 
AWAY ana Daley), 2760. 

Ethyl 2:4:6-tricblorobenzeneazoacetoacetate (Ohattaway and Daldy), 2761. 

C12HHO3N2BPS Ethyl glyoxylate o-acetyl-2:4:6-tribromopbenylbydra2oae (Chatt- 
away aud Daley), 2762. 

Ethyl 2:4:6-tribromobenzeneazoacetoacetate (Ohattaway and Daley), 2762. 

O12H12O2N2AS2 3:4'-Diamino-4:8'-dibydroxyarsenobenzene (Balaban), 811. 

O12H12O8NAS Dipbenylamine-p-arsinic add, and its bydrocbloride (Gibson and 
Johnson), 1286. 

GibHisOsNsS Ethyl 4'keto-3:4-dibydroqnmazolme-2-tbioglycollate (Stephen and 
Wilson), 1421, 

G12H18O4NBP 4-Bronio-2-i9onitroso-6:7-dimetbozy-3’metUyl-l-bydrindone (Koep<* 
ELI and Perkin), 2997. 

OxsHisOsCUS Ethyl 2:4*bisdichloromethyI-l:3-benzdioxin-6<Bnlphonate {Ohatt- 
away and Morris), 3246. 

Ci2Hi40aNaS Ethyl benziTninazolyl-2-a-thiolpropionate (Stephen and Wilson), 
1419. 

C7i2Hi40aNsCl eydoHezanone cbloionitrophenylhydrazones (Plant and Rosser), 
2461. 

C„tt [ 4 O 3 NBF 4-Broino-6;7-dimethoxy-3-niethyl-l>'hydrindone oxime (Koepfli and 
Perkin), 2997. 

CiaHisO^NaAs 8-Acetamido-3-hydroxy-2-ethyM:4-bonzzsooxazine-6-aisinic acid 
(JSewbbry, Phillips, and Stickings), 3063. 

C12H17O 4NS -y-Imino-y-etlioxypropyl tolnene-^i-snlpbonate, hydrochloride of 
(Olkmo and Watson), 727. 

GiaHaeOsNAs 7-0arbethoxy-n>hexylaminopropylaismic acid (Gough and King), 
2443. 

12 V 

GiaHsOaNaClaBra Dichlorodibromodihydrozyazobenzenes (Hunter and Barnes), 

20fi0. 

GxaHsOaNaOIsI^ Dichlorodi-iododibydroxybenzenes (Hunter and Barnes), 2061. 

GjaHeOaNaBPala Dibromodidododihydroxybenzenes (Hunter and Barnes), 2062. 

GizHsONaGIBr 8-0bloro-5>broxno-4-hydroxyazobenzene (Hunter and Bari^), 
2064. 
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Ci 2H80N2C1I 3-Ohloro-5-iodo-4*hydro2cyazobeikzend (HvNTAit aud Baiu^^s), 2065. 
G 12H8ON26FI 3-Bromo-5-iodo-4-liydros:yazobenzexie (Hunter and Barnes), 2066. 
GisHsOaNGleBr ■ 7-Bromo-6-acetylainino-2:4-biatrichloroinethyI-l :3-benzdioxin 
(Chaitaway and Calvet), 1091. 

Cm Group. 

Gi 8 HioN 2 1-Metbylpbenazine, and its cbloroplatinate (McOombie^ Sgarbobough, 
and Waters), 356, 

GiftHiiO Phenyl benzyl ether, rearrangement of (Short), 528, 

GiaHisOs Methyl 8-methoxy-I-naphthoate (Brbtscher, EuXtS, and Sfence), 
1600. 

CisHiaSe Phenyl jp-tolyl selenide (Gaythwaite, Kenyon, and Phillips), 2283. 
CisHiaN Benzylaniline, nitration of (Reilly, Moore, and Drumm), 563. 

GisHiaOs Ethyl I«ketohydrindene-S-acetate (Jackson and Kenner), 578. ' 

Ethyl 2-methyl-l-hydrindone-2-carboa:ylate (Titlby), 2577. 

GisHi^Os 3:3'-DimethoNydiphenylglntaric anhydride (Jackson and Kenner), 
1661. 

Gi3Hi40e 2:4*Diacetylgallacetophenone 3-metbyl ether (Perkin and Storey), 
242. 

CJ 3 H 14 N 2 2-Ainino-2^methyldipheDylamine, and its tin salt (McCombie, Soar 
BOROUGH, and .Waters), 355. 

Propane-ay-dipyridine, salts of (Gough and King), 2447. 

G13H15N S-Methyltetrahydrocarbazole (Plant and Rosser), 2457. 

2:3:4:5-Tetrahydroheptindol6, and its plcrate (Perkin and Plant), 2586. 
C13H16G2 2-HydToxystyTyl •butyl ketone (MoGookin and Sinclair), 1176. 
CxsHieOs Hydroxymethoxystyiyl propyl ketones (McGooktn and Sinclair), 
1174. 

C13H16O4 2-HydroxystyTyl isobntenyl ketone (MoGookin and Sinclair), 1176, 

3:3 -Dimethoxydiphenylglntaric acid (Jackson and Kenner), 1661. 
Ethyl syiingoylacetate (Bradley and Robinson), 1554. 

G}3 Hi 7N Hexahydroheptindole, and its salts (Perkin and Plant), 2586. 

S-Methylhexahydrocarbazoles (Plant and Rosser), 2460. 

C18H20O Substance, from piperltone and ethyl acetoacetate (Jupp, Kqn, and 
Lockton), 1644. 

GisH8a04 fm7w-Decahydro-B-naphthylmalonic acid (Vogel), 2027. 

C13H82O Luparone (Chapman), 1803. 

G1SH2SO4 Methyl B'C^^c^ohexylghitarate (Sircar), 56. 

Ci 3 H 22 N 2 Base, and its salts, from Inpanine methiodide and caustic potash 
(Clemo and Lbitoh), 1818. 

C13H24O4 Methyl hydrogen decane4:lQ-diearboxylate (Bhattacharya, Sale- 
TuEBi and SimonsenX 2679. 

13 III 

C 13 H 4 O 10 N 4 2:4:5:7-Tetranitroxaiithrone (Lb FAvrb), 3251. 

C12H5O7N3 2:4:7-Trinitrofluorenone (Bell), 1990. 

CisHeOfiS Thioxanthone dioxide l:4-quinone (Price and Smiles), 3158. 

CxsH 30S2 Diphenylene 2;2^-dtthlolcaTbonate (Barber and Smiles), 1146. 
G13H8O4S 2-Hydroxythioxanthone dioxide (Price and Smiles), 3158. 

GjsHaOsS Dihydrox^ioxanthone dioxides (Price and Smiles), 3158. 

CisHsOiM Carbazole-l-^rboxylic acid (Briscoe and Plant), 1990. 

CisHsOsNs l-Benzoyloxy-l;2:3*benztriazole (Brady and Reynolds), 197. 
G13H9NS l-Phenylbenzthiazole, salts of (Clark), 2316. 
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13 III 


CisfisNsBrs Substance, from 2-inetlijlazobenzene and bromine (Buuxs, Mc- 
CoMBis, and Sca,ubobough), 2932. 

C 13 H 10 ON 2 2 -Methoicyphenazlne» and its chloroplatinate (McCoubie, Soar- 
BOBOTTGH, and Waters), 358. 

CisHioOaNs Benzylidene-9n*nitroaniline, bydrocblortde of (FLtjRSOHBiM and 
HtiLMES), 22il. 

CisHioOaSe 4-Carboxydiplienyl selenide (Gaythwaite, Eenton, and Phillips), 

CisHioOaS 2-Carbozy-4'-bydroxydiphenyl snIpMde (Price and Smiles), 2862. 

OiaHioOsSe 4-Carbo:[7dipiL6nyl selenoxide, and its salts (Gaythwatte, Kenton; 
and Phillips), 2284. 

C 18 H 10 O 4 N 4 Dinitromethylazobenzenes (Burns, KgOohbie, and Scarborough), 
2932. 

C18H10O4S 2-CSarboxy-2';4'-dihydrozydipIienyl sulphide (Price and Smiles), 
2862. 

G 13 H 10 O 5 N 4 3:4'-Dmitro-4-methoxyazobeDzene (Burns, McCombie, and Scar- 
borough), 2935. 

GisHioOsS 2:4.Dihydroxy-2'-carboxy diphenyl snlphoxide (Price and Smiles), 
3157. 

C13H10O4S 2;5-Dihydroxydiphenylsulphone-2'-caTboxylic acid (Price and Smiles) , 
3156. 

CisHjiOaNs Nitromethylazobenzenes (Burns, McCombie, and Scarborough), 

C18H11O4N 7-Methyb3;4-dihydrocoumarin-4-cyanoacetic acid (Seshadri), 170. 

CisHuNS Thiobenzanilide, thermal decomposition of (Chapman), 1894. 

CisHuNaBp Bromomethylazobenzenes (Burns, McCombie, and Scarborough), 
2931. 

GisHisOSe Phenyl p-tolyl selenoxide (Gaytrwaite, Kenyon, and Phillips), 
2284. 

Ci 3 Hi 202N2 2-ATninod!ph€nylamine>2^carhoxylic acid, and its hydrochloride 
(McCombie, Scarborough, and Waters), 358. 

2-Nitro-2'.methyldiphenylamine (McCombie, Scarborough, and Waters), 
355. 

C 1 SH 12 O 2 S Phenylbeh^lsnlphone, paraehor for (Frsiman and Suguen). 268, 

C23H12O3N2 ?-Methyl-3:4-dihydrocoumarin-4-cyanoacetamide (Seshadri), 170. 

2-Nitromethoxydiphenylain!nes (McCombie, Scarborough, and Waters), 357. 

Ci3Hi2SeBr2 Phenyl p>tolyl selenide dibromide (Gaythwaitb, Kenton, and 
Philups), 2283. 

Ci8Hi2SnCl2 Phenylbenzylstannic chloride (Kipping), 2868. 

CisHisObN Acet7l-2-methoxy-3-naphthylamine (Clemo and Spence), 2818. 

C 13 H 13 O 0 I 2-Phenyl>6-methyl-4-pyrone methiodide (Gibson and Simonsen), 
X310“ 

CifiHisOsNs Methyl l-ketohydiindene-8-acetate semicarbazone (Jackson and 
Kennrr), 578. 

C 1 SH 18 O 4 N isoNitToso-derivative of ethyl l-ketohydrindene-3-acetate (Jackson 
and Kenner), 578. 

G1SH14OM2 2-Aminoiuethoxydiphenylamines (McCombie, Scarborough, and 
Waters), 357. 

C1SH14O2N2 Nitro-S-methyltetrahydrocarbazoles (Plant and Bosser), 2457. 

G13HX4O8N8 l-Acetyl-2-pyrrolidone-5-oarhoxyanilide (Oeay), 1266. 

C13HX4NBF 7-Bromo-2;3;4;5-tetrahydroheptindole (Perkin and Plant), 2587. 

CiaHisOM S-Acetyltetrahydropentindole (Plant and Bippon), 1911. 

Hexahydroacridone (Perkin and Plant), 2590. 
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Ci#Hi 502N8 aa'-Dicyano-a-metliy!c2/cZopeiitane-l;l-diacet-i\r-methyl-»-imide 
(Babdhak), 2596. 

1- j?-Nitroanilitto-l-cyaiiocycZo]iexaiie (Betts and Pi^ant), 2074, 

C 18 H 15 O 4 CI Ethyl phenylchloromalonate (PLlXBSCBEm and Holmes), 1613. 

GisHxeONs Hezahydroacridoneozime (Perkin and Plant), 2590. 

Gi 3 Hi 604 N 2 l-jj-Nitroanilinocycfohezane-l-carbozylic acid (Betts and Plant), 

2074. / 

CisHivOsNs l’:p-Nitroanilinoc^cZoliezane-l'Oarbozyamide (Betts and Plant), 
2074. 

CisHirOeN Diethyl hydrogen 8-amino-l-methyldicycZopentane-2;4:5-triearlK)zyIate 
(Gk)ss and Ingolb), 1277. 

C18H18O8N2 l-p-Aminoanilino^cZohezane-l-carbozylic acid (Betts and Plant), 
2074. 

aY-Diacetylamino-B-phenylpropane (Jackson and Kenner), 1659. 

Ci 8 Hi 202 N Ethyl a>ethyl-A^-c^cZohezenyloyanoacetate (McRae and Manske), 
486. 

Gi 3H2 o 04N4 3:3'-Dimethozydiphenylglutaric dihydrazide (Jackson and Kenner), 
1661. 

G13H20O5N2 Dimethyl 7-zylonolactone phenylhydrazide (Haworth and Porter), 
617. 

2- Methylglucosephenylhydrazone (Hickinbottom), 3146. 

G13H21O4N Ethyl o-eyano-a-2>opropylglutarate (Hariharan, Mbnon, and Simon- 
SEN), 434. 

G18H22O5N4 Di(ethyl acetoacetate)caTbohydTazone (Munro and Wilson), 1260. 

Ci 3 H 8 sOBf Methyl 11-bromodecoate (Bhattacearya, Saletore, and Simonsen), 
2680. 

Ci8H240N4 Dipinacolincarbohydrazone (Monro and Wi^on), 1259. 

IS IV 

€i3H406N8Bp2 2:7-Dibromo-4:6-dimtrozaDthone (Le FIwre), 3251. 

GisHtQgCIS Ohloro-l:4-dihydrozythiozanthone dioxide (Price and Smiles), 
3158. 

CxsHsOgNF Flnoronitrophenyl benzoates (Hodgson and Nixon), 1880. 

GxsHsOtNgCI Chlorodinitrohydrozybenzaldehyde^-nitrophenylhydrazones (Hodg- 
son and Jenkinson), 2274. 

GxsHgO 7 NsBp Bromodinitrohydrozybenzaldehyde ^-nitrophenylhydrazones 
(Hodgson and Jenkinson), 2277. 

GxsH 807 NsI lododinitrohydrozybenzaldehyde p-nitrophenylhydrazones (Hodgson 
and Jenkinson), 2279. 

Ci3HgON2Br3 3:4';5^-TribrDmo-4-methozyazobenzene (Borns, MgCombie, and 
Scaicbokoogh), 2934. 

CisHgOGlTo Chloromethylphenoztellunne, and its salts (Drew), 510. 

C1SH9O3N3BP Dibromonitrohydrozybenzaldehyde phenylhydrazones (Hodgson 
and Jenkinson), 2278. 

CxsHgOaNsBrg Dibromohydrozybenzaldehyde jj-nitrophenylhydrazones (Hodgson 
and Jenkinson), 2275." 

C 13 H 9 O 5 N 4 GI Chlorodinitrohydrozybenzaldehyde phenylbydrazones (Hodgson and 
Jenkinson), 2274, 

Chlbrouitrohydrozybenzaldehydejp-nitrophenylhydrazones (Hodgson and Jenkin- 
son), 2273. 

Ci3H30GN4Br Bromodinitrohydroxybenzaidehyde phenylhydrazones (Hodgson 
and Jenkinson), 2277. 

Bromonitrohydrozybenzaldehyde ^T-nitrophenylhydrazones (Hodgson and Jenkin- 
son), 2277. 
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G18H9O5N4I lododinitrohydroxybenzaldehyde phenylhydi&zones (Hodgson and 
Jbnkinson), 2279. 

lodonitrohydrozybenzaldeliydejp-nitFoplienylliydrEzones (Hodgson and Jbnein- 
son), 2279. 

OisHgOeClS Chloro-2:6-dihydroNydipbenylsulpbone-2'-carboxylic acid (Peice and 
SuiLES), 3157. 

Cii3HioON2Cl2 S:5-Dichloro-4-inet}ioxyazoben2ene (Btxens, McCombie, and Scae- 
BOEODGH), 2934. 

Ci 3 HioON 2 Br 2 3:4^-Dibronio-4-inetbo^azobeDzene (Buens, McOombie, and 
Scakboeough), 2934. 

Ci3Hio02N2Br m-Nitrobenzylidene-p-broxnoaniline (Nisbbt), 3123. 

C13H10O2N3CI Chlorobenzaldebyde nitrophenylbydrazones (Hodgson and Hand- 
ley), 1885. 

CisHioOsNsCl Cbloronitrobydrozybenzaldebyde pbenylhydrazones (Hodgson and 
Jeneinson), 2273. 

C^HioOsNsBp Bromonitrobydroxybenzaldeliyde pbenylhydrazones (Hodgson and 
Jenkinson), 2277. 

CisHioOsNsI lodonitrohydroxybenzaldehyde pbenylhydrazones (Hodgson and 
Jeneinson), 2279. 

Ci8Hio07N2S Nitro-p-tolylp-nitrobenzesulphonates (Bell), 2777. 

G13H10O8N4S p-Nitrobenzenesalpbon-3:5-dinitro-p*tolylamide (Bell), 2777. 

O13H11ON2BF 3-Bromo-4-methoxyazobenzene (Buens, McCombie, and Scae« 
boeough), 2934. 

C 13 H 11 O 5 NS p-Tolyl p-nitrobenzenesnlpbonate (Bell), 2777. 

G 13 H 12 O 4 N 2 S p-Hitrobenzenesulphon-p-tolylamide (Bell), 2777. 

G18H14ONP Phenylmetbylpbospbinanilide (Gibson and Jonkson), 96. 

Cx 3 Hi 402N3 Bf «-Bromo-ao'-dicyano-«'-methylcy<;Zopentane-l:l-diacetmetbyliinide 
(Baeduan), 2599. 

Ci 3 Hi« 0 N 3 S Acetyl derivative of l-?i-propylamino-3-metbylbenzthiazole (Hunter 
and Styles), 3026. 

Ci3Hxe02N2S Ethyl benzmunazolyl-2’a-tbiol-9i-butyrate (Stephen and Wilson), 
1419. 

Cx 3 Hi 306 N 2 As n^Nitrobenzopropylamidopropylarsinic acid (Gough and King), 
2442. 

IS V 

CxsHuOsNxSASs 3:3'-Diammo-4:4^dihydToxyarsenobenzene-i\rj7MiinethyIene- 
solphurous add, and its sodium salt (Kewbeey and Phillips), 125. 

Gi 4 Group. 

Gx 4 HxoO l-Phenanthrol (Shoeshith and Guthbie), 2333. 

G14H10O5 G-Benzoylpbloroglucinaldebyde, preparation and constitution of (Robert- 
son, Robinson, and Stbuthebs), 1455. 

C14H18O3 Benzoin, resolution of (Hopper and Wilson), 2483. 

C14H13N2 8-o-Aininopbenylindole, and its salts (Eeeuack and Slater}^ 40. 

Ci4Hx2Cl3 5:5^>DichIoro-3:3'-ditolyl (McAlister and Kenner), 1915. 

O14H14O Diben^l ether as a cryoscopic solvent (Bennett and Willis), 2305. 
Phenylbenzylcarbinol, resolution' of, and its salts (Geeeaed and Kenyon), 
2564. 

Gi 4 Hi 4S3 3:3'-Dimethylthioldiphenyl (Barbee and Suiles), 1147. 
s-Diphenylthiolethane (Bell and Bennett), 3190. 

GuHieOs 4-Acetonyl-2:3-dimethyl-l:4-hen2opyran (Hill), ,257. 

CxA ,0s Ethyl l-heto-2-niBthyl-l:2:3:4-tetrahy^naphthalene-2-caThoxylate 
(Titley), 2577. . / , 
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CuHieOA Ethyl jp-carboxycinnamate (Titlbt), 2681. 

Gi 4 Hig 04 Ethyl iS-o-carboxyphenylpropionate (Titlet), 2676. 

Ethyl m-phenylenediacetates (Titlby), 2579. 

, Ethyl iS-veratrylcrotonate (Koepfii and Pebkik}, 2996. 

GuHisOs Methyl iS-^-methozyphenylghitarate (Jackson and Kenneb}^ 1660. 

O 14 H 13 O 7 Methyl 5-inethylethyldicycZopentan-3-one-l:2:4-tricarboxylate (Goss and 
Ingold), 1273. 

CigHiflN Octahydroheptaqiiinoline (Perkin and Plant), 2588. 

C 14 H 42 O Aromadendrone (Briggs and Short), 2528. 

CwHgaOa 5 -Acetyl-l-niethyl-3:4-dipropeiiylp2/cZapentan-l-ol (Evans and Farmer), 
1647. 

CigHagOg Ethyl ethanetetiacarboxylate, sodium salt, action of dibromotetra- 
carboxylic esters on (Lennon and Perkin), 1513. 

Ci 4 H* 20 a 3:4; 6 -Triacetyl j 8 -ethylglucoside (Hickinbottom), 3145. 

C14H24O4 Diethyl a-methyleyeZopentane-l:l-diacetate (Bardean), 2599. 

14 HI 

C14H7CIBF2 l-Ohloro-OrlO-dibromoanthracene (Cook), 2808. 

CigHgOgCla 5:6'-Dichlorodiphenyl-3:8'-dicarboxylic acid, and its salts (McAlister 
and Kenner), 1916. 

Ci 4 H 36 eNa Dinitrobenzils (Chattaway and Coulson), 1086. 

C14HSO2N4 3:S^-4';5 -Tetranitro-4-methylben2ophenone (Blakest and Scar- 
borough), 2494. 

CiiHgOaNs Nitrp-S-phenylphthalazones <Eowe and Levin), 2553 ; (Eowe, Him- 
MAT, and Levin), 2561. 

Nitrobenzils (Chattaway and Coulson), 1084. 

€i 4B304N8 l:4-Diketo-3-(3'-nitrophenyl)-tetrahydropbthalazine (Rowe, Himmat, 
and Levin), 2563. 

l:4-Diketo-8-(4'-nitrophenyl)tetrahydrophtbalazine (Rowe and Levin), 2654, 

G 14 H 9 O 7 N 3 3:4^:5-Trmitro-4-inethylbenzophenone (Blaket and Scarborough), 
2493. 

I'ufizoOgNa 8 -o-NitrophenyimdolB (Kerhack and Slater), 39. 

G14H10O4S 2-Methoxythioxanthone dioxide (Price and Smiles), 3159. 

Ci4Hio04Se2 4: 4^Dicarboxydipbenyl diselenide (Gatthwaite, Kenton, and Phil- 
lips), 2236 . 

GigHiobfiNs binltix>-4-methylbenzophenones (Blakey and Scarborough), 2493^ 

G 24 H 10 O 4 S Methyl<l;4-dihydroxythioxanthone dioxide (Price and Smiles), 
3158. 

GuHioOsSe Disalicylyl selenide (Morgan and Bubstall), 3270. 

Arsenobenziminazoles (Phillips), 3137. 

Cx 4 HiiONs Amino- 8 -phenylphthalazones (Rowe and Levin), 2558; (Eowe, 
Himmat, and Levin), 2560. 

^xaHixOBr 3-Bromo-4-methylbenzophenone (Blakey and Scarborough), 2492. 

G 14 H 11 O 3 N S'-Hydroxy-JV-phenylphthalimidine (Eowe, Himmat, and Levin), 
2561, ' 

Ci 4 HuO*N 8 l-Benzoyloxy-6-nttethyl-l:2:S-benztriazole (Brady and Reynold's), 

200 . 

C 14 HX 1 O 2 CI 4-Chlorodiphenylxnethane-2'-carboxylic acid (Barnett and 'Wilt- 
shirs), 1823. 

C14HH OsN 3-Nitro-4-methylbenzophenone (Blakey and Scarborough), 2492. 

CX4H11O4N8 o-Carboxybenzaldehyde<^-nitrophLenylhydrazone (Rowe and Levin), 
2555. ’ , 

SiS'Disitto-^-aeetamidodi^nyl (BelIi), S776. 
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Gi 4 Hx 20 N 2 3^-ABU!io-i\r-pheiiy]phthaliiBidind (BowSj Hikkat, and Levin), 
2560. 

CX 4 H 12 O 8 N 2 5-Nitro-3-aoetamidodipiienyl (Bell), 2774. 

Nitroamino-4-inetliylbenzophenoiies {Blaeey and Soabbobough), 2493. 
Cx4Hi20«S ]\letbyl 2:5*dihydrozydiph6nyl8nlp}ione-2^-carbozylate {Pbice and 
Smiles), 3157. 

G 14 H 18 CI 2 S 2 4;4'-Dicliloro-3:3'-diznetliylt1iio1diplienyl (Babbeb and Smiles), 
1147. 


C 14 H 12 I 2 S 2 Di- 4 -iodo- 4 }i-tolyl disulpMde (Babbeb and Smiles), 1144^ 

C 14 H 18 ON 3-Ammo-4-methylbenzophenone, and its hydrobroxnide (Blaeey and 
ScARBOBOUGH), 2492. 

Desylamines, bydrocblorides of (McKenzie and Waleeb), 650. 

O 14 H 13 OCI 5-Chloro-3-ethoxydiphenyl (Hinkel and Hey), 1204. 

CwHibOBp 5-Broino-3-etbo3ydipbenyl (Hineel and Hey), 1203. 

C14H18O2CI 5-Cliloro-4;4'-(iifaydroxy-3;3'-ditolyl (MobgAN and Bubstall), 3268. 
C14H18O8N8 Metbozybenzaldebydenitirophenylbydrazones (Hodgson and Hand- 
lbv;^, 1885. 

3-Nitro-4':5-diamino-4-inetbylbenzopbenone (Blaeey and Scabbobough), 2494. 
C 14 H 18 O 8 AI Alnminosalicylic acid, and its salts (Bubbows and Wabk), 2^, 
Gi 4 Hi 40N2 iV-Acetyl-i^-ammodiphenylainine (Gibson and Johnson), 1286. 
G14H14O2S2 Dipbenylthioletbane disnlpbozides (Bell and Bennett), 3190. 
Ci4Hi402Se DibydroEydimethyldipbenyl selenides (Mobgan and Bebbtall), 3267. 
€i4Hi408N2 Ethyl 2-inetliylqniQOxaline-3-pynivate (Benneti' and Willis), 1973. 
C14H14O4N2 Dinitrotolidines, isomeiism of (Le FIivbb and Tubneb), 963. 
G14H14N2S Benzaldehyde-p-methylthiolpbeuylhydrazone (Hodgson and Hand- 
ley), 1886. 

Ci4Hi4ClSb Di-^?-tolylclilorostibine (Goddabd and Yaksley), 720. 

Ci4Hi4Cl2Si Dibenzylsilicon dicbloride, action of sodium on (Steele and 
Kipping), 1431. 

Gx 4 Hi 4 Gl 8 Sb Di-:p-tolylstibine trichloride (Goddabd and Yabsley), 721. 
Ci 4 Hx 4 BrSb Bi-p-tolylbromostibine (Goddard and Yabsley), 721. 

Ci 4 Hi 4 lSb Di-p-tplyliodostibine (Goddabd and Yabsley), 721. 

I'uHxsON Ketohez^ydroheptaqniholine (Fsbein and Plant), 2588. 

GX4HX5O2N cycfoPentane-l-acetic-l-Garbozylic acid (Babdhan), '2600. 

Gi4Hi502Sb Di-p-tolylstibinic acid (Goddard and Yabsley), 721/ 

Cx4Hx50 7N Ethyl phenylcyanomalonate (Fldbsoheim and Holmes), 2238.. 
Cx 4 Hx 60 sN 8 Nitromethyl-T^-indozyl^irocyc7ohezanes (Betts and Plant), 2072. 
C„H„0 qS 2-Ph6nyl-6-methyl-4-pyrone methylmethosnlphate (Gibson and Simon- 
sen), 2310. 

GX 4 HX 7 ON Acetylhexahydroquinidenes (Pbbein and Plant), 644, 
Methyl-T(r-indozylsp£rocyc2ohezanes (Betts and Plant), 2072. 

C14H17 OaN . l*Carboxyc^c2opentane-l-acetanilicacid (Vogel), 2022. 

epcZoPentane-l-acetic-l-carbozylic anilic acid (Babdhan), 2600. . 

C14H17O8N3 Ethyl 1-ketobydrindene- 3-acetate semicarbazone (Jackson and 
Kenner), 578. 

C 14 HX 9 ON . ajS-Dimetbylpentenoic-p-toluldides (Abbott, Kon, and Satobell), 
25i9. 

Ci,Bi,0,N l-Anilino-4-metbylcycZobezane-l-carbozylic acid (Betts and !Plant), 
2073. 

l-Tolnidinocyc^obexane-l-carbosylic acids (Betts and Plant), 207l. 

Gx4Hx808T1 Tballiam diethyl benzoylacetone (Msnbies, Sidgwice, (^ittolibfe, 
and Fox), 1290. 
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GUH 19 O 4 N 8 aojS-Trimethyl-IseTulic acid j^nitrophenylhydrazone (Basdhak), 
2616. 

Gi4H8a05Ns 2:3;4-Tr2metliyl-lyxonic acid phenylhydrazide (Hirst and Smith), 
3153. 

Trimethyl-7-xyIoiiolactoiie phenylhydrazide (Haworth and Porter), 617. 

Molybdyl Msdipropionylmethiine (SioRGAH and Oastbll), 3254. 
Molybdyl bis-S-ethylacetykcetone (Morgan and Oastbll), 3255. 

CuH„ON Aromadendrone oxime (Briggs and Short), 2528. 

CwHsaONa A^-Pulegenylacetone semicarbazone (Jtipp, Eon, and Lockton), 
1643. 

Ci4H2804Br Ethyl a-‘bromo-a'-methyl 62 /e?openfcane-l:l-diaoetate (Bardhak), 
25h9. ^ 

Ci4H2406Ne Di(ethyl acetoacetate) dicarbohydrazone (Mukbo and VTilsok), 

1260. 

CSz4Ht802N« Dipinacolinhydrazidicarbohydrazone (Munro and TTilsok), 1259. 

14 IV 

GX4H8ONCI 2^-Cyanodiphenyl-2-caTboxylyl chloride (Bell), 3248. 

C14H4O7N8GI 4'-Chloro-3:3':5-trinitro-4-inethylbenzophenone (Blaket and Soar- 
B0R0T7GH), 2495. 

G14H8O5NS 8-Keto«2-p>nitrophenyl-2:3-dihydrothionaphthen 1:1 -dioxide (Price 
and Smiles), 2862. 

CMHftOsNaCl Ghlorodinitro-4-methylbenzophenones (Blaeey and Scarborough), 
2496. 

Ci4H,0,N,Bp 3-Bromo-3':5^-dinitro-4-methylbenzophenone (Blaeey and Scar- 
Bt»ROUGH), 2494. 

Cx4HioOC1Bf 4'-Chloro-8-bromo-4-methylben20phenone (Blakey and Scar- 
boroi^gh), 2495. 

C'ziHioOtNsIa 3:5-DModo-4-acetoxyazobenzene (Hunter and Barnes), 2067. 

^uHioOsNCl Ghloronitro-4-methylbenzophenones (Blaeey and Scarborough), 
2496. ... 

CMHxoOaNBP Bromonitro-4-methylbenzophenones (Blaket and Scarborough), 
2494. 

Cx 4 Hxo 04 NaGls Dichlorodinitro-3:3'-dimethyldiphenyl (Le FiiVRB and Turner), 
968, 

^iiHxoOiNsBPs Dibiomodinitrd-3 ;3'-dimethyldiphenyls (Le FhVRE and Turner), 
967. 

Cx4HxiONC 1 Dichloroacetaniidc^phenyls (Hinkel and Hey), 2790. 

Gx 4 HxxONBF 8 4:S-Dibromo-3-acetaTnidodiph6nyl (Hinkel and Hey), 1840. 

^uHiiOaNzBr 3-BFonio-4-aeetoxyazobenzenB (Hunter and Barnes), 2064. 

Cx4Hxx08N8l 3-Iodo-4-acetoxyazobenzene (Hunter and Barnes), 2064. 

C^uHxiOaNS m-Tolylp-nitrothiolbenzoate (Barber and Smiles), 1147. 

C^uHiiOsNS o-Carbo3^heoyl-p-nitrobenzylsulphone (Price and Smiles), 2861. 
jp-Nitrobi*nzyl o-carboxybenzenesnlphinate (Price and Smiles), 2861. 

Cx4Hx 80KC1 4'-Ohloro-3-8mino-4-methylbenzophenone (Blakey and Scar- 
- borough), 2495. 

CX 4 H 12 ONBF 5-Bromo-3-a(setylaminodiphenyl (Hinkel and Hey), 1839. 
BromominQ-4-methylbenzo^enones (Blakey and Scarborough), 2494. 

Ox^HxxOKsCl 3-Chloro-4-acetamidoazobenzene (Burns, McOombie, and Scar- 
borough), 2935. 

OmHisOsNGI Benzoyl derivative of 3-chloro-2-ammoanisole (Hodgson and 
Eebshaw), 192. 

Gx4Hx80sN8G1 Nitrobenzaldehyde-3-ohloroanisyl-2-hydrazone (Hodgson and 
Kershaw), 193. 
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Ci4Hij|04N2S4 4:4'-Dmitro*5;5'-dimethyltJiioldiplienyl disulpliide (Hodgson and 
Hanblbt), 163. 

C'i4Hi204N3Se3 Di-2-nitro-^-tolyl diselenide (Challenger and Peters), 1369. 

G14H13O4GI3SS 4:4'-Diniethyldiph.enyL2:2'-disulplionyl chloride (Barber and 
Smilrs), 1147. 

Ci4H„oai^ Dinitro-5:5-di]nethozydipIienylsiiIp]iidds (Hodgson and Handlex}, 

626 . 

Gi4Hi30gN2S Dmitro-5:5-diihethozydiphenylsnlphones (Hodgson and Hand- 
ley), 627. 

G14H13ONH6 4-Acctanitdodiphenyl selenide (Gaythwaite^ Kenyon^ and Phil- 
lips), 2290. 

Ci4HiaON2Cl Benzaldehyde-3-chloroani8yl-2-hydrazone (Hodgson and Xershaw), 
193. 

6-Chloro-5-benz6neazo-o-4-zylenol (Hinkel, Ayling, and Bevak), 2532. 

C14H13O3NS 2-Ben2enesulphonyldihydroi5oindole (Fenton and Ingold), 3296. 

^iiHisOaNSe 4-Acetamidodiphenyl selenozide (Gaythwaite, Kenyon, and 
Phillips), 2291. 

Ci 4 Hi 303N3S Methylthiobenzaldehydenitrophenylhydrazones (Hodgson and 
Handley), 1885. 

CigHtsOaNaCI 6-Chloronitro-9-acetyltetrahydrocarba2ole (Plant and Rosser), 
2462. 

C14H13O4NCI4 6-Diacetamido-2:4-bisdichloromethyl.l :3-benzdioxin (Chattaway 
and Morris), 3244. 

C14H14ONCI 6-Chloro-9-acetyltetrahydrocarbazole (Plant and Rosser), 2462. 

Ci4Hi403N3ASa 4-Ainino-4'-acetaniido-3 ;3^dihydroxyarsenobenzene (Bal aban), 
811. 

Ci4Hi808NSe 4-Acetamidodiphenyl selenide dihydroxide (Gaythwaite, Ken- 
yon, and Phillips), 2290. - 

C^iiHisOsNsSs Diammo-5:5-dim6thoxydiphenyl disnlphldes (Hodgson and 
Handley), 627. 

Ci4Hi308N€rl 6*Ohloro-10:ll-dihydroxy-9-acetylhexahydrocaa:bazoIe (Plant and 
Rosser), 2462. 

CiaHstOiNsAs 7-4-Benzoylpiperazinopn>pylar8imc add (Godgh and KxngL 
2445. 

14 V 

GuHieOaNsGlBr 8-OhIoro-5*bronio-4-aoetozyazobenzene (Hunter and Barnes), 
2066. 

CxiHxoOaNsGlI 3-Ohloro-5-iodo-4-acetozyazobenzene (Hunter and Barnes), 2065. 

GxiHi^OsHiBrl d-BFomo-5-iQdo-4-acetoxyazobenzene (Hunter and Barnes), 
2066. 

OiiHxaONClS 4-Chloro-2-thiobenzattisidine (Hodgson and Handlet), 16.3.. 

CitHisONGisSe 4-Acetaniidodiphenyl selenide didhloride (Gaythwaite, Kenyon, 
and Phillips), 2292. 

GxeHiaONBPfSe 4-ABetaxaid6diphenyl selenide dibromide (Gaythwaite, Ken- 
yon, and Phillips), 2292. 

OxiHitONlsSe 4-Acetaniidodiphenyl selenide di-iodide (Gaythwaite, Kenyon, 
and Phillips), 2293. 

O16 Group. 

CxaHsi Aromadendrene, chemistry of (Briggs and Short), 2524. 

Caryophyllene, reaction for (Gibson), 750. 

CxsHae Dihydroaromadendrene (Briggs and Short), 2527. - / 

CxsHso Hexahydrocnrcnmene (Rao and Simonsen), 2504. 
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OxsHioOi Purpuroxanthii l-methyl ester (Peekin and Stoeey), 239. 

OxsHioOs Anthrapnrpunn methyl ethers (Pkekin and Stoeet), 235. . 
l:4-DiaGetylpurptLrin 2-methyl ether (Perein and Storey), 288. 

Oenistem^ synthesis of (Baker and Eobiksoe), 8X15^ 

CisHioOg Irigenol, and its sulphate (Baker), 1030. 

CxsHioNa 5:6-Benz-4rcarboline (Esrmaok and Slater}^ 32. . 

CisHxiN 2:3-Indeno(l:2)-indole (Titley), 2676. . . 

CisHxiGl 2-Chloro-9-methylanthracene (Barnett a^ Wiltshire), 1824.; 
O1SH12O4 «-Hydroxy-4-benzoyloxyacetophenone (Robertson and Robinson), 
1465. 

a-Naphthylparaconic acid (Shoesmith and Guthrie), 2332. 

OisHiiNg 3-c-Aminophenyl-l«methylindol6, and its salts (Kermace and Slater), 
44. 

CX5H14S2 Acetonediphenylene-2:2'-mercaptol (Barber and Smiles), 1146. 
C15H16N2 1-Cyanocyc^hezylphenylacetonitrile (McRae and Manske), 490. 
CisHisN o-Pheuyl-i3-7i-hexylacxylonltr!le (McRae and Manske), 490. 

G 15 H 20 O 4 Ethyl 7 -o-carbethoxyphenyl-%-bntyrate (Titley), 2577. 

Ethyl /3-phenylglutarate (Jackson and Kenner), 1658. 

G15H20O4 Methyl 3:3^-dimethoxydiphenylglntarate (Jackson and Kenner), 1661. 
G1SH20O7 Ethyl 5-methyldwycZcpenten-8-ol-l:2:4*tricarboxylate (Goss and In- 
gold), 1272. 

GisH 240 Luparenol (Chapman), 1304. 

GisHxiOs Kgaiol, isomeride of (McDowall), 1331. 

GisHxiOo 8:4:6-Triacetyl-2-methyl jS-ethylglucoside (Hiokinbottom), 3145. 
GisHxsGI /<a-Curcnmene hydrochloride (Eao and Simonsen), 2501. 

GisHa 404 7-Menthyl hydrogen glntaiate (Rule, Hay, and Paul), 1857. 

G15H26N2 Deoxylnpanine, and its salts (Clemo and Leitch), 1818. 

GisHxsOs Z-Menthyl propoxyacetate (Rule, Hay, and Paul), 1355. 

GinHaoOs Substance, from hydrogenation of ngaiol (McDowall), 1327. 

C19H22O Substance, from reduction of tetrabydrongazol (McDowall), 1329. 

15 in 

C15H10ON2 3-Keto-8:4-dihydro-5:6-henz>4-carboline (Kermack and Slater), 39. 
Ci 5 Hio 04 N 2 3-o-Hitrophenylindole-2-carhoxylic acid, and its salts (Kermack and 
Slater), 38, ' ‘ 

GifiHioN26r2 8-Phenyl-2-«-dihromomethylqmnoxalino (Bennett and Willis), 
1974. 

G14H11O2CI Phenyl j>-chlorohenzyl ketone (Bejjnbtt and Willis), 1966. 
CisHix04N2 4-Keto-l-methoxy-3-(3'-nitrophettyl)-8:4-dihydrophthalazine (Rowe, 
Himmatt, and Lkvin), 2662. . 

4-Keto-l-methoxy-3-(4'-nitrophenyZ)-S:4-dihydrophtIialazme (Rowe and Levin), 
2554. 

CisHiiObCH Pelargonidin chloride (Robertson, Robinson, and Sugiura), 1534. 
CisHiiOfiCl Qyanidin chloride (Robertson and Robinson), 1528. 

CibHi 202 N 2 8-o-Kitrophenyl-l-methylindole (Kermack and Slater), 44. 
CisHi202Cl2 Benzoyldichloro-o-4-xylenols (Hinkel, Ayling, and Bevan), 2637. 
C1SH12O4NS jS-Phenylglutardinrethane (Jackson and Kenner), 1658. 

0 i 5 Hx£ 06 S Dimethozythioxanthone dioxides (Price and Smiles), 3158. 
GisHxsOGl i>-Ohlorophenyl ^-phenylethyl ketone (Burton and Ingold), 920, - 
Phenyl jS-ja-chlorophenylethyl ketone (Burton and Ingold), 919. 
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CjsHisOBr tt-Bromo-tt-ben^lacetopliexione (Stetens, Ceeightok, Goepon, and 
MaoNicol), 8197. 

GisHiftOgN S'-Hydrozy-jV^^phenylphthaliinidine metliyl ether (Rowe, Himmat, 
and Levin), 2561. 

Gi5Hie02N3 isoNitroso-derivatlve of substance CigHi40N2 (Eeishnauueti), 416. 

C1SH13O2CI Benzoyl.3-cbloro-o-4*zylenol (Hinsel, Atlino, and Bsvan), 2531. 

GisHisOsNa 3:5-Dinitro-4-acetomethylamidodipheDyl (Bell), 2776. 

Substance, from aniline and benzoylacetonitrile (Kbihhnamitbti), 416. 

GibHiaOsS 2:5-Diniethozydiphenylsalphone^2'-carbozylic acid (Price and Sbules), 
3157. 

CisHisNsS Acetophenone S-phenylthiosemicarbazone (Stbpeen and Wilson), 
1422. 

GisHieOaKa Nitro-9-acetyl*3-methyltetTahydrocarbazole (Plant and Rosser), 
2458. 

GisHi^ObS i8-Phenoxyethyl j?-tolnenesulphonate (Peacock and Tha), 2305. 

G15H27ON 9-Acetyl*d-methyltetrahydrocarbazole (Plant and Rosser), 2458. 

G15H17O2N 6-Acetyl-3-xnethyl-^-indozyh^>oc2rcfopentane (Plant and Rosser), 
2458. , 

GisHi^OeNj 5;5'-Dmitro-2'-piperidino-2-hydroxybenzophenone (Le FAvrb), 3250. 

GisHi706p ay-Diphenoxyisopropyl phosphate, and its sodium salt (Boyd and 
Lauhams), 220. 

GisHisOsNa Ethyl l-phenyl-3-methvl-5-pyrazone-4“^-propionate (Clemo and 
Welch), 2628. 

NitrodimethyL\(>-indoxyl^rocycZohexanes (Betts and Plant), 2073. 

G15H19ON Acetylhezahydroheptindole (Perkin and Plant), 2587. 

8:3:4:4-Tetramethy1c^e?opentane-l:2-dlone anil (Ingold and Shofpee), 396. 

GisHijOsN 10:ll-Dihydroxy-9-acetyl-3*methylhexahydrocarba2ole (Plant and 
Rosser), 2458. 

G15H20O2N2 Diacetyl-2 :3:7-l:2:3:4-ietrahydroG[uinozaIines (Gibson, NiTTLANn, 
and SmoNSEN), 111. 

GisHtiON «ai3-1iimethyl-AApehtenoic j?-tolmdide (Bardban), 2616. 

Gi5Hti02N l-2^:4^-Diinethylanilinoc^c7ohexane-l-carbozylic acid (Betts and 
Plant), 2073. 

Ethyl tmTis-decahydro-jS-naphthylidenecyanoacetate (Vogel), 2026. 

G15H21O2GI <f-j3-Octyl chlorobenzoates (Rule, Hay, Numbers, and Pai^rson), 
183. 

GiAiOaBr d-/3-Octvl o-bromobenzoate (Ritle, Hay, Numbers, and Paterson), 
183. 

G2SH21O2I (2-i8-Oc1yl o-iodobenzoate (Rule, Hay, Numbers, and Paterson), 
183. <« 

GisHiiOsNs Hydrozy-2:2:3$3-tetramethylcyci^pentanone ^-nitroph^ylhydiazone 
(Shoppse), 1666. 

CifiH2iOeN Ethyl 3-amino-l-methyhf^(!ZQpentane-2:4:5-tiicarbozylate (Goss and 
Ingold), 1277. 

CibHsbOsNb Oxylupanine (Clemo and Lsitce), 1819. 

G15H22N3S l-m-Heptylamino-8-methylbenzthiazole (Hunter and Styles), 3027. 

G15H2SON ^Oxxmino-a-curcumene, and its hydrochloiide (Eao and Simonsen), 
2501. 

GisHasOaN Ethyl a-9}-bixtyl-A^<^c7ohexenylcyBnoaceiate (McRae and M^ske), 
4o6. 

Ethyl r-tmw-d^ydro-ja-naphthyleyahoacetate (Vogel), 2026. 

GisHaBONa Lupanine, and its salto (Clemo and Leitob), 1815. 

tsoLupanine (Clemo and Leitge), 1319» 
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Garjophyllene mtrosite, rotation dispersion and circular dichroism of 
(Mitchbll), 3258. 

OisEsjN&S w»-Tolyl-n-IieptyJtliiocarbamide (Hitntee and Styles), 3026. 

C 15 H 35 ON 3 Aromadendrone semicarbazone (Briggs and Short), 2528. 
ci-MethjI-«-A^-pnlegenylacetone semicarbazone (Jupp, Koh, and Loceton), 
1643. 

Ci 5 H 3 oCl 2 Te 2 Pentamethylene-ac-biscyeZotelluripentane l:l'-dicbloride (Morgan 
and Burgess), 325. 

GisHatBrtTet Pentametbylene-oe-blscycZiertelluripentane l:I''-dibTomide (Morgan 
and Burgess), 326. 

C} 5 HMBF«Te 2 Pentametbylene-ae-biscycZotelluripentane l:l^-bisperbroinide 
(Morgan and Burgess), 327. 

C^sHaeltTea PentametbyIene-a€-bisc|/c2otelltiripentane l:l'-di-iodide (Morgan and 
Burgess), 328. 

15 17 

CisH^O 3 N 2 OI 2 4*Metboxyi8opbthala]debydic asid 2:4-diebkr<^bBnylhydrazoi^ 
(Ghattaway and Caltet), 2916. 

CisHi 302 N 2 Cl «r<Di-:P-nitToplLenozyttopropyl cbloride (Boyd and Ladhams), 


^isHtiONCl i9*ChIoropbenyl jS-pbenylethyl ketone (Burton and Ingold), 920. 

Phenyl a-p"<2hlorophenylethyl ketoadme (Burton and Ingold), 919. 

CiiHx20NS2 2:4-Dimethyltliiolb€nzanilide (Hodgson and Handley), 164. 
C15H15O2MS 2-p-ToluenesulphonyldihydroMoindole (Fenton and Ingold), 3295. 
CisHi502N2Br2 4-2':4^:6-Tribromobenzeneazo-5-hydrozy-2:2:3:S*tetiamethylci/cIo- 
pentenone (Shoppee), 2364. 

C„H„0,N, Cl Ethyl 6-chloFonitrotetrabydrocarbazole*9-carbozylate (Plant and 
Bosssb), 2463. 

CisHie02NCl Ethyl 6-cblorotetiabydrocarbazole-9'Carbozylate (Plant and Rosser), 
2463. 


C15H17O4NS Ethyl a-naphthalenesulphonylalanines (Colles and Gibson), 108. 
CisHivOsNqCI Ethyl 6-chloro-ll-nitro-10-hydrozyliexahydrocarbazole-9-carboxylate 
(Plant and Rossep.), 2464. 

CisHisOiNCl Ethyl 6-cbloro-10:ll-d!hydroxyhexahydrocarbazole-9H^rbozylate 
(Plant and Rosser), 2464. 

CifiH2iN2BFS 5-Bromo-l-n-beptylamiao-3-xnethylbenzthiazole (Hunter and 
Styles), 3027. 


CisH2iN2BFtS 5-&romo-l-9i-beptylammo-3*metbylbenztliiazole bydrobromide 
(Hunter and Styles), 3027. 

CxsB22N2BFaS aH}-Tolyl-»']ieptylthiocarbaxmde hezabromide (Hunter and 
Styles), 3027. ^ 

CisH2tN2BFS s-5-Bromo^tolyl-n-heptyltliiocarbainide (Hunter and Styles), 
3027. 

CuH2oNfTe2€p2 Pentamethylene-ac-biscycZotelluripentane l:l^*dichromate (Mor- 
gan and Burgess), 326. 


Oi6 Group. 

GicHiftOs 3-AcefyIpurpiinmntbin (Perkin and STORBY}j 288. 

GieHieOs Anthrapurpurin l:7«dimethyl ether (Perkin and Storey), 237. 

Purputin 2:4-dimethyl ether (Perkin and Storey), 238. 

C18H12N2 3-Methyl-5:6-b6nz-4«carboline, and its salts (Kbbmack and Slater), 
42. 

Methylbenzcarbolines (Kermack suid Slater), 795. ■ - . . . 

C^cHiaN l:2-Indolo{2:3}-3:4-dihydionapkthAiene (Titley), 2577. ^ ' 
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iHisCl 2-Chloro.9-etliylaiitliraceiie (Baenett and Wiltshire), 1624. 

(H14O5 2-Ben2oyloxy-4:6-dim©t]ioxyben2aldeliyde (Eobertson, Eobihson, and 
SrETTlHERS), 1457. 

•HuGe 6:6'-Dimethoxydiphenic acid, and its alkaloid salts. (Keknee and 
Turner), 2342. 

(HiaO y-Plienyl-a-i?-tolylallyl alcobol (Burton and Ingolb), 916- 
[HisOfl Z•a^-Diphenyle^yl acetate (GEERaRB and Kenyon), 2565. 

(HieOs O-Bettzylsyringic acid (Beabley and Robinson), 1555. : 

(HieNs l-Pk«nyl-4-aiiiinomethyl.8:4-diliydroMoqmnolme (Jackson and Ken- 
ner), 1660. 

1 H 17 N Eezahydro-a)3-naplLtliacaTbazoles (Oakesbott and Plant), 1844. 

(HisOs Piperonylidene-oojS-trimethyl-IfiBvnlic acid (Baebhan), 2616. 
iHisSs a-I>i-2»-tolylthiolethane (Bell and Bennett), 3190. 

(HaoOs Benzoyl6xy-2:2:3:3-tetrainetliylcycZopentanones (Shoppee), 1668. 

(H^oQs Ethyl phenylmethanetricarboxylate (FlItrscheim and Holmes), 1612. 
tHsoOg Ethyl tnmethoxyhenzoylacetozyacetate (Brabley and Eobinson), 
1531. 

jHaaOg Ethyl phenylenedipropionates (Titley), 2578, 2583. 

?-i3-Octyl hydrogen teiephthalate (Eule, Hay, Numbers, and Paterson), 
183. 

(HaaOs Ethyl 6-i>-methoxyphenylglntarate (Jackson and Kenner), 1660. 

(HaiOa d-iS-Octyl tolnates (Rule, Hay, Numbers, and Paterson), 183. 

.HasOa Luparol (Chapman), 1305. 

(HagOg Z-Menthyl hydrogen adipate (Eule, Hay, and Paul), 1358. 
iHgoOg Z-Menthyl m-hutoxyacetate (Eule, Hay, and Paul), 1856. 

16 m 

(H10O4N4 2-(2:4-Dinitrostyi7l)qnmoxalme (Bennett and Willis), 1967- 
(HuOaNg Nitrostyzylqninoxalines (Bennett and Willis), 1967. 
iHuOaCl 2-Ohloro-9-8ntbranyl acetate (Barnett and Wiltshire), 1824. 
JH11O4N T- and Z-Phthalimidophenylacetic acids (McKenzie and Walker), 
648. 

K 3 ON 2 8-Keto-l-inethyl-3:4-dihydro*5s6-benz-4-caTholine (Kebuaok and 
Slater), 44, 

tHiaOiNg 3-o-Nitrophenyl-l-methylindo1e-2-oarhozylic acid, and its salts (Keb- 
MACK and Perkin), 48. 

ifiia04€32 Methyl 5:5'-dichlorodiphenyl-3:3^-dioarbozylate (McAlister and 
Kenner), 1916. 

sHiaClBr 2-Chloro-10>bronio-9-ethylanthracene (Barnett and Wiltshire), 
1824. 

iHigOaNg AcetaTnido-3-phenylphthalazones (Bows and Levin}, 2555 ; (Eowe, 
Him MAT, and Levin), 2560. 

^HiaOaNs Diketosuccinimide phenylosazone (Ohattavtay and Humphrey), 
1096. 

iHigOaCl Phenyl ^-methoxy-2?-chlorostyryl ketone (Bennett and Willis), 
1966. 

313O4N a-Phenytallyl j7-nitrobenzoate (Burton and Ingolb), 914. 
sHigOgN Bensyl ^-nitrobenzoyloxymethyl ketone (Brabley and Schwarzen- 
bach), 2906. 

iHigOgNg l«Hydroxy-3-{3'-nitrophenyl)-l;3*dihyd»>phihalazine-4-acetic add 
(Rows, Hxmmat, and ILevin), 2559. 
sHiaOeCl Fconidin chloride (Murakami and Eobinson), 1539. 
sHisOgNg 2;4-Dinitrophenylopianic oxime (Braby, Baerr, Golbstein, and 
Harris), 586. 
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CieHuOjNa S'-Acetamido-^Y-plieDylplitlialiimdme (Rowe, Himmat, and Levin), 
2561. 

CieHi40»Cu Metbyl caprisalicylate (Doae and Packee), 2768. 

CisHiiOiSa 2:2'-I)iearboxymetbyltbioldipbenyl (Baebee and Smiles), 1146. 

CieHwOfiNs 5-Oarboxy-2-metboxypbenylglyoxylie acid pbenylbydrazone {Chatt- 
AWAY and Calvet), 2917. 

Ci«Hi 407CU8 Metbyl basic bydroxycnprisalicylate (Doak and Paceee), 2767. 

OisHuNiASa 2:2^-Diin6tbylarsenoben2iminazole8 (Phillips), 3137. 

Gi«Hx$OsN 3-Acetamido-4-metliylbenzopbenone (Blakey and Scaeboeotjge), 
2492. 

3'-Hydroxy-A’"-pbenyIpbthaliniidine etbyl ether (Rowe, Himmat, and Levin), 
2561. 

OicHisOaNs tsoNitroso-derivative, and its silver salt, of snbstance 
(KKISHNAMtTRTl), 416. 

CieHisOiCl O-Beniyl^ngoyl cMoride (Braelby and Robinson), 1555. 

CiiHiaONi Snbstance, from p-toltddine and benzoylacetonitrile (Reishnamiteti), 
416. 

Ci«His 04N2 j^-Dimethylaminobenzyl nitrobenzoate (Olemo and Smith), 2424. 

CisHieOftS Methyl 2:5-dimethozydiphenylsnlphone-2'-carbozy}ate (Price and 
Smiles), 3157. 

Ci«Hi 70 K Ethyl benzyl-p-tolnoylacetate oxime (Btirton and Inoold), 920. 

Phenyl jS-jp-tolylethyl hetoxime (Biteton and Ingold), 921. 

Cx4Hi70Ns Phenyl ^-phenylethyl ketone semicarbazone (Shoppes), 2571. 

CieHnO^N AT-Benzoyl’d-i^-ephediine, and its hydrochloride (Siecae), 53. 

j7.Dimethylaininoheii2yl.l»nzoate (Clemo and Smith), 2424. 

CieHnOsN) l-Hydrozy-3*(3^<aminophenyl)tefciahydrophthalazine-4-‘ac6tlc acid 
(Rowe, Himmat, and Levin), 2560. 

0ieHi7(>4!f O-Benzylsyringamide (Bradley and Robinson), 1556. . 

CisHigOsBrs p-Bromobenzyl derivative of l-bromo-2:2:8;3-tetramethyl-[0,l,21- 
dtf^c^pentan-4-ol-5-one (Ingold and Shoppes), 388. 

GifHuO^s Dibenzylthiolethane disulphoxides (Bell and Bennett), 3191. 

Hi-p-to<ylthiolethane disulphoxides (Bell and Bennett), 3191. 

Ci 8 Hia 04 lf 9 Ethyl nltro-3-methyltetrahydFocarbazole-9-carboxylate (Plant and 
Hosser), 2459. 

OisHisOsGu Methyl caprisalicylate dihydrate (Doak and Packee), 2766. 

GuHisOsNi Methyl nickelosalicylate dihydrate (Doak and Packer), 2768. 

CjtHisOsN Aoe^lmethyl-^r-indoxylsjrirocycfohexanes (Betts and Plant), 2072. 

Ethyl 3-methyltetrahydrocarbazole-9-Garboxylate (Plant and Rosseb), 2459. 

j7-Bromohen^l derivative of 2:2:3:S-teiEai&ethyH0,l,2>cff^^efopentan- 
4^1-5-one (Inoold and Shopfee), 390. 

Ox«Hi»OsN j>Kitiobenzoyloxy-2:2;3:8-tetramethyleyfi^pentanone (Shopp£s), 1667 . 

CxcHisOgN Ethyl o-nitxophenyl methanetricaiboxylate (FLiiESCBEiM and Holmes), 
1616. 

CitHsiOsN l-Carboxyq^efoheptane-l-acetanilic acid (Vogel), 2025. 

Hydrozy-2:2:3:8>tbtrameihyl<^fopentan€aie oxime (Sboppee), 1668. 

cs<eh>Pentane-l-8cetiG-l<-earboxyliep-tolnidide (Bard ban), 2600. 

CfiiH 2 x 04 N Ethyl I0:ll*dihydrazy-3-methylh6xahydrocarbazole-9^Thoaylate 
(Plant and E<^bb), 2460. 

Borayl benzenesolphonates, deeompoiriiion and hydrolysis of (Patter- 
son and McALFiNEh 2464. 

GitHs406lfs iS-i^Methoxyphenylglntaric dinrethane (Jackson and Kenner), 1660. 

CisHuQsNt Ethyl A^-e]rch?hexenylacetylm8lonafe semicarbazone (Jupp, Kon, and 
Locktdk), 1641. ^ 
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16 III— 17 II 


0 i 6 Hs« 0N2 Metliyl'lupanines, and their hydrochlorides (Clbmo and Lkitch), 
1816. 

Ci 8H2?0 sN Ethyl a-cyano-a-si-bntyl-A^-nonenoate {McEae and Maxsee}, 488. 

Ci8H2#N£l Deoxylupanine methiodide (Olemo and Leitoh), 1819. 

Ci 8H3402S Di-Ti-octylsnlphone (Fenton and Ingolb), 3130. 

16 IV 

C16H12O4NCI p-Chlorocinnamyl alcohol p-nitrobenzoate (Biteton), 1655. 
a-p-Chlorophenylallyl alcohol p-nitrobenzoate (Bttbton), 1655. 

1 ^i 6 Hi 204N2S l-Benzenesalphonamido-8-nitronaphthalene (Mills and £lliott}| 
1298. 

C18H12O4N2ASJ1 3s3-Dihydroxy-6:6'-aTseno-l:4-benz2Scoxazine (NewbeeYj Phil- 
lips, and Stickings), 3056, 

C16H18O7N3S l-3'-Nitrobenzeneazo-i3-naphthaqtiinone-l-sn}phonic acid, sodinm 
salt (Eowe, Hihmat, and Levin), 2558. 

C18H14O4N4AS2 8:8'-Diainino-8:3-dihydroxy-6:6*-arseno-l;4-ben22sooxazme (New- 
BEBY, Phillips, and Stickings), 3060. 

Ci6Hi 408K4S2 3:8^-Diacetamido-4:4'-dinitrodiphenyl disulphide (Hodgson and 
Handley), 164. 

GieHis02NS Beiizoyl-2-methyl-l-xnethylenebenzthiazole (Clabe), 2315. 

CisHisOsNHg Acetoxymercnriacetamidodiphenyl (Bell), 2777. 

^ieHi802N2S2 2:2'-Diacetaznidodiphenyl disnlpHde (Clabe), 2319. 

Ci 8 Hi 802N2AS2 6:6'-Araeno-(2:3*dihydro-l:4-benz/sooxazine)(NEWBEBT,PHiLLiPS, 
and Sticeings), 3064. 

C18HX6O4N2AS2 Diacetamidodihydroxyarsenobenzenes (Balaban), 811. 

Cx,H„0 2NS 2-p-Tolnene8tdphonyl-l-methyldihydroisoindole (Fenton and In- 
gold), 3296. 

C18H17O4NS2 m-Carboxyphenylethylsnlphine-p-toluenesulphonylimine, and its 
resolution (Holloway, Kenyon, and Phillips), 3004. 

CxsHisOsNI Gamphoroiodophenylimides (Singh, Ahitja, and Lal), 2414. 

Ci8Hi804NBr p-Nitrobenzyl deiivatiYe of l-bromo-2:2:3;8-tetrainethyl-[0,l,2]- 
dicyc^pentan-4-ol-5-on6 (Ingold and Shoppee), 388. 

Cis&soOsNl lodocatnphoxaniUc acids (Singh, Ahdja, and Lal), 2410. 

C18H20O8K2NI Methyl diamminenickelosalicylate (Doae and Packeb), 2769. 

Oi 8H280 sNS Menthylp-nitrohenzenesnlphonate (Bell), 2777. 

Gi 8H2406N€I Tetramethyl glucose p-ohloroauilide (Baker), 1982. 

Ci 8H2405 NBf Tetramethyl glucose p-bromoanilide (Baker), 1982. 

Ci6H250eN2As fn-Nitrobenzoyl-y-n-hexylaminopropylarsinic acid (Gough and 
King), 2442. 

C„H 270N2I Lnpanine methiodide (Gleico and Leitch), 1816. 

16 V 

G16H13O4NGI4S 2:4-BisdichloromethyM:3-ben2dioxin-6-sulphonanilide (Chatt- 
AWAY and Mobbis), 3246. 


Oi7 Group. 

Ci7Hi304 4-Hydro^-3:8-dimethoxyphenanthrene-5-caTboxylactone (Gulland and 
VIBDEN), 928. 

G17H1SO5 3-Ace1ylparpuxozanthin 1-methyl ether (Perkin and Storey), 339. 
C17HX2O8 l-Acetylpnipnrin 2-methyl ether (Perkin and Storey), 238. 

2-Bthylcarbonatoalizarin (Perkin and Storey), 240. 

G17H12S2 2-PhenylpmDaphtha-l:3-dithiane (Price and Smiles), 2374. 

G17H14O2 «-3-Hydrindonylacetophenone (Jackson and Kenner), 579. 
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C„H„N, l:3-Dimethyl-5:6-beDz-4-carl)oliiie (Keemace and Slater), 45. 

3:4-Dimethyl-5:6-benz*4-^-carbolii]e (Eebmace and Slater), 796. 

S-Etliyl-Sid-benz^-carboline (EEBUAdE and Slater), 42. 

G17H15OS Benzoyl deriyative of 4>phenyl<*2-pyrrolidoi]e (Jacesok and Eeknsr), 
1H59. 

C17H15GI 2-Ohl0ro-9-«-propylantbracen6 (Barnett and Wiltshire), 1824, 

C17H16O3 Phonyl j8;3-dimethoxy3tyiyl ketone (Bennett and Willis), 1967. 

Gi7Hie05 2':4':6'-Trimethoxyplienylplitlialide (Lund), 1573. 

C^HisOs 2':4':6'-Trimethoxyben2oyl-e-l)enzoic acid (Lund), 1674. 

Ci7Hig04 4-Ben:^lozy-3:5-dimetliylacetoplienon6 (Bradley and Robinson), 1564. 

CxrHisOs Methyl G-ben^lsyringate (Bradley and Robinson), 1555. 

C17H20O1 Benzoylcamphor, physical properties of (Lowry, MaoCoisteet, and 
Burgess), 1333. 

Ci?H2oNa l-(8^-Tetra}iydropentmdyl)-l-cyanoc;^c2dpentane, and its picrate (Plant 
and Eippon), 1912. 

C17H22O6 Ethyl ^-carbethozybenzylmalonate (Titlet), 2581. 

C17H24O8 Ethyl SzS'-dimethozydiphenylglntarate (Jaceson and Renner), 1661. 

CirHaeOio 2:3:4 :6-Tetra-acetyl iS-isopropylglncos^de (Hiceinbottom), 8146. 

C17H30O4 Z'Mi'nthyl hydrogen pimelate (Rule, Hat, and Paul), 1358. 

C17H31N Z-Diroethyldihydro-a-cnrcmnenylamine (Rao and Siuonsen), 2504. 

C17H32O3 Z-Menthyl n-amyloxyaoetate (Rule, Hat, and Paul), 1356. 

17 ni 

C17H8O3S 8:4-Naphtbathioxanthone-l:2-qiiinoDe (Price and Smiles), 3159. 

C17H10O4S l:2-Naphthaqtunone 2'-carboxyphenyl sniphoxide (Price and Smiles), 
8159. 

C^iyHiiO tNg 2-[01yoxalmyl-4(5)]-5-naphthacinchoninic acid (Hubball and Py- 
man), 26. 

C17H11O 4N3 2-{2:4-Bxnitrostyryl)-quinoline (Bennett and Willis), 1973. 

C'i 7 HiiO«Ns 2-(2;4:6-TrinitrostyTyl)-3-methylqninoxaline (Bennett and Willis), 
1970. 

€i7Hi20Gl8 Diehlorostyryl ketones (Heilbron and Hill), 2867. 

Gx7Hi203Br2 5:5'-.Dibromo.2:2'.dihydroxydistyryl ketone (McQooEZN and 
Sinclair), 1173. 

CiTHisOaS o-Carboxyphenyl 2-hydroxy-«-naphthyl sulphide (Price and Smiles), 
2363. 

Gi 7 Hi 204N4 2-(2:4-Dinitrostyi7l)-S-niethylqninoxaline (Bebneit and Willis), 
1970. 

G17H12O7S 2:4-Diaceto2ythiozanthQne dioxide (Price and Suiles), 3158. 

GijHxsOCl Chlorodistyryl ketones (Heilbron and Hill), 2866. 

G17H13O2K 3:8-Bimethoxythebenidine (Gulland and Virden), 927. 

G17H14OSN3 2-i»-Nitroatyryl-S-methylqmnoialine (Bennett and Willis), 1969. 

Cx7Hia03Ns Biketosnccinanil p-tolylhydrazone (Chattaway and Humphrey), 
1098. 

Gi?Hi 40^ 2:5-DiacetoxydiphenylsnlphoBe-2'>carboxylic acid (Price and Smiles), 
3157. 

C17H15O2GI Chlorohydroiy-^-phenylethyl styiyl ketones (Heilbron and Hill), 

2866. 

Phenykhlorophenylallyl acetates (Burton and Inoold), 918. 

G17H15O4N a-3*Methylcinnamylj?-nitiobenzoate (BrRTON), 1656. 
4-Hethyicinnamylp-nitrobeBxoate (Burton and Ingold), 915. 
o^m-Tolylallyl p-nitrobenzoate (Burton), 1656. 
a*j>-TolylaUyIp-nitrobenzoate (Burton and Ingold), 915, 
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1? ili— 17 iv 


C17H1SO5N3 Methyl 1 -hydroxy-3-(3'-nitropheDyl)-l ;8-dihy<irophthaIazine-4-acetate 
(Eowe, Himmat, and Levin), 2559. 

CitHisO.CI 5;7:4'-Trihydroxy-3':5'-diinethoxyflaYyliuTn chloride (Bradley and 
Robinson), 1566. 

C 17 H 15 O 7 CI Malvidin chloride (Bradley and Robinson), 1562. 

Ci 7 HieOS 2 2-Benzoyl-2-phenyl-l:3-dithian (Chivees and Smiles), 701. 

Ci 7 Hi 903N2 a-S-Hydrindonylacetophenone dioxime (Jackson and Kenner), 
579. 

Ci^HitOsBFa ay-Diphenylallyl bromides (Burton and Ingold), 916. 

C^HieOsNa 3-Hydroxy-2':5'-dimethoxy-2-benzylqTunoxaline (Gulland and 

Virdbn), 1482. 

C 17 H 1 SO 4 N 2 «-Diazo-4-benzyloxy-8:5-dimethoxyacetophenone (Bradley and 

Robinson), 1560. 

C 17 H 17 ON Propionylacetophenoneanil (Lotett and Roberts), 1977. 

Ci7Hi708N» Propionylacetophenone i?-nifcropheaylhydrazone (Lovett and 

Roberts), 1977. 

C17H17O5N 2SoNitro9o-4-ben2yloxy-8:5-dimethoxyacetophenone (Bradley and 
Robinson), 1565. 

Ci 7 Hi 70 $Ns 5'Kitro-2-ethoxy-^-tolyIglyoxylic acid phenylhydrazone (Ohatt- 
AWAY and Calvkt), 1098. 

C 17 H 1 SON 3 Substance, from m-4>xylidine and benzoylacetonitrile (Krishna* 
MURTI), 416. 

C 17 H 13 ON <tf-Dimetbylammo*«-benzylacetophenone, and its picrate (Stevens, 
Creighton, Gordon, and MacNicol), 8196. 

C 17 H 80 O 4 S 4 Propane ay-dl-p-tolnenethiolsnlphonate (Chivers and Smiles), 
700. 

Ci 7 H 330 eSs Trimethylene glycol di*j?*tolaenesnlphonate (Gough and King), 
2446. 

C'i 7 H 3 i 0 aN 7-Acetyl-8;10-dimethyl-^indoxyl^^rocyc2ohexane (Betts and Plant), 
2078. 

Gi 7 H 3 iO«CI Ethyl chloro-p*earhethoxybenzylmalonate (Titlbt), 2581. 

Ci7Hai0sP Ditolylox3ri8ois:opyl phosphates (Boyd and Ladhams), 219. 

^uHstONf l*(8'*Tetrahydropentindyl)eycl&pentane-l-carboxyamide (Plant and 
itippoN), 1912. 

Oi 7 H 2 tOSa Phenylbeozyl-n-butylstannic hydroxide, and its salts (Kipping), 
2371. 

C17H23OSN Atropine, spontaneous resolution of sulphate of (Anderson and 
Hill), 993. 

i8-eye2»Hexylglutaranilic acid (Sircar), 56. 

G^iHsiONs 8:3:4 :4-Tetramethylcyc2^opeuiane>l :2-dione p-dimethylanil (Ingold and 
Shoppee), 396. 

C 17 HS 7 O 5 N Tetramethyl glucose p-toluidide (Baker), 1982. 

€i 7 H 370 eN Tetramethyl glucose p-anisidide (Baker), 1982. 

Ci 7 fla 70 N Ac-.tyl derivative of Mihydro-a-curcummylamiae (Rao and SiMON- 
SEN), 2508. 

CiTH^gOiN Z-Dihydro-a-curcumenylamme (Rao and Sihonsen), 2502. 

17 IV 

CiTHiaOaNiCU 6-p-Tolueneazo-2;4'’bistrichloroinethyM:3-benzdioxm (Ghatt* 
away and Calvbt), 1092. 

Gx 7 Hic 04 NsS 5:6-Benz-4-carboline metbosulpbate (Kebmack and Slater), 
795. 

CiTHtaONBr PheBacylben^ldimethylammonium bromide (StbyiSNS, Cbeighxon, 
Gordon, and MacKicol), 3196. 
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CiyHsaONaS Acetyl derivative of l-a-beptylamino-S-methylbeDzthiazole 
(H'fotbr and Styles), 8027. 

Ci7H3oON3l Methyl-lupanine metModidea (Clbmo and Leitgh), 1817. 
C17H30O5N2S Lnpanine methosnlphate (Ousho and Leitgh), 1816. 

O18 Group. 

C18H12O7 Diacetylanthrapurpnrins (Peeein and Stobey), 235. 

GisHxaNa 3:4'-Diqidnolyl, and its picrate (Mills and Obdish), 85. 

GX8H14O6 l-Acetylpnrpnrin 2:4-dimet!iyI ether (Pebexn and Storey), 238. 

Ethylcarbonatoalizarin methyl ethers (Pebseet and Storey), 240. 

CxjHisN 2-Styryl-3-methylqninoline (Bekbett and Willis), 1973. 

CigHisOi 5-Ald6liydo-3:4:8-trimethoxyphenanthrene (Oulland and Virden), 
926. 

Traxinic acid, syntliesia of (Vogel), 1021. 

GisHxeOs Ethiyl benzoylbenzoyloxyacetate (Bradley and Kobirsoe), 1548. 

5:7:4'-Trimethoxyi8o6avone (Baser and Robinson), 8117. 

GisHieOs Irigenin (Baser), 1022. 

GigHieNa ^iV'-Diphenyl-o-phenylenediamine (Gibson and Johnson), 1988. 
GisHuOs Phenyltolyiallyl acetates (Burton and Ingold), 916. 

GX8H18O4 3:4:5:8'Tetrametbozypkenanthrene, and its picrate (Gylland and ViR- 
den), 1486. 

fl0*Benzoylozy-8:4:5-tTimethozyacetophenone (Bradley and Robinson), 

1560. 

Methyl 6:6'-cUmethozydiphenate (Kenner and Turner), 2341. 

Gi8H2a05 d-Carenc-i3-glycol hydrogen phthalate (Pillat and Simonsen), 362. 
GisHatMs l-(d'>Hexahy^ocarba^l)-l-cyanocyc2opentane (Plant and Rippon), 
1909. 

Gi8Ha408 Ethyl carbethozybenzylmethylmalonate (Titlst), 2582. 

C„H„0, 2-Hydroxy8tyiyl nonyl ketone (Heilbron and Irving), 2826. 

Gi8H3a04 Z-Menthyl hydrogen suberate (Rule, Hay, and Paul), 1358. 

O18H34O3 Z-Menthyl n-hexyloxyacetate (Rule, Hay, and Paul), 1356. 

18 m 

CisHisO^N 2-lfitro8tyryl-3-metliylchromone8 (Nisbet), 3122. 

2-(2;4-Dinitrostyiyl)methylqniiiolmes (Bennett and Willis), 1973. 
CigHuOfNa 2-MethyIenedioxystyi7l-3-methyIqmnozaline (Bennett and Wilus), 
1968. 

GigHisOsKs 2-m-l!Titroslyiyl-3;6-dimethylqninoxaT2ne (Bennett and Willis), 
1972. 

GisHxsOaH 3:428-Trimetho]^-5-cyanophenantbrene (Gulland and Viedbn), 927. 
GisHxeOHa 2-MethoxyBtyiyl-S-inethylqninoxalines (Bennett and Willis), 1969. 
GxsHxgOsHt Hitxoacetyltetrahydro-a'iS'-naphthaearbazole (Oaseshott and Plant), 
1846. 

GieSixON Acetyltetrahydronaphthacarbazoles (Oaseshott and Plant), 1843. 

S-Bimzoyltetrahydropentindole (Plant and Rippon), 1911. 

CigHxxOsGl Ethyl ben^l-p-chlorobenzoylacetate (Bubton and Ingold), 920. 

Ethyl jHddoroben^lbenzoylacetate (Burton and Ingold), 919. 

GxgBxxOaGI 6-Hydioxy-4'-methoxy-6;8-dimethylflavylinm chloride (Robertson, 
Robinson, and Steuthebs), 1458. 

GxsHxtOiE 5-AIdeihydo-3;4:8-trimethozyphenanthiene oxime (Gulland and Vir- 
DEN), 927. 

I'zbHi 705M tt«B enz«mid oo2:S«dimathQ!gy mnna.miV . add (Gulland and Virden), 
1481. 
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C«Ht ^OsNs Ethyl l-hydroxy-3-(3'-iiitroplienyl)-l :3-dihydropIithaIaadne-4-aeetate 
(Rowe, Himmat, and Levin), 2559. 

CwHitOjCI 5:7-Dihydroxy-3:3';5'-trimethoxyflavylinni chloride (Robertson, 
Robinson, and Suoiura), 1536. 

G23H17O7CI 3:5:7-Trihydroxy-3':4':6'-trimethoxyflavylLTim chloride (Bradley 
and Robinson), 1551. 

Ci«Hi«02N2 3-Hydroxy-2-(6'-methoxy-8'-ethylbenzyl)(iumoxaline (Gullanb and 
Virdsn), 931. 

Ci«Hi804 N2 Methyl 8:4:3-triinethoxyphenanthrene-5-carboxylate hydrazide (Gttl- 
LAND and Yibdbn), 926. 

2'-N’itro-6:7-dimethoxy-l-benzyl-3:4-dihydroMoquinoline, and its hydrochloride 
(Gulland and Haworth), 586. 

CisHisON Acetylhexahydro>fl^*naphthacarbazoles (Oakeshott and Plaint), 
1844. 

Cis&isOsN Hydroxyphenylthymylacetonitriles (Bell and Henry), 2225. 

CigHiftOsN Cateehylthymylacetonitrile (Bell and Henry), 2226. 

Ci 8 Hi» 04 Ns l-Hydrozy-3*(3^-acetamidophenyl)tetrahydrophthalazine-4-adbtic acid 
(Rowe, Himmat, and Levin), 2560. 

CisHsqOsNs 2^-Nitrophenylaceto-i3*3:4-dimethoxyphenylethylainide (Ghlland 
and Haworth), 585. 

G 18 H 20 O 8 N 4 Dinitro-iVi^^diGarbethoxybenzidines (Le FtiVBE and Torner), 252. 

C 18 H 21 O 2 N l-(9^-Tetrahydrocarbazyl)cyc^opentane-l-carboxylic acid (Plant and 
Kipfon), 1910. 

GiaH2i08N2 2-Nitro-iV’iV’''-dicaTbethoxybex}zidine (Le FhvRS and Turner), 252. 

GiaHafOiNa 4^0arbethoxybenzeneazo-5-hydroxy-2:2:8:3>tetraiQethyl-A*-e^clo- 
pentenone (Shoppes), 2364. 

C 18 H 24 ON 2 l-(9^*Hexahydrocarba2yl)c^c^pentane-l>carboxyamide (Plantt and 
Bippon), 1910. 

OigHisOGI Chlorosiyiyl nonyl ketones (Heilbron and Irving), 2326. 

GuHsiNI 7*l}ihydro-a*cnrcmnenyltriniethylammoninni iodide (Rao and SiuoN- 
SEN), 2503. 

18 IV 

Git8H20sBF7Se Tri-8:5-dibromotri-4-hydroxytriphenylselenonium bromide (Mor- 
gan and Burstall), 8266. 

Gi 8 Hi 20 NBp Phenafjyl-jS-phenylethyldimethylammonium bromide (Stevens, 
Creighton, Gordon, and MaoNiool), 3195. 

Ci8Hi803Bp4Se Tii-3-bromotri-4-hydroxytriphenyl8elenoninm bromide (Morgan 
and BdrsTall), 82n5. 

Gi 8 Hi 2N2C]2AS2 Bichlorotetrahydroisobenzarsazinephenarsazines (Gibson and 
JOHNS<iN}, 2211. 

0 i 8 Hi 2N2BP8AS2 Dibromotetrahydrobenzarsazmephenarsarines (Gibson and 
Johnson), s213. 

Gi8HuN2l2AS2 Di-iodotetrahydrobenzarsazmephenarsazine (Gibson and Johnson), 

G18H14O4H2AS8 Benzarsazinicphenarsazinic acids, and their sodium salts (Gibson 
and Johnson), 2212. 

G18H14O8N2S ^-Benzenesulphonyl-8-nitro-l-naphthylglyeine, and its bmcine salts 
(Mills and Elliott), 1299. 

CisHiiOsClSe Trihydfoxytriphenylselenoninm chlorides (Morgan and Burstall), 

CisHiiOsNSe Tri-4-hydroxytriphenyl8elenoniiim nitrate (Morgan and Burstall), 

CuHisOsCISe Tii-2:4-dihydroxytriphenyIselenoniam chloride (Morgan and 
Burstall), 3269. 
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G 18 H 16 ON 4 S Dibenzjlidene derivative of 3-animo-2:4-diketo*5-ZQ6t}iy]tetxahydro- 
ihiazM.e 2 -hydra 2 one (Stephen and. Wilson), 1419. 

Gi 8 Hi« 04 NsAS 3 3;3'-Dihydrozy>S:8^-diineth7l*6:6'*ai:aeno>l:4*beiiz£soozazme(NEW- 
ivERY, Phillips, and Stiokings), 8061. 

Gi8fii804N2S l:4-Dimetliyl-5:6-l]enz-4-earboliniam metliyl sulphate (KsEUi.CK 
aud Slater), 795. 

8-Met}iyU5:6-lMnz>4-carboline methosulpliate (Kebhage and Slater), 796. 
Ci8Hi 806N3AS8 l:3<Phenylen6dianiinodi-o-phenylarsinic acid (Gibson and John- 
son), 2211. 

CisHsoOsNsSs 2;2'-Dipropionainidodiplienyl disulphide (Olabe), 2319. 
Ci8H2oO*N2Sea 2:2'-Diacetin«>thylaTnidodipheByl diselenide (Clark), 2317. 
G} 8 H 8 o 04 N 2 S 2 Diacetamido-5:5^-dimethozydiphenyl disulphides (Hodgson and 
Handley), 626. 

^i 8 %o 04 N 2 AS 2 3:3'''Diacetamido-4:4'>dthydrosj>5:5'’-dimetfaylarsenobenz6ne(HEW- 
BEHY, Phillips, and Stiokings), 3061. 

G 18 H 22 ONBF ft?-Dimethylaiiiino-«^ltenzylacetophenone methobroxnide (Stsyens, 
UrEighton, Gordon, and MaoKzcol), 3197. 

GigHasONI Phenacylphenyldiethylammoniazn iodide (Steybns, Creighton, 
Gordon, and MagNigol), 3195. 

C 18 H 22 O 4 N 2 S 4 Dithianbis-p-tolneneaulphonylixnines (Bell and Bennett), 92. 
^isHiiOisNaCOf Hexa-allykmineperoxodihydroxodicobalt trinitrate (Bucknall 
and Wardlaw), 2651. 

18 V 

Gi 8 H 4404 N 8 Gl 8 CO 2 Hexa-allylamlneperoxodihydroxodicobalt trichloride (Bock* 
NALL and Wardlaw), 2649. 

Cu Group. 

C 29 H 18 Tripbenylmetbyl, pbotodecomposition of (Bowden and Jones), 1149. 

19 n 

C 18 H 14 O 7 Diaceiylanthrapnrpurin methyl ethers (Perkin and Storey), 235. 
C 18 H 14 S 2 Benzaldehydediphenylene-2;2'-mercaptd (Barber and Smiles), 1146. 
GifHieO? TrimetboxykedaYonecarboxylic acid (Baker and Robinson), 3117. 
Ci8Hi 802 4-Acetonyl-3-pbenyl-2-metbyl-l:4-bttnzopyran (Hill), 258. 

4-Pbeuacyl*2:3-dimetbyl-l:4-benzopytan (ELill), 258. 

Gi8Hu 08 2:3:5:6-TetrametboxyphenantbrBne-8-Garboxylic acid (Barger and 
mLBERSOHMIOT), 2922. 

3:4:5:8-Tetiametboxypbenantbrene-9-carboxylic acid (Gulland and Yirden), 
1486. 

TrimetbylbrazUone (Perkin, Ray, and Robinson), 1510. 

Cx 2 H 2 eOa Ethyl benzyUp-toluoylacetate (Burton and Ingolb), 920. 

Ethyl p-methylbenzylhenzoylacetate (Burton and Zngold), 920. 
3;4;8-Triincthoxy>5-«thylphenanthrene (Gulland and Yirden), 933. 

C 18 H 28 O 4 Dihydrodeoscytnmethylbrazilone (Perkin, Ray, and Robinson), 1510. 
C'liHiaGs ai-Acetoxy-4-benzyloxy>3:5^methoxyacetophenone (Bradley and 
Robinson), 1560. 

’TriniBtbyldihydrobraanone (Perkin, BIy, and Robinson), 1512. 
Tolylthymylacetio add. (Kell and Henry), 2^5. 

CuHasO? Ethyl p-xnethoxypbenylpropane-aaT-tricarboxylate (Jackson and Ken- 
ner), 1660. 

C 18 H 84 O 4 f-Menthyl bydn^n aselate (Rule, Hay, and Paul), 1358. 

Methyl elaidate, oxidation of (Hilditch and Lea), 1576. 

Methyl oieate, oxidation of (Hilditch and Lea), 1576. 
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19 11-19 IV 


• CisHseOs Z-Menthyl ?i-heptyloxyacetate (Rule, Hay, and Paul), 1356. 

G 19 H 40 O Octadecjl mathyl ether (Hsilbbok and Owens), 1946. 

19 ra 

Ci 9 HiaOaN 2 Diqnmolyl- 2 -carbosylic acids (Mills and Orbish), 85. 

GuHiaOaBPs 4:5-Dibromo-3-bHnzoyloxydiphenyl (Hinkbl and Hey), 1203. 

GuHiaOsBr 5-Bromo-8-benzoylnxydiphenyl (Hxnrel and Hey), 1208. 

G1SH15O4H 5-Keto-2-phenyl-4*(2':6'-dimethoxyben2ylidene)-4:5-dihydro-oxa2ole 
(Gullanu and Vibdbn), 1481. 

GX9H14O4N8 6-Benzoylamino-3:4-dihydrocoumarin-4-cyanoacetamide (Seshadri), 
172. 

G19H17O3N 5-Keto-2.phenyl-4-{6'-methoxy-3'-ethylbenzylidene)4;5-dihydre- 
oxazole (Gulland and Vibben), 930. 

Gi9Hi80ir2 2-;?.Methoxyatyryl-3:6-dimethylqmnoxaIine (Bennett and Willis), 
1971. 

Gi 9 Hi 80 «Ns 2'-Nitro-3';4-dimethoxy-6:7-methylenedioxy-l-ben^l-S:4-dihydro- 
isoqniuoline, and its salts (Gullanb and Haworth), 1184. 

2'-Nitri>-6;3';4^triinethoxy-l-benzoyl-3:4-dihydrotsoqiiinolino (Gulland and 
Haworth), 2086. 

G19H19OII Benzoylhexahydroqninidenes (Perkin and Plant), 643. 

C19H19O4N8 5-AId6bydo-8:4:8-triinethoxyplienanthrene semicarbazone (Gulland 
and ViRDEN), 926. 

C19H19O5N 7:8:2';5'-Tetratnetboxy-3-phenylcarbostyril (Gulland and Virdbn), 
1484. 

2-Nitro*-3;4:2^:5'-tetrametlioxy-a-phenylcinnamic acids (Gulland and 
VIRDEN), 1482. 

Gi 9 H 2 oOsN« w-S-Hydrindoxylacetophenone disemicarbazone (Jackson and Ken- 
ner), 579. 

Ci 9H8 o 08N2 2'-Nitro-6;3^:4^-trimethoxy-l-benzyl-3:4-dihydroisoqTiinoliBe, -and its 
salts (gulland and Haworth), 2085. 

G}9fi8o07N9 2'-NitTo-3':4''-diiDethoxyphenylaceto-j9-3:4-inethyIen6dioxyph6nyl- 
ethylamide (Gulland and Haworth), 1184. 

G 19 H 21 O 2 N Anisylthymylacetouitrile (Bell and Henry), 2225. 

5s6-l!)im.ethoxyaporpbine, and its hydrochloride (Gulland and Haworth), 
590. 

Tolyltbymylacetonitrile (Bell and Henry), 2225. 

Gi9H2iOaNa 2-{4':5'-Dimethoxy-2'-i8-raethyIaminoethyl)phenyl-8-oximinoindole 
(Gulland and Haworth), 588. 

G19H21O4N Laurotetanine, constitution of (Bargee and Silbebschmidt), 2919. 

CisHaiO*!! 2-Amino-3;4:2':5'-t8tramethoxy-o-phenylcinnamic acids (Gulland and 
ViRDEN), 1483. . 

Ci 9 H 2208 N 2 2-(4':5'-Diniethoxy-2'-i8-inethylaminoethyl)phenylindole, and its 
hydrochloiid# (Gulland and Haworth), 587. 

C19H2SO4N2 2'-Nitro-3':4'-dimethoxyphenylaceto-3-3-inethoiyphenylethvlaniide . 
(Gulland and Haworth), 2084. 

Ci9He80aN Diethylaminoethyl diphenylcarboxylates, and their hydrochlorides 
(Bell), 3248- 

GiaHasOsN Tolylthymylacetamide (Bell and Henry), 2225. 

CisH» 40 tN 2 2'"-^**uua-6:7-di2nethoxy“l-ben2y‘l-2-methylcetrahy(iroMoqiiinoline, 
and its hydrochloride (Gulland and Haworth), 589. 
2<(4':5-Dimethoxy-2'-8-inetbylaininoethyi)phenyldihydromdole, and its hydro* 
chloride (GuLLAip and Haworth), 589. . 

19 ly 

8:6-Di-iodo-4-ben2oyloxyazoben2ene (Hunter and Barnes), -SOOT, 

8417 
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FOBSCULA niDEX 


c„h«0,n.bp 3-Bromo-4-benzo7loxjbeiiz6ne (Huii^ter and Babkes), 2064. 
CitHisOsNsI 3-Iodo-4-bexizojloxyazobeiize&e (Hunter and Basxe8)j 2065. 
Ci»Hx 40 sN 4S 3:5:4^'Trinitxo-2-;i-tolnenesnlp}ionamidodiphenjl (Bell), 2775. 
CiftHisOsNsCl d-Ohloronitro-O-benzoyltetraliydTOcarbazQle (Plant and Bosseb), 
246S. 

GuHjsOeNsS 3:5-Dmitro-^-tolnenesnlplionamidodiplienyls (Bell), 2774. 
C19H14ONCI 6-Chloro-9-bexizoyltetrahydrocarbazole (Plant and Bosseb), 2463. 
CisHisOaNsS Nitro-2-p-toIneiiesulphonamidodipbenyls (Bell), 2774. 

OuHifOsNS 2-p-Tolttentfaulp!ionam3dodiphenyl (Bell), 2774. 

Ci 9 Hi 704 NjCI 1 6-Ghloro-ll-nitro-10-hydroEy-9-ben2oylIiexahydrocarbazole (Plant 
and Kosseb), 2483. 

Ci9Hi 7N2XS l':2-Dimetbylthio-i{/>cyanine iodide (Hameb), 213. 

[2X869 2:2'-I>imethyl8el(^nocarbocyanme iodide (Ciabe), 2318. 
GX9H1SON4S Dibenzylidene derivatiTe of 3‘amino-2:4-diketo-5-etbylietrabydro- 
thiazole 2-bydrazone (Stephen and Wilson), 1419. 

CiftHftoOsNX Hydrobydraatinine phenacyloiodide (Stevens, Cbeightoh, Gordon, 
and MacNicol), 3196. 

C19HX0O4N9S 8-Etbyl-5:6-benz-4-carboline metbosnlpbate (Kebmace and Slateb), 
797. 

li3:4*Trimetbyl«5:6-benz-4-carboliniian metbyl sulphate (KsBMACEand Slateb), 
796. 

C19H91O4N9I 2' •Nitro-6:7 •dimetboxy-l-ben2yl-3:4-dibydroisoqalnoline metbiodide 
(Gulland and Hawobth), 586. 

Gx9H9«03PtS Bromocampborsnlpbonyl derivative of l-bromo-2:2:3:3-tetianietbyl- 
[0, 1, 2]*dic2/c2opentan*4-ol-5-one (Ingold and Shofpse), 387. 

GitHssONsGl 2-Oblorostyiyl nonyl ketone semiearbazone (Hsilbbon and I&ving), 
2326. 

19 V 

Gx9Hi909NtGlBF 3-Gbloro-5-bronio*4*benzoyloxyazobenzene (Hunteb and 
Babnes). 2065. 

Gi9Hi909NaCil 3>Cbloro-5-iodo-4<benzoyloxyazobenzene {Hunteb and Babnes), 

2065. 

CxaHiaDaNiBrl S-Bromo-Sdodo-l-benzoylozyazobenzene (Hunteb and Babnes), 

2066. 

CisHxftOaNBrS 8-Bronio-4-p-tolaenestilpbonamidodipbenyl(BELL}, 2778. 

dso Group. 

GaaHst Hipixtene, oxidatlnii of (Bbxggs and Shobt), 3118. 

20 n 

GiaHioOf l:l'-Dinapbtkylene 2;8':2':8-diozide (Clsho and Spence), 2815. 
CsMifis o-Binapbtbaqninone oxide (Clemo and Spence), 2817. 

iSoDlnaphthaqainone oxide (Olemo and Spence), 2817. 

GmHiiO l:l''-I)inapbtbjl**ne 2:2'-ox!de (Olemo and Spence), 2815. 

MoDinaphtbylene oxide (Cleko and Spence), 2816. 

C90HXSO4 Dibydroxydinapbtbaqninone (Olemo and Spence), 2817. 

X:l'-Dina|»htbvlene 2;2'-$alpbide (Babbeb aud Smiles), 1148. 

GitHiaSx I:l''-I)iuapbtbylene2:2^*<iisnlpbide (Babbeb and Smiles), 1148. 
GMHx40t B-Dinapbtbol (Olemo and Spence), 2815. 

Ga^xxOa Pbesolphtbalein, constitution of (Lund), 1569. 
3-Pbeuyl-6-pxperoByUd«nemethyl-4-pyrone, and its salts (Gibson and Simonsbn), 
2311. 

Bietbylearbonatoalizarin (Pebkin and Stobet), 240. 
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20 11—20 III 


CsoHieOs 2:3*DiethylcarbonatoaiitliTagallol (Perkin and Storey), 242. 
2:7-DiethylcarbonatoanthTaparparin (Perkin and Storey), 233. 

CioHivN 1:8-Diphenyldihydroisoindole, and its salts (Boyd and Ladhams), 
2093. 

G20H18OS Metbyl dibenzoyltartrate (Findlay and Campbell), 1773. 
r-jS-y-Dipbenylbatans-aaaS-tetracarboxylie acid (Vogel), 1019. 

C20H20O4 Dimethyl traxiuate (Vogel), 1021. 
2:3:5:6-Tetramethoxy-8*vinylphenant]iTene (Barger and Silberschmidt), 
2922. 

€ 2 oH 2 o 05 3:4:8-Trimethoxy-5-etliylphenanthrene-9-csapbosylic acid (Gulland and 
Virdbn), 933. 

02 oH 2 oO 8 Irigenin dimethyl ethers (Baker), 1031. 

CooHaaOe Ethyl 0-benzylsyringoylacetate, and its copper salt (Bradley and 
Robinson), 1557. 

C 20 H 24 N 4 ^'.Tetramethyldiammodiphenyl[glyoxalinyl-4(5)-]methane (Httbball 
and Pyman), 26. 

C20H18O8 Ethyl i9>3:4-dimetlioxyphenylpropane-aa7-tricarboxylate (Jackson and 
Kenner), 1661. 

G'2(|H28 Sii Dibenzylethyl-n-bntyhtannane (Kipping), 2372. 

CmHsoOs 3:4-Dimethoxystyryl nonyl ketone (Heilbron and Irving), 2324. 

C20H88O4 Z-Menthyl hydrogen sebacate (Rule, Hay, and Paul), 1358. 

G 20 H 88 O 8 7-Menthyl ?i-octyloxyacetate (Rule, Hay, and Paul), 1357. 

20 in 

G20H10OBP2 DibromoiVodinaphthylene oxide (Clemo and Spence), 2816. 

C„H»04H. 2:3-Di-j>-nitrophenylqumoxaline (Ohattaway and Coulson), 1368. 
2-m-Nitrophenyl*3-nltrophenylqmnoxalines (Chattaway and OoulsoN), 1087. 

C20H1SI8S2 Di-l-iodo«2-naphthyl disulphide (Barber and Smiles), 1145. 

^tsHiiOfNa 2-p-Nitrophenyl-3-phenylquinoxalin6 (Chattaway and Coulson), 
1084. 

G28HX8O4BP Bromo-2-phenyl-6-piperonylide]]Le0iethyl-4-pyrone . (Gibson and 
Simonsen), 2312, 

G 2 oHi 40 s 2 f 3 2:3-DiO-lui7lvxnjI)qnmoxalme (Bennett and Willis), 1969. 

G 2 oHx 402 Se Bi-2-hydrozydi-l-naphthyl selenide (Morgan and Burstall), 
3269. 

G2aHi404S4 l:l'-Dithlodinaphthalene-8:8'-di8nlphinic acid (Price and Shilbs), 
2373. 

G20H14O5N4 Dinitrobenzilphenylhydrazones (Chattaway and Coulson), 1087, 
1363. 

G2oHi406Sa Bis-2'-carboxyphenylthiol-2:4>dihydroxyhenzene (Price and Smiles), 
2862. 

G80HX4O8S4 l:l^-DithiodinaphthaIene-8:8'>disnlphoDic acid, and its sodium salt 
(Price and Smil^), 2372. 

GsoHxsON l-Hydroxy-l:3-diphenylisolndole, and its hydrobromide (Boyd and 
Ladhams), 2091. 

GxoHisOsNa 4-Nitrobeimlphenylhydra2ones .{Chattaway and Coulson), 1083. 

CseHxeONs Nitroso-l;3-diphenyldihydroiscindole (Boyd and liADHAHs), 2093. 

CasHitOsNi Benzophenyl-3-nitioben^lamide (Reilly, Moore, and Druhm), 
564. 

GaoHxfOGI 3-Phenyl-5-chIorosiyi7lc^ohexen-l-on^ (Heilbron and. Hill), 
2869. 

C*oHx 702 Ns 4;4'-Diketo-l:l':2'-triinefchyl-l':4'-dihydro-2(3')-qtunolylquinassoIine 
(Heilbron, Holt, and Kitchen), 933. 
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CMHisOiSf l:3-DibeiizyltiiiolbenMae disolphoiides (Bell and BEtWEXT), 
819E. 

Kitro-9-beiizoyl-3-metlijli%tiahydrocarbazole (Plant and Rossze), 

2469, 

CS0H1SO4N3 8-o-Oarboxyphenylmetliylcarbaniyl-l:2-dimethyl-4-quinoloiie (Hsil- 
BhON, Holt, and Kitchen), 937. 

G20H1SO6M0 Molybdyl bisbenzoylaceione {Mob£^an and Castell], 8255. 
CmHisOioNa SiS'-Dinitrobenzidme (Lb F^vrb and Tubneb), 2,52. 

C^oHiaON 9-Benzoyl-8*nietbyltetrabydrocarbazole (Plant and Eosseb), 2459. 
CsaHisOsN Hiacetyltetrahydro-a'iS'-naplithacarbazole (Oaeebhott. and Plant), 
1845. 

G,aHx,0,N Tbebenine, constitution of (Gulland and Vibden), 92U 
CtoHiaOiN 8:4-DimetbQzy*6-ethylbeBzylidenebippunc acid azlactone (Bargee 
and Silbebschmidt), 2925. 

C„Hx, 04N. Ethyl 2-inethylqiiinoxaline-3-pynivate jp-nitrophenylhydrazone 
(Bennett and Willis); 1973. 

C^oH^OjN, 5:5'-Dinitro-2'-piperidmo-2-acetozybenzophenone (Le FiiVBE), 3251. 
GooHsoOSn Phenyl-p-tolylbenzylstannic hydroxide, and its salts (Kipping), 2370. 
C2oH2o04Na 11 -N itro-10-hydroxy-9-beii2oyl-3-methylhexahydrocarbazole (Plant 
and Kosseb), 2459. 

C»oH«0 ^Ns Substance, from o-uitrobenzyl chloride and ethyl acetoacetate (Ker- 
MACK and Slater), 36. 

GjtoHiiON Benzoylhexahydroheptindole (Pep,ein and Plant), 2587. 

9-BeDzoyl-3-mcthylhexahydrocarbazole (Plant and Rosser), 2461. 

G^HsiOsN iB-Naphthylimide of a-methylcycfopentane-lH-diacetie acid (Bardhan), 
2597. 


G4oHu04lf Bnlbocapnine methyl ether (Gullanb and Hawobtb), 1136. 

GaoHsiOfN /m?w-a(8'-Methoxy- 3'-ethylphenyI )-2-nitro-3:4-diinethoxyeinnamic 

auid, and its ammoniam salt (Gglland and Yirdsn}, 931. . . 

C20H28ON3 Acetyl-a-.yiV^^-dimethyl-2-phenylnaphthylene-l:3-diamine (Gibson, 
Kentish, and Simonsen), 2186. 

CjoHjtOiHa I)iethylanirnoethyl-2'-cyanodiphenyl-2-carboxylate, and its hydro- 
chloride (Bell), 8249. 

Ethyl S-ketophenheptamethylene-2-carbozylate phenylhydiazone (Titley), 
2578. 

CjoHmOsNi 2 -Nitro-6:3':4'-trimethoxy-l-henzylidene-2-mcthyltetrahydrowo- 
quinoline (Gullanb and Haytobth), 2U85. 

C8 oH„ 0«K8 2'-I?itTO-6;7:3':4'-tetmmethosy-l-ben:qrl-3;4-dihydro&oqiimolme, and 
its salts (Gttlland and Haworth), 1836. 

Gs^HssOsN Morphothebaine dimethyl ethers, and their salts (Ghllanb and 
Haworth), 2087. 

JB-Naphthylamic acid of a-methylc2/c7opentane-l:l-diacetie acid (Bardhan), 
2597. 


rfZ-3:4;6-Tetramethoxyaporphine, and its hydriodide (Gbliand and Haworth), 
2086. 

«m»»-a(6'-Methoxy-3'-ethylphenyl)-2-amino-3:4-dimethoxycinnainic 
acid (GnxLANn and Vibden), 982, 

GmHmOsS ' Boniyl naphthalenesnlphonates, decomposition and hydrolysis of (Pat- 
tbbson and HoAlpins), 2464. 

C»H8404 Nj 2'- Amino-S^:4^-diinethoxy-6:7-methylenedioxy-l-benzyl-2-methyltetra- 
hydroisaquinoline, and its dihydrochloiide (Gulland and Haworth), 1135. 

C»mHs 407 Nx 2' Nitro-8':4'-dimethoxyphenylaceto-6-3;4-dimethozyphenylethyI- 
amide (GrLLANn and Haworth), 1834. 

CttHssOsN Tetia-acetylglncoseanilide (Barer), 1589. 

sm 
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20 IV-21 in 


C„H,.P.N, 2'-Ainino-6:3':4'-triinetlioxy-l-ben2yl-2-inetliyltetrahydrowoquiiioliiie, 
and its dihydrocliloride (Gulland and Haworth), 2086. 

20IV 

€£oHia04Cl2S2 l:l^-Dinaplitliyl-2:2^-di8alplionic acid (Babbrr and Smiles), 1148. 
CsoHi^OeNsS 3:5-Dmltro-4^-tolQenesnlphonmethylamidodiphenyl (Bell), 2776, 
C3QH18O4N2S 6-Nitro-2-j[7-toluene8ulphonmethylanudodiphenyl (Bell), 2775. 
CgoHigOeNaS Ethyl i\r-ben2enesulphonyl-8-nitro-l-naphthylamiiioacetate (Mills 
and Elliott), 1299. 

CaoHisOpN^ASa 8 s 8 '-Diacetainido- 8 : 8 '-diliydroxy- 6 : 6 '-arseno-l: 4 -ben 2 isooXazine 
( 37 ewbery“, Phillips, and Stiokihgs), 3060. 

CsoHigOaNS 2-:p-Tolaene8iilphojimethylamidodipheDyl (Bell), 2774. 

CaoHisNalS Methylethylthio-^-<yanine iodides (Hamer), 214. 

CsoHigNalSa 2:2':8-Trimet}iylthiocarboeyanine iodide (Hamer), 3162. 

C30H20ON4S 8-Phenylmethylmethyleneammo-2:4^diketo-5-methyltetrahydrothi- 
az«»le 2-phenylmethyimethylenehydrazone (S iephsn and Wilson), 1418. 
CsoHaiOeNal 2 -Nitro-S':4'-dimethoxy-6;7-methylenedi^xy-l-hen2yl-3:4-dihydro- 
ivoqninoline methiodide (Ghllanh and Haworth), 1135. 

CsoHs 402N1 5:6-Dimethoxyaporpliine methiodide (Gulland and Haworth), ‘590. 
C2 oH 2402NC1 Tetra-acetylglncose-j9-chloroaniHdd (Baker), 1590. 

C2 oH 2409 H Bf Tetra-acetylglncose ^bromoanilide ( Baker), 1 590. 

C 2 oH 2 e 06 N 4 AS 2 3:3'-Di(j3-hydroKyethylamiDo)-5:5'-diacetainido-4:4'-dihydroxy* 
aWnobenzene (Hewbery, Fillips, and Stickingb), 3064. 

20 V 

CaoHuOaNClBr Chlorobromobenzamidophenyl benzoates (Hunter and Barnes), 

2060. 

CaoHisOsNOU 2-Ohloro«6-iodo*4'benzanudopbenyl benzoate (Hunter and 
Barnes), 2066. 

CaoHisOaNBrl Bromolodobenzamidophenyl benzoates (Hunter and Barnes), 
2062. 

Cm Groap. 

CaiHitOt Dinaphthazanthone (Olbmo and Sfenos}, 2819. 

CaiHxaOs 9-o-C!arboxyphenyl-9-hydrozyanthrone lactone (Cook), 63. 

CaiHiaOe 2-Beiizoylanthtaptirpuiiii (Perkin and Storey), 237. 

C21H14O2 9-(7-Carboxyphenylanthraceno (Cook), 64, 

Semipinacolin, from benzylideneanthrone dibiomide and silrer oxide (Cook), 58 
CfiHiaOs 9-o-GarboxyphenyIanthrone (Cook), 64. 

C21H14O4 Lactonic acid of tnphenylcarbinol--2:2'-dioarboxy}ic acid (Cook), 64. 
G21H14O4 2-B6nzqylbeiizophenone-2 '-carboxylic acid (Cook), 62. 

C21H16GI 2-Chloro-9-ben^lanthiacene (Barnett and Wiltshire), 1824. 

Ghloro-9-benzylanthracenes (Cook), 2806. 

C21H16O2 Snbstance, from reduction of semipinacolin, 02xHx40g (Cook), 61. 
C21H18O# Diethylcai'bonatoanthragallol methyl ethers (Perkin and Storey), 242. 

2:7-I>iethylcarhonatoanthrapiirpnriu 1-methyl ether (Perkin and Storey), 236. 
GgiHxxOg Ethyl 3:4;6-trimethoxybenzoylbenzoyloxyacetate (Bradley and Robin- 
son), 1549. 

CiiHsgO 4-i8oPropylstyryl nonyl ketone (Heilbron and Irving), 2325. 

O 21 H 44 O 3 Batyl alcohol (Heilbron and Owens), 944. 

mm 

^siHisOgS 2-Quinizarinphenylanlphone-2'-carboxyIie acid (Prios and Smiles), 
3157. 

GgxHigOClg l:5-l)iehloro-9-benzylanthrone (Barnett and CooK)i 67X. 
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FORMULA INHDEX. 


CaiHi^OsS 2-Toliiene-^>salplionjlalizarin (P£rkzi 7 and Storey), 24L 

CjiHwCIBp 2-Chloro-10-l3romo-9-benzylanthraceiie (Barnett and Wiltshire), 
1824. 

Chlorobmmo-9-benzylajithraceiies (Cook), 2806. 
l-Chloro-10-bTomo-9*beiizylidene-9:10-dihydroaniliiacene (Cook), 2806. 

CaiHiiGlBFs 2-Ghloro-10-brox!Lo-9-benzjlantbiacexie dibiomide (Barnett and 
WXLTSBISS), 1825. 

CsiHisOGl 4-GUoro-«-hydiozy-9-ben2ylanthracene (Coos), 2809. 
l-Obloro-10-hydroi^-9-ben:7lidene-9:10-dibydioanthraeeiie (Cook), 2807. 

CsiHisNaCl 2-jHChloroben^l-3-pb6nylqninoxalizie (Bennett and WiLUs), 1967. 

CaiHuOGU l:5-Dicliloro-9-ben2yl-9;10-dihydroantbianol {Barnett and Cook) 
572. 

C<»iEi?0€l l-Chloro-9-hydroxy-9-benzyI-9:10-dibydroantliraceae (Cook), 2806. 

C„H„C Homopbthalanilide (Daties and Poole), 1619. 

GaiHisIaSb Tri-m-iodo-j?-tolylstibine (Goddard and Yarsley), 723. 

CsiHi»02l I:l'-Bim6tbyluocyaniDe iodide (Hamer), 213. 

C21H20O4N3 3-o-CarbometboEyphenylnietbylcarbamyI-l;2-dimethyl-4-qumolone 
(Heilbron, Holt, and Kitchen), 987. 

C21H21O10CI 8-i5-Glueosidylpelargomdin chloride (Robertson and Robinson), 
1469. 

GsiHsiGiSn Tri-m-tolylstannic chloride (Kipping), 2369. 

CiiHjiON* 'Acetyl-^jr-trimethyl-2-p]ienylnaphthylene-l:3-diamine (Gibson, 
Kentish, and Simonsen), 2141. 

GtiHssQiNt Stxychnine, constitution of (Fawcett, Perkin, and Robinson), 
8082. 

GfiHssGH Benzoyloctabydrobeptaqninoline (Perkin and Plant), 2588. 

GszHfsOsN «-S:4-Dimetho:i^-6-etbylpbenyl-j8-6-nitro-3:4*diinethoxyphenylaciylic 
acid ( Barger and Silbersckmidt), 2926. 

C31H34O8N2 Acetyl derivative of 2-{4';6'-dimethoxy-2'-6-inethylaminoethyl) 
phenyiindole (Gulland and Haworth), 587. 

GsiH^NsSb Tri-m*aminotri>p-tolyi8tib!ne (Goddard and Yarsley), 722. 

GsiHnO^ dl'Ooiytuberine dimethyl ether (Gulland and Haworth}, 1836. 

Cji HttOsNs 2>Ace^lammQ*6:7>dimethozy>lTben2yl-2-methyltetrahydro^ 
qmnoline (GmuLAND and Haworth), 589. 

GtiHtrOsH TetiR'acetylglncoee-iV'-methylanilide (Baker), 1590. 
Tetra-acetylglnoose^tolnidlde (Baker), 1589. 

GciHaTOioN Tetra-acelylglncose^-anlsidide (Baker), 1590. 

C,aHMO.N, S'- Amino-6;7:8':4'otetramethozy*l-benzyl-2-methyltetTahydrm5o- 
qaiaoline, and its dihydrochloride (Gulland and Haworth), 1836. 

Trimethylfnxfitose phenylosazone (Haworth and I^arnbr), 623. 

21 IV 

CziHisOaNsS Hitrobensyl esters of carbosyphenyl-p<nitroben2yIsulphones (Price 
and Smiles), 2S61. 

C3tHi^}sBp4Se Tribromotrihydroaytzimethyltriphenylselenoninm bromides (Mor* 
GAN mid Burstaxa*), 3267. 

GtiHisO^aSb Tri-m-nitFotri-p*tolylsribme oxide (Goddard and Y’arsley), 722. 

C^jHuOttNsSb Iri-in-nitrotri-p-tolylstibine dinitrate (Goddard and Yarsley), 
722, 

GEifisaOsNidz 4-Ohloro-3-o-carbomeiiioxyphenylmethylcarbamyl-2-methy2> 
qnmoline methoebloride (Heilbeon, Holt, and Kitchen), 939. 

GuE^uOsClSe TzibydEOxytiiniethyltriphenylselenoninm chlorides (Morgan and 
Bubstall), 3266. 
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21 IV-22 III 


CjiH2iO«NSe Tii-4-hydroxy tri-S-methyltriphenylselenoniiun nitrate ( Mokgan and 
Btjsstall), 3267. 

CaiHjiNtlS l':2-Dietliylthio-i|r-eyanme iodide (Hameb), 213. 

CnHiiNiISe* 2:2'-Diethylselenooarbocyanine iodide (Olaek), 2318. 

CsiHssON 4S 3-Plieuylmethylmetby}eneamino-2:4-diketo-5-ethyltetrali7drotliiazole 
2-pljenylnietliylmethylenehydrazone (Stbphbit and Wilson), 1418. 

C21HJ4O4NI Bnlbocapnine methyl ether methiodide (Gttlland and Hawobth), 
1137. 

02lH250«N2l 2'-Nitro-6:7:3^:4^*tetramethozy-l-benzyl-3:4-dihydro£seqainoline 
methiodide (Gitllai^ and Hawobtb), 1836. 

21 V 

C21H20O3N2CII 4^Chloro-8-o-carbomethoxyphenylmethylcarbamyl-2-methyl- 
quittoime methiodide (Heilbbon, Holt, and Kitchen), 939. 

C2iH2iOsCl3SeHg TTi*4*methoxytiiphenylsel6noniam meronrichloride (Mobgan 
and Bubstall), 3265. 

Czi Group. 

C23H14O5 l-Benzoylalizarin 2-methyl ether (Pbrhin and Stobey), 240. 

G22H18O 2-Ben2ylidene-3-phenyl-A®-benzopyran (Dickinson, Heilbbon, and 
O’Brien), 2080. 

C22H16O4 Methyl 2-benzoylbenzophenone-2'-earboxylate (Cook), 62. 

C2aHis05 »:4-Dlbenzoylozyacetophenon6 (Robertson and Robinson), 1466. 

C22HUN2 2-Styiyl-3-phenylqninozaline (Bennett and Wu<lis), 1972. 

C22H18GI2 1 :5-Dioh]oro-9-beDzyl-10-methylene-9:10-dihydroanthracene (Babnbtt 

and Cook), 570. 

G82Hi$Ot 2-Hydroxy-«-phenyl8tyryl benzyl ketone (Dickinson, Heilbbon, and 
O^Bbien), 2080. 

G22 Hi 805 B^orcinolphenolphthalein 2':4'>dimethyl ether (Lund), 1575. 

G22 Hi 809 0-Triacetylbrazilone (Pebkin, BXy, and Robinson), 1513. 

G22H28O2 Ethyl dibenzoyltartrate (Finblay and Campbell), 1774. 

C22H22O9 Acetylirigenm 7:3^-diinethyl ether (Bakeb), 1031. 

G22H2«07 Ethyl O-benzoylsyringoylacetoacetate (Bbabley and Robinson), 1556. 

G22H24Sn Triphenyl-n-bntylstannane {Ejpping), 2370. 

G2aH2t03 Menthyl methozynaphthoates (Bretscheb, Rule, and Spence), 1500. 

C22H44O2 Behenolic acid, ^thesis of (Beattachabya, Saletobe, and Simon- 
SEN), 2678. 

22 m 

c»h„ 0 «n. 2-{2:4-Dinitrostyryl)-3-phenylqiiinozaIine (Bennett and Willis), 
1972. 

GaaHisOaNs 2^-Nitrostyryl-8-phenylqninoxalme (Bennett and Willis), 1972. 
2-(i3-Phenyl-p-nitrostyzyl)qiunozaline (Bennett and Willis), 1972. 

GaaHi^OeCl Benzoylpelargonidin chloride (Robertson, Robinson, and Suqiuba), 
1534. - 

CatHifiO^Cl Benzoylcyanidin chloride (Robertson and Robinson), 1528. 

OaiHieOuN* Ethyl aS-bis-2:4-dlnitrophenyl-aj8-dicyanosucGinate (Faibboubne 
a»d Fawson), 1079. 

GafHuOCl Chloro-«-methozy-9-benzylantbracene8 (Cook), 2803. 
l-Ghloro-lO-methozy-O-benzyUdene-SdO-dihydroanthracene (Cook), 2808. . 

GaiHuOaNs ^ Dlketoanccmanil phenylosazone (Ohattaway and Humphrey), 1097. 

GaaffiTOaN 9*- and M)esylphtfaalamic acids (McKenzie and Walker), ^9. 

GaaHigOaNa Diketosnecinophenylhydxazide phenylosazone (Ohattaway fuid 
Humphrey), 1097. 



22III-221V 


FORBUTLA INDEX. 


CsaHi 804 N 4 l-H7drozy-3»(3^iiitropheiiyl)-l:3-diliydTophthalaziiie»4-acetaiiilide 
(Rowe. Himmat, and Levin), 2569. 

C 32 H 1 SO 8 N 5 Diketosacdnanilic acid phenylosazone (Chattaway and Httmphbby), 
1097. 

CssHmOsSs Ditolnene^ir-snlpbonylgallacetoplienone {Perkin and Stobey}^ 243. 

G 22 H 2 iN 8 l Methylethyl-i^-cyanine i-idide (Hamer), 210. 

Trimethyl-^^'CyaQine iodide (Hamer), 211 . 

G22H8202Ns Diacetyl-j3-iV'i\r'-dimethyl-2-phenyInaplithylene"l:3-diamine (Gibson, 
Kentish, aiid Simonsbn), 2140. 

C 22 H 2 SO 4 N 2 8-o-CarbethoxyplieiiyliBethylcarbamyI-l!2-dimetIiyl-4-^t»inolone 
(Heilbeon, Holt, and Kitcrbn}, 237. 

C 2 sH 22 ll 2 lt 3:4'-I>iqniiiolyl dietkiodide (Mills and Obbish), 85. 

C 2 tH 2 s 05 N OxydebydFocoiydaline (Kospfli and Perkin), 2999. 

C»2H2,N.I l:3;3:l^'-Tetramet}iylindo-i|^-cyanine iodide (Haubb), 214. 

G 22 S 24 O 5 NS l-ory-Ditolyl&flpropylpyridminm nitrates (Boyd and Ladhams), 

22 m. 

C 22 H 87 ON Z-BenzoyIoximino a>cnrcamene (Rao and Sihonsen), 2502. 

C 23 H 27 O 2 N Dicarracrjlacetonitrile (Bell and Henry), 2224. 

DithymylacetonitrilH (Bell and Henry), 2224. 

ThymylcarYaerylaeetonitrile (Bell and Henry), 2224. 

G 22 H 27 O 4 N Dimethyl-laurotetaninemethine, and its hydriodide (Barger and 
SlLBEBSCHlflDT), 2921. 

G 22 H 2 tOsK Dithymylacetamide (Bell and Henry), 2224. 

CmEmON, d- and Z-jB-2:3:7*Trimethyl-l:2:3;4-tetTaKydroquinoEaHno-l*met}iylene- 
camphor (Gibson, KxttlaNB, and Szmonsen), 114. 

CseHsiOioNs Substance, ibom hydrolysis of substance CSs^HioOx^K (Henry and 
Sharp), 1115, 

GnHstONs Z-o-Cureumenenitrolbenzylamine (Rao and Sihonsen), 2501. 


22 IV 


C*sHx*0.N5Cl4 Diketosuccinanil 2:4-dicliloiophenylosazone (Ohattaway and 

Hitmpersy), 1098. 

CmHj,0,N.Bp, Diketosuccinanil 2:4-dibromophenylo8azone (Chattaway and 
Humpbbey), 1098. 

C«tHi 40 tN 4 Cl 4 Diketosuceinoplienylbydrazide 2:4>dichlorophenylhydi*azone 
(Chattaway and HtrMPHREY), 1098. 

CssHx 402 K'fiBr 4 Diketosuccinophenylhydrazide 2:4-dibroinoplien;losazohe (Chatt- 
away and Humphrey), 1098. 

C82Hi404N2Ss l-Dibenzenesulphonamido-S-mtronapbthalene (Mills and Elliott) , 
1299. 

Gs 2 H 2 (| 04 NsBPs 6-Brorao-8-p-br6mo-o-carbetlioryplienylmetliylcarbamyl-l:2-di- 
methyl-4-qmnolone (Heilbbon, Holt, and Kitchen), 941. 

CssHMOsNjCIa 4-Cblnro-3-o-carbetlioxyphenylmethylearbainyl-2-niethylqmnoline 
methocnloiide (Heilbbon, Holt, and Kitchen),* 938. 

CssHttOTNiCI* 4-Chioro-3-a-carbeth.oiyphenylmethylcaTbainyl-2-inethylqumoline 
methopeichlorate (Heilbron, Holt, and Kitchen), 938. 

C£ 2 H 8 sN|IS 8 8-Methyl-2:2'-dietbylthiocarbocyanine iodide (Hamer), 3102. 

C^HmOjHCI l-ey-Di-^Ntolylisepropylpyridmiuin cbloiate (Boyd and Labhahs), 

220 . 


GsfHegO^sBrs Bipbenacyldimethylpipezazisiiim dibromide (Stevens, Creigh- 
ton, Gordon, and MaoNigol), 3196. 

GtfHs^JH df-OoTytnberine dimetbyiether metbiodide (Gulland and Hawobth}> 
1887. - 
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22V-^23«I 


22 V 

€22H2203N2C12BF3 4-Ohloro-6-bromo-3-p-bromo-o-carbetliox3rphenylmethyIcarb- 
amyt-2-iii«thylqiimoline methochlonde (Heilbron, Holt, and Eitchbn), 941. 

N2CII 4-Chloro-3-o-carbethos;yphenylmethylcarbamyl-2-inethylqiiinoline 
metMouide (Heilbbon, Holt, and Ejtohsn), 938. 

Cas Group. 

CaH„0, 2-Benzoyl -l-acetylalizarin (Perkin and Storey), 239. 

C28Hi20fi o-Benzoylphenylaeetoxyphthaliile (Ck>OK), 62. 

C23H16O6 Benzoylanthiapurpurin dimetbyl ethers (Perkin and Storey), 287. 

B^sHisOs o-Hydroxybenzyliddnephenylacetylacetophenone (Lovett and Eobebts), 
1977. 

C23H20O2 2>Metboxy-a-plienylstyryI benzyl ketone (Dickinson, Heilbron^ and 
O’Brien), 2080. 

023H2oOe Phloroglueinolphenolphfchalein 2';4':6-trime13iyl ether (Lund), 1576. 

C23H26SXI Diphenylben^l-9i.>bntylstannane (Kipping), 2371. 

C23H2802 Menthyl diphenyL2-carboxy1ate (Bretscher, Rule, and Spence), 1502. 

C23H280 i 2 «-C>-Tetr 4-acetyl-i8-glacosidoxy-4-methoxyacetophenone (Robertson 

and Robinson), 1467. 

23 III 

€23Hi 807N4 TrinitrobenzoyltetiahydFO'cejS-naplithacarbazole (Oakeshott and 
Plant), 1843. 

G23H17O2CI Chloro-«-acetoxy-9-benzylanthracenes (Cook), 2808. 
l“Chloro-10-acetoxy-9-bensq^lidene-9slO-dihydroanthracene (Cook), 2807. 

C28H17O5CI 7-Hydroxy-5-benzoylox?-4'-methoxyflayylinm chloride (Robertson, 
R(»binson, and Strutbebs), 1458. 

C2SH17O7CI 5-0-Benzoylpeonidm chloride (Murakaui and RobinsOK), 1538. 

C23Hi802N2 3-Phenyl-2-phenylacetoxymethylqiiinoxaline (Beitnett and VTlLLls), 
1974. 

C23H18O3N2 Nitrobenzoyltetl:ailydro-a'^'-naphthacarhBzole (Oakeshott. and 
Plant), 1846. 

C23Hi 20N Beuzoyltetiahydronaphthacarbazoles (Oakeshott and Plant], 18^. 

G23 Hi 90C1 4>rhloro-«-ethoxy-9-benzylantbracene (Cook), 2810. 

GegHi^OtNs Diketosnccinobrazylimide phenylosazone (Ceattaway and Hum- 
phrey), 1096. 

C23H2o02Ne Diketosnccinophenylliydrazide o-tolylphenylosazone (Ohattaway and 
Humphrey), 1098. 

Diketosaocinophenylmethylhydrazide phenylosazone (Chattaway and Hum- 
phrey), 1098. 

C23H2o68Cl2 Ethyl 3-chlorophenyl-5-chlorostyrylcyc2ohexen-l-one-2-carboxylates 
(Heilbron and Hill), 2869. 

C23H21ON Benzoylhexahydio-aiS-naphthacarhazoles (Oakeshott and Plant), 
1844. 

C23H2i 02N3 2-Hydroxy-a-pheny1styzyl benzyl ketone semicarbazone (Dickinson, 
Heilbron, and O’Brien), 2080. 

G23H21OSN Dibenzoylnbr-d-^r-ephedrine (Smith), 53. 

G23H21O3GI Ethyl 3-phenyl-5-chlorostyrylcyctohexeii-l-one-2-carhoxylates (Hsil« 
BRON and Hill), 2868. 

C38H22O2N2 oT^Dibenzoylamino-^-plienylpropane (Jackson and Kbnneb), 1659, 

G23H2208S2 Ditoluene-jT-snlphonylgalla^tophenoue methyl ether (Perkin and 
Storbv), 248. 

C23H2302N3 Bdnzom-9-(a-phenyletliyl)sexnicaTbazone (Hopper and Wilson), 
2485. 
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C2SH33O4CI Ethyl (7-keto-o-phenyl-e-2-ehlorophenyl-A5-peiiteiiyl)acetoacetate 
(Heilbbok and Hill), 2868. 

GssHsiNsI Id'^-Diethylisocyanine iodide (Hakeb), 218. 
l:l'-Diethyl-i|^-cyamne iodide (Hahbb), 212. 
l:6:l':6'*Tetramethyl-4'-<7a3mie iodide ^ambr), 211. 

C£sH 2504N Acetyltolylacetylthymylacetonitrile (Bsll and Henrt), 2225. 
Benzoyloximino-denTatiTes of hydzo3:y-2:2:3;8-tetiam6thylc2f(^peiitanon6 S (Shop* 
peb), 1668. 

CssHtsO^Ns Brucine, consiitntion of (Fawcett, Pebein, and Bobiksok), 3682, 

Cssfij^OsN 6:7:S':4'-Tetiamethoxy-9-methyl-2'-carhomethoxy-3:4-dihydiopioto- 
papaTerine (Xoepfli and Psbs:i]i7), 2999. 

23 IV 

CagHi9D«Nt€i 8-Fhenyl-2<j»-chlorophenylaceto2:yinetIiylqninoxaline (BsEKETlfand 

Willik), 1974. 

C2 sHi« 04 NsS l:2*Naphthaqmnone 2'-carbosyphenyl snlphoxide phenylbydrazone 
(Pbice and Smilbs}, 3159. 

CssHssOiNsSs pp'-Ditolnenesulphonyl-ay-amino-iS-phenylpropane (Jackson and 
Ksnnbb), 1659. 

C24 Group. 

CrfiHiflOs Biacetoxyiaodinaphthylene oxide (Clbmo and Spence), 2817. 

Diacetozydinaphthaqninone (Clemo and Spence), 2817. 

C34H18N2 2:3-Distyrylqiunoxaline (Bennett and Willis), 1968. 

C24Hm0s 4-PhfinaGyl-3-phenyl-2-methyl-l:4-henzopyian (Hill), 258. 

l:5-Diidiloro*9-benzyl-10-i9opropylanthTacen6 (Babnett and Cook), 

570. 

CsiHfsOf «-Benzoyloxy«4-ben:^]0xy-3:5-dimethoxyacetophenone (Bbadlet and 
Robinson), 1557. 

Besorelsolphthalem tetramethyl ether (Lund), 1574. 

GstfissOu Txiaeetjlirigenin (Bakeb), 1028. 

CS4HS8O3X Iridin, constitation of (Bakeb), 1022. 

CsiHssOis »<-0<‘Tetia-acetyl*i3-glncosidoxy*4^cetoxyacetophenone (Robertson and 
Robinson), 1466. 

CsiHsoOs Menthyl 2'-niethoxydiphenyl-2-caxboxylate (Bbetsgbeb, Ettle, and 
Sfsnce), 1502. 

24 m 

C34Hi40gNc 2;3-Di(2;4-dinitrostyTyl)qxiinoxaline (Bennett and Willis), 
1970. 

Ga4Hi«04N4 2:3-Di(nitrostyryl)qainoxa1mes (Bennett and Willis), 1969. 

C24Hi6H3Cl2 2:3-Di(chlorostyrrl)qninoxaline8 (Bennett and Willis), 1971. 

Ca4Hi6NsIs 2;3-Di(o-iodosty^l)qainoxalin6 (Bennett and Willis), 1971. 

Gs4Hi8N22r4 2:3-Distyrylqninoxaline tetrabromide (Bennett and Willis), 
1968. 

5-Ben2oylinalTidin chloride (Bradley and Robinson), 1561. 

(^4H2i 08AI Alamininm methyl salicylate (Burrows and Wabk), 228. 
Hetbyldxetbyl-T^-cyanine iodide (Hamer), 212. 

O34HS7NSI 3:3-Dimetbyl-l:l'>diethylmdo.^cyanme iodide (Hamer), 214. 

0*40^^14 ^ 4^-Dipiperidmo-5:5'-dinitro-3;3'-dimethyldiphenyl (Le F±vrb and 

24 IV 

CttHifNiGIsASi 2;2'-Bis(10-chloro-6:10-dihydropbenarsa2ine) (Gibson and John- 
son), 2208. 
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241V— 25 IV 


GsjHieNsBFsASs 2:2'«Bis(10-bromo-5:10-dihydrophenarsa2itte) (Gibson and John- 
son), 2210. 

C24His04NBASt 2:2'-Bis(phenarsazinic acid), and its salts (Gibson and Johnson), 
2209. 

CsiHisOcNsASs 4:4-Bis(diplieDyIamine-2'‘arsinic acid) (Gibson and Johnson), 
2208. 

CMHssNtBrSs 8-Methyl-2;2'-diallylthiocaTbocyanine bromide (Hambb), 3162, 


Csa Group. 

CssHioNs 2:3-Distyryl-6-metbylqninoxaline (Bbnnhtt and Willis), 1971. 

CssHisOb 2-B6n2oyl-l:7-diacetylantbrapnrpnrin (Psbxin and Stobet), 236. 

CesHisNt Diben^lideneqninozalmo(^eZopentane (Bennett and Wilus), 1973. 

CssHsoOs 5-Hydrozy-7:4'-dimethozy-2H5tyiylMDflavone (Bakbb and Bobinbon), 
3116. 

CssHaBSli Tripbenylbenzylstannane (Kitting), 2368. 

Triphenyl-o-tolylstannane (Kipping), 2369. 

C2SHS4O5 Dipiperonylldene-3:3:4:4-tetram6tbyl(^c7opentanone (Ingold and 
Shoppee), 391. 

CasHBeO Cholesterol, dry distillation of (ECeilbbon and Seaton), 347. 

25 m 

C«HuC ►4N4 Di-p-nitrobenzyHdeneqninoxalinoc^opentane (Bennett and 
Willis), 1973. 

GasHxeOsNe 2:3-Di(2:4-dmitioaiyryl)-6-iDethylqnmozaIme (Bennett and W illis)> 
1972. 

Ca5Hj80alf4 2:3-Di(m-nitros1yiyI)-6-nietliylqninozaline (Bennett and Wims), 
1972. 

GasHisON DipheDyl-2-carboxyIylamide (Bell)^ 3247. 

GsiHaoOaN 4-Benzylaminomethyl-l-phenyl-3:4-dihydrois0qiimoline (Jackson and 
Kenner), 1660. 

C2SH21O7CI 7-Hydioxy*5-benzoyloxy-3:3'':5'-triniethoxyflavyIinmchloiide(BoB£BT- 
SON, Eobinson. and Sugihba), 1536. 

CssHaiOgCl 5:7:4'-Trihydroxy-3:3':5'-triniethoxyflavylinm chloride (Bbadlet 
and Eobinson), 1667. 

CsgHuNal Dimethylbenz-4r.cyanine iodide (HAMEB), 2i2. 

C2sHa204Na Deoxyttimethylbrazilone (Pebkin, Eay, and Eobinson), 1508. 

I'S5HszOeM4 d-a-1 :4-Di«m-nitrobenzoyl-2:3:7-triniethyl-l :2;3 :4-tettahydroqmn- 

dxalxne (Gibson, Ndtland, and Sxmonsbn), 113. 

C*5H*40aH8. l-Diben2yl-2-pyTrolidone-5-eai^boxyanilide (Gbay), 1266. 

CssHasOsN Benzylidenethebainone (Gxtlland), 704. 

GssHajOsN Ben^lideneHiebainol (Gulland), 706. - 
Benzylthebainones (Gclland), 705. 

CgsH^O^N Ben^lidenehydroxydihydrothebainone (Gulland), 704. 

CasHssOsNs Benzylthebainone oxime (Gulland), 706. 

G25HS9O7N Pyropseudaconine (Shabp), 3098. 

CssHgxOgV Psendaconine (Henby and Shabp), 1112. 

25 IV 

CssHasONtS 3-PhenylmethylmethyIen^mino-2;4-diketo-6-phenyltetraliydrothi- 
azole 2-phenylmethylmethyIeneliydrazone (Stephen and Wilson), 1418. 

^fl$Ht 40 aN 2 S jp-Tolnene8iQphonyl-a-i^JfMimethyl-2-p&nylnaphthylene-l:3-dir 
amine (Gibson, Kentish, and Sihonsen), 2137. 
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CtJHsoOiKA. .yjy'-Dimetkyl*J!W'-di-j}-toliieneaulphonyl-a7-dianiiao-j8-phenyl. 
propane (Jacesok and Kbnnbb}, 1659. 

Cbs Group. 

CaaHigO S-Benzylidene-S-phenjI-A^-jS-naphthapyran (DiCEnrso^er, Hezlbbon, and 
O’Brisn), 2081. 

CsgHsoOa d-Hydroxytetrapkenylinetkane-S-carbozylic acid (Boyd and Habdy), 
684. 

CssHssOs 5:7:4'-Tiimetliozy-2-8tyrylt8ofiaToiie (Baker and Robinsoi?}, 3116. 

CaeHsgOs Substance, from deozytrimethylbrazilone and perbenzoic acid (PerkiNi 
Kay, and RiiBiNSON), 1509. 

CseHagOg Phloroglncfnolpbtbalein bezametbyl ether (LtrND)^ 1573. 

CggHseOg Hezamethozytriphenylmethane-4-carbozylicaeid (Lu2n>}, 1572. 

26 m 

CssHigOSa BenzildipheDyleue-2:2'*mercaptal (Barber and Shelbs), 1147. 

CgiiHig04lf2 2:3-Di(methyIenediozystyxyl)qninox8lme (Bekxstt and Willis) 
1968. 

CggHigOgBp 5-Bromo-4-hydroxytetraphenylmetliane-3-carboxylic acid (Boyd and 
Hardy), 635. 

CggHsoOgNg Dinitrobenzilosazone (Ghattaway and Coulson), 1087, 1363. 

CggHioOgNg 4:4^^-Diethylozamidodiphenyl (Le FiiTRE and Turner), 251. 

CggHtiOsIfs 4-Nitrobenzilosazone (Ghattaway and Coulsox), 1083. 

CggBIsgOgNg 2:8-Di(methozy8tyryl)qiiinozalines (Bennett and Willis), 1969. 

CgtBfggOiNg !>ianhy<!ro-6-aininopii>eionaldihydroeodeinone (Oulland), 703. 

GggHggOfiN Piperonylidenetheba^one (Gullakd), 705. 

GggfigoOgNi Benzylthebainone semicarbazones (Gulland), 705, 

CggHsiOgN Diacetylcarvaerylacetonitrile (Bell and Henry), 2224. 

Diacetylthymylacetonitrile (Bell and Henry), 2224. 

Diacetylthymylcarvaciylacetonitrile (Bell and Henry), 2225. 

26 IV 

GsgHigOgHgBPs 5:4'-Dxbiomo<3:4-dibenzoylaminodiphenyl (Hineel and Hey), 
1840. 

CggHigNClBr 4-Chloro-9<ben^lanthxacene»ca-pyridminin bromide (Cook), 2809. 

Cs6HgaON4Brg Axozyben^lidene-p-bromoanilines (Kisbst), 3123. 

GsgHgoOgH^s 2:2'-Dibenzamidodiphenyl disnlphida (Clark), 2320. 

CggHnNsGlsASs 2:2^Bie{l0-chloFo-8-metbyl-5:IQ-dihydrophenaisazine) (Gibson and 
Johnson), 2210. 

CggHgoNgBPsASg 2;2'-Bis(10*bzoino-8<methyI-5:10-dihydrophenarsazme} (Gibson 
aud Johnson), 2211. 

CggHMNglgAs* 2-.2'-Bis{10-iodo-8*methyl-5;10«^yd2Ophenarsazme) (Gibson and 
Johnson), 2211. 

CsfiHggOgNtA^ 2;2'-Bi^8^niethylphenar8azmie add), and its sodinm salt (Gib^N 
aud Johnson), 2210. 

GagfiggOgNI Benzylidenethebainone methiodide (Gulland), 705« 

Cm Group. 

C«Htg 9:9-IHphenyl-10-inethylene-9:10-dihydroanthracene (Barnett and Cook), 
570. ^ 

GsTHgg ^‘Ohokstens, formation pf, from dry distillation of cholesterd (Hexlbrok 
and Sexton), 347. 
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27 11—28 III 


27 II 

C-.7H22O6 6-Acetoxy-7:4'-dimethoxy-2-styiyhsoflavone (Baker and Robikson), 
3116. 

C2?H220 i 4 Hexa-acetylirigenol (Bakes), 1030. 

Ca7H240 4*Methoxy-3-inethyltetraphenylmethane (Botd and Hasdy), 687. 

C27H24O5 5;7:4'-Trimetlioxy-2-styryl-6-iDethyli:sofla7one (Baker and Robinson), 
8117. 

C27H28S11 PLenyldi-jp-tolylbenzylstannana (Kipping), 2870. 

Phenyltribenzylstannane (Kipping), 2367. 

Ca7H8208 m-Hydroxypbenyldithymylmetbane (Bell and Henry), 2226. 

C27H42O2 Campnospermonol (Jones and Smith), 65. 

C27H44O Oholestenone, preparation of (Sexton), 2825. 

27 m 

C27H17GI2BF «-Bromo-l:5-dicbloro-9-benzyl-10-pbenylanthracene (Cook), 2805. 

C27H18OCI2 ca-Hydroxy-l:5-dicliloro-9-beD2yl-10-plienylantliracene (Cook), 2805, 

C27H80OCI2 l:5-Dicliloro-10-phenyi-9-ben27l-9:10-diliydroantbranol (Barnett and 
Cook), 569. 

C27H2o04N2 2:3-Di(metbylenedioxystyryl)-6-methylquinoxaline (Bennett and 
Willis), 1971, 

G27H21ON Benzoyl-1 iS-dipbenyldibydro&oindole (Boyd and Labhams), 2098. 

GarHaaCBP 8-Bromo-4-methoxy-5-inethyltetraplienylniethane (BOYBand Harby), 
638. 

Ga7H2402N2 2:3-Di(p-metlioxysi7iyl)-6-methylquinoxalina (Bennett and Willis), 
1971, 

G27H25N2I Diethylbenz-tji-cyanine iodide (Hamer), 212. 

G27H87O9AI Alamininm ethyl salicylate (Burrows and Wark), 228. 

C27HsoOsNa <ry-DibenzoylamiQO-^-8:4-dibenzoyloxyphenylpropane (Jackson and 
Kenner), 1662. 

C27H31O2GI ChloTOphenyldithymylmethanes (Bell and Henry), 2226. 

C27H81O4N Nitrophenyldithymylmetbanes (Bell and Henry), 2226. 

27 IV 

C27H27O4N2I Dianhydro-6*ammopiperonaldihydrocodemonemethiodide (Gxtllanb), 
703. 


Css Group. 

G28H2eGl2 l:5-Dichloro-9-ben2yM0-benzylidene-9;10-dihydroanthTacene (Barnett 
and Cook), 570. 

C28H2204 4-AoetoxytettBphenylinethane-8-caTboxylic acid (Boyb and Hardy), 
635. 

C88H2402 4-Acetoxy-3-inethyltetraphenylraethane (Boyb and Harby), 637. 
CesHagSi Tetrabenz^lsilicane, preparation of (Steele and Kipping), 1431. 
^ssH^sSr Tntolyltolylstannanes (Kipping), 2369. 

C28H34O8 Ethyl i37-diphenylbntane-cw8$-tei7acarboxyktes (Vogel), 1019. 

G28H48O Snbstance, from reduction of campnospermonyl methyl ether (Jones and 
Smith), 69, 

G28H48O2 Snbstance, from reduction of campnospermonol (Jones and Smith), 69, 
C28H48O2 Hydrocampnospermonyl methyl ether (Jones and Smith), 69. 

C28H50O Snbstance^ from redaction of campnospermonyl methyl ether (Jones and 
Smith), 69. 

28 ni 

G28H21OCI l-Chloro-lOilO-dibenzylanthrone (Barijett and Cook), 672. ^ 
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FOEMULA INDEX. 


0 gHatOCl* l:5-Dichloro-9:10-dibeiizyl-9:10-dihydroaiithranol (Baenett and 
CJooK), 569. 

CjgHiiON? m-Azoxybenzylidene-jj-tolnidine (Nisbet), 8124. 

Ca8H2*08S2 Benzil benzyl mercaptol dioxide (Chivbes and Smiues), 699. 

Cs8H«804N2 2;3-Di(3;4-diinetboxy8iyiyl)qmnoxalme (Bennett and Willis), 
1969. 

Ca8H2703N3 4-Anilmo-3-o-caTbethoxypbenylmetliylcarbamyl-l-inetbyl-2.methyl- 
ene-l:2-dibydroqainoline (Hsilbeon, Holt, and Kitchen), 939. 

CsgHsBOgBF Ethyl r-aS-dibromo-^'^-diphenylbutane a«58-tetraearboxylate 
(Vooel), 1020. 

CagHggOaN Hydrocampnospermonyl methyl ether oxime (Jones and Smith), 69. 

Cm Gronp. 

CasHgoOg 3:3'-Diphenyldibenzo^ropyran (Dickinson, Heilbeon, and O’Beien), 
2081. 

Cgs&sftO 9:9-Dibenzyl-10-methyl-9:10-dihydroanthranol (Babnett and Cook), 
571. 

C29H80O12 «»-0-Tetta-acetyl-j3-glacosidoxy-4-benzojloxyacetophenone (Robebtson 
and Robinson), 1466. 

C29H48O2 Gampnospermonyl methyl ether (Jones and Smith), 67. 

29 III 

C22H280C12 »-£thoxy-l:5-dichIoro-9-ben^l-10-phenylanthracene (Cook), 2805. 

C2»H220sN 2 Dibenzoyl deiivatiTe of substance C14H14ON2 (Krishnahubti), 416. 

CgfHtsOgNg 2:3-Di{3:4-dimethoxystyxyl)>6-methylqninoxalme (Bennett and 
Willis), 1971. 

C22H22ON2 ^A'-Dlmethyl-2-phenylnaphthylene«l:3-diamino-d-methylenecainphot8 
(Gibson, Kentish, and Simonsen), 2137. 

CgtHffOaN CampnoEq»ennonyl methyl ether oxime (Jones and Smith), 67. 

Ctt Group. 

CggHgftO Bis-ciT-diphenylallyl ether (Shoppes), 2570 . 

Bis-tty-diphenylpropenyl ether (Shoppeb), 2570. 

30 in 

Cs4H2304Ho Molybdyl bisdibenzoylmethane (Mobgan and Castell), 3255. 

C2oH240Br3 BiS'S-bromo-a^-diphenylpropenyl ether (Shoppes), 2570. 

C2aH2402N2 JrX'*Dicumamojlbenzidine (Lb FAvbe and Tubneb), 252. 

GaoH2402N8 Dibenzoyl deriyatiTe of substance GigHigONg (ELbishnamubti), 416. 

CaQH2«OBF2 Bis-J37-dibromo*a7-diphenylpropyl ether (Shoppeb), 2570. 

G2eHM04N2 oy-Dibenzoylamino-^-p-benzoyloxyphenyipropane (Jackson and 
Kenner), 1661. 

CaaE^nOsNs DiketosnccinQdiben^lainic acid phenylosazone (Ohattattay and 
Hhmphbbt}, 1097. 

CseHsiOsP Bis-oy-diphenoxyisopropyl phosphate (Boyd and Ladhams), 220. 

30 IV 

Ca0Hs«O4ll2S2 Di-n-toluenesnlphonyL2.phenylnaphthylene-l;8-diamines (Gibson, 
Kentish, and Simonsen), 2138. 

CstHfcOiNiSi Diphenylamme-2;4:6*trisnlphQnanilide (Davies and Wood), 1125. 

Cai Group. 

CuHmO. IMQipnjImeiiluuie (BsUi and HiSN'Br), 2223. 

31 m 

TVkeetrl^rnpMndtt^iiui. (Ssakp), 3099 . 
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8211-8611 


Css Group. 

C83H240io 7;3'-Dibeiizoylirigemii (Baksse), 1028. 

32 m 

C32H340eNs ^i^'^Di-o-earbetlioxybenzoylbenzidiiie (Lb FivEE and Thenbe), 251. 
C3aHa802N4 4-Anilino-8-o-ajiilmopbenylinethylcarbainyl-l.ixietliyl-2-metiiylenc- 
l:2<dihydroqamoline (Heilbroi?, Holt, and I^tchen), 940. 

G32Hsg02Ns Benzildi-f?-5-(a-phenylethyl)semicarbaz(me (Hopper and Wilson), 
2488. 

G3sH4«OiiN Tiiacetylmetliylpseadaconine (Sharp), 3102. 

32 IV 

G38H3o04NaS2 Di-p-toIiiene9nlpbonyl-iOr'-dimetbyl-2-plienylnaplithylene-l:3- 
diamine (Gibson, Kentish, and Simonsen), 2139. 

’ Css Group. 

G8sHs 4 9:9-Dipbenyl<10<benzylidene-9:10«dihydroantliracene (Barnett and^OooK), 


G33H34O 9:9-Dipbenyl-10-benzyl-9:10-dibydroantliranol (Barnett and Cook), 
671. 

33 m 

GssHasOsP Di-p-tolyl triphenylmethylpbospbite (Boyd and Hardy), 636. 
G33H40O13N4 Substance, &om oxidation of psendaconitine (Henry and Sharp), 
1113. 

CssH4a04N3 4-Hydroxy-3-aldehydo-5-niethyl-2-ise)propylpbenyldicarTacrylmetbane 
(Bell Ind Henry), 2221. 

GssHUsOiaN Tetra*acetylpsendaconine (Henry and Sharp), 1112. 

C33H31O1XN Triacetyletliylpseudaconine (Sharp), 3102. 


Csi Group. . 

C 34 H 28 O 10-Pbenyl-9;9-dibenzyl-9:10-dihydroanthranol (Barnett and Cook), 
671. 

34 III 

G34H270C1 l-Chloro-9-pbenyl-10:10-dibenzyl-9:10-dihydroanthpanol-9 (Barnett 
and Cook), 572. 

G 34 H 3 xNsBr 2 Keocyanine metbobromide (Hamer), 1477. 

C 34 fi 3707 N Demetbylpyropseudaconme (Sharp), 3099. 

CS 4 H 38 O 8 P Bis-ay-di-p-tolyloxyisoppopyl phosphate (Boyd and Ladhams), 219. 
G 34 H 43 O 17 N 3 Substance, from oxidation of pseudaeonitine (Henry and Sharp), 
1117. 

C 34 H 450 nN Substance, and its salts, from oxidation of pseudaeonitine (Henry and 
Sharp), 1117. 

C34H47O10N Pyropseudaconitine (Sharp), 3097 - 

Css Group. 

€ 35 H 5 o 08 N 2 Batyl ^nitrobenzoate (Heilbron and Owens), 944. 

OssHsxOuN yeratroylmetbylpseudaconine, and its sidts (Sharp), 3100. 
O 35 H 54 O 5 N 2 Batyl phenylurethane (Heilbron and Owens), 944. 

Css Group. 

CuHsqO 9:9:10>Tribenzfl-9:10-dih;droaatIiianol (Babkett and Cook), 571. 
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rOSMULA DfTDEX. 


36 ni 

C 3 gH 2605 Na 2-Azoxystyryl-3-inetliylcliromoiies (Nisbet), 3123. 

C 3 gH 3 o 07 Se 3 Tri-4-hydroxytripheiiylseIenoninm oxide (aioEOAir and Bttestall), 
3265. 

OssHsoOsCU Bis-(4-chlorostyryI nonyl ketone) {Hsilbron and Irving^, 2826. 
CggHsiOigH Psendaconitine (Sharp), 8094 ; and its salts (Henry and Sharp), 
nil. 

Gs«Hs 302 N Bis(styryl nonyl ketone) oxime (Hsilbron and Irving), 2324. 

36 IV 

CaeHssOnSsSes Triphenoxselenylinm dibisulphate snlplnme acid dihydrate 
(Drew), 523. 

36V 

CaeHsoO^CIeSeaPb Tri-4-hydroxytTiphenylselenonmm chloroplatinate (Morgan 
and Bubstall), 3265. 

Csr Group. 

CsfHsiOa 3 : 3 ^-Diphenyldi*/ 3 -naphtha 2 ^ropyran (Dickinson, Heilbron, and 
O’Brien), 2082. 

C 37 Ha 402 O-Trihenzoylbiazilone (Perkin, Ray, and Robinson], 1513. 

CsTHgsOe Triacetylcarvaciylmethane (Bell and Henry), 2223. 
Triacetylthymylmethane (Bell and Henry), 2223. 

37 III 

Neocyanine ethobtomide (Hahsb), 1477. 

GsTHsfNalt Heocyanine ethiodide (Hamer), 1476. 

C 37 H 45 O 17 N 8 Acetyl derivative of substance OajHggOjeH (Henry and Sharp), 
1114. 

037Hss0iaN Acetyiveiatroylmethylpseudaconine, and its perchlorate (Sharp), 
3101. 

37 IV 

OaxHtsOeNaSa Tri-p-to1ueDesnlphonyb2-phenylnaphthylene-l:3-diamine (Gibson, 
Kentish, and Simonsen), 2X39. 

Cbs Group. 

CagHsaOt Bi8-(3:4-niethylenedioxystyiyl nonyl ketone) (Heilbron and Irving), 
2325. 

CaaHsaOa Bis-C4-methylstyTyl nonyl ketone) (Heilbron and Irving), 2325b 
CaaHsaOa Bis-(4-inetlioxystyiyl nonyl ketone) (Heilbron and Irving), 2324. 

38ra 

GasHaaOiiGI 3 -0-TetTa-acetyl-j8-fflu(!osidoxy-7-hydroxy-5-benzoyloxy-4'-acetoxy- 
Oavylium chloride (Robertson and Robinson), 1467. 

CasHsaOisH Acetylpsendaconitine, and its perchlorate (Sharp), 3105. 

Cs» Group. 

CaaHstOiaN Triacetyldemethylpyropseudaconitine (Sharp), 3098. 

CsaHssOisN Diaeetylveratroylmethylpseudaconine (Sharp), 3102. 

C«) Group. 

C 4 .H 4 .O 1 * Ethyl di( 0 -ben 2 yl syringoylsnccinate) (BpjU)ley and Robinson), 1568. 
C 4 eHsQOe Bis-{3;4-diincthoxystyiyl nonyl ketone) (Heilbron and Irving), 2325. 

4om 

C 48 Ht« 6 i 4 H DIacetylpseudaeonitine (Sharp), 3105. 
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42 11-57 II 


€43 Group. 

C 42 H 64 O 2 Bis-(4-isopropylstyiyl nonyl ketone) (Heilbkox and Iryino), 2325. 

42 111 

C44H420Si« Tetrabenzylsilicyl oxide, preparation of (Steele and Kipping), 
1481. “ 

C 42 H 4 a 07 Se 2 Triliydroxytrimethyltriplienylselenouiiim oxides (Morgan and 
Bubstall), 8266. 

Ou Group. 

C 44 H 42 O 6 N 4 CII 4'-Cliloro-3:3'-di(o-carbetlioxyplienylmethylcarbamyl)-l:2;l'- 
trimethylisooyanme iodide (Heilbron, Holt, and Kitchen), 940. 

C 45 Group. 

C 45 H 55 O 18 N Benzoylpsendaconitine, and its perchlorate (Sharp), 8104. 

Cs7 Group. 

C 57 H 104 OS Triolein, heating of, with sulphur (Knight and Stamberger), 2791. 

ERRATA. 

VoL., 1926. 

Page T.irifl 

2050 5* for ** [a]^* - 250® ” read « [a]^’ + 116-1°.” 

V 0 I 1 -, 1928. 

371 1* for “ sink ” read ** source.” 

605 20 for “ HoUeman and de Brayn, Bee. iran. chim., 1900, 19, 79 ” reod 

** Baker and Wilson, J., 1927, 842.” 

607 footnote for unsuitable solvent” read ** unsuitable quantity of solvent.” 
850 1 for read **8W*lMnV^ 

857 10 for read «e».” 

861 Fig. 1 The axis of abscisses is the longer axis on the right. 

863 1 for“iB”read“Z.” 

865 17 for “ (-3^ + B - e') ” read E - e^).” 

865 19 for“a:”read“«'.” 

867 Fig. 3 The axis of abscissae is the longer axis on the right. 

871 15 /or “sech (CT-tt)” read “sech(f7-t«').” 

871 16 for « tanh (U - u) ” read « tanh (B - w')-” 

872 6, 22 after “ Table I” insert « (Part I).” 

“ i + HO - » wod “ efn + H-.” 

2486 1* for “ m. p. isr>” read ‘•rn.p.mV’ 

2595 12* for ** Martins ” read ** Martius.” 

* From bottom. 
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PROCEEDINGS 


03* THB 

CHEMICAL SOCIETY. 

Ordinarj^ ScientiJBlc Meeting, Thursday, January 19th, 1928, at 
8 p.m.. Professor H. Bbeeeton Baker, C.B.E., D.Sc., F.E.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 

William H. Darling May 4th, 1871. 2Cov. 18th, 1927. 

Alfred M. Hanson Feb. 21st, 1889. Dec. 7th, 1926. 

Lucy Higginbotham Dee. 7th, 1922. N'ov. 22nd, 1927 

Thomas E. Mackenzie Feb. 15th, 1900. Oct. 18th, 1927. 

Alfred J. Squires Feb. 18th, 1892. Oct. 9th, 1927. 


The President announced that : 

1. The names of members of Council who retire at the Annual 
General Meeting on March 22nd, 1928, and who are ineligible for 
re-election to the same office until after the lapse of one year, are 
as follows : 

President : Prof. H. B. Baker. 

Treasurer ; Prof, J. F. Thorpe. 

Secretary : Dr. T. Slater Price. 

Vice-Presidents who have filled the office of President : Prof. H. E. 

Armstrong, Dr. Alexander Scott, Prof. W. P. Wynne. 
Vice-Presidents who have not filled the office of President : Prof. 
J. B. Cohen, Dr. N. V. Sidgwick. 

Ordinary Members of Council : 

{a) Town Members : Prof. H. Bassett, IVIr. F. W. Gamble, 
Dr. J. Kenyon, Mr. B. D. Porritt, and Mr. G. Stubbs. 
{&) Country Members : Dr. F. A. Freeth and Prof. F. J, Wilson. 

The following vacant places in the Council fall due to be filled 
at the Annual General Meeting of the Society, which will be held 
at Burlington House on Thursday, March 22nd, 1928, at 4 p.m. : 



One vacancy. 
One vacancy. 
One vacancv. 


President 

Treasurer 

Secretary 

Vice-Presidents who have filled the office of 

President Three vacancies. 

{Note, — Sir William J. Pope was elected last April to fill the 
mcarwy caused by the death of Dr, A, W, Crossley ; his election wUl 
be confirmed at the next Annual General Meeting.) 


Vice-Presidents who have not filled the office of 

President Two vacancies. 

Ordinary Members of Council : 

(а) Town Members {i.e, those living within a 

radius of 50 miles from London) Six vacancies, 

(б) Country Members {i,e. those living be^^ond 

a radius of 50 miles from London) Two vacancies. 


(Note, — This year ike vacancies in category (a) are increased by one 
owing to the resignation of Dr. B. H, Pickard, who is no longer resident 
in the London area.) 

The Council has nominated Prof. J. P. Thobpe to the office of 
President; Dr. T. SiiATEE Pbice to the office of Treasurer; and 
Prof. T. S. Mooes to the office of Secretary. 

2. The following Address of Congratulation had been presented 
to the Institute of Chemistry on December 15th, 1927, the occasion 
of the Jubilee Celebrations of the foundation of the Institute : 

The Chemical Society 
to 

The Institute of Chemistry of Great Britain and Ireland. 

We, the President and Fellows of the Chemical Society, offer our 
most cordial congratulations to the President, Fellows, and Asso- 
ciates of the Institute of Chemistry on the auspicious occasion of 
the Jubilee Celebration of the Foundation of the Institute. 

It is with the sincerest pleasure and gratitude that we place on 
record our deep sense of the eminent services which the Institute 
of Chemistry has so constantly rendered to the profession of 
Chemistry. Throughout the fifty years of its existence, the 
Institute, by means of its exammations, its high ideals of pro- 
fessional conduct, and its watchful guard over the interests of 
properly qualified chemists, has striven with remarkable success to 
raise the standard of professional knowledge and practice, and to 
secure for the profession of chemistry the status in our national 
Ittn which it so eminently deserves. 



The Chemical Society regards with the highest esteem and 
appreciation the achievements of the Institute. It recalls with a 
deep sense of gratitude the names not only of that eminent band 
of men who founded it, but of those who, by their devoted labour 
during the past fifty years, have contributed so materially to the 
furtherance of the profession of Chemistry. The Institute of 
Chemistry may continue to rely on the co-operation of the Chemical 
Society in the pursuance of the work it has taken in hand. 

Signed on behalf of the Chemical Society, 


H. B. Bakeb, 
JOCELYK ThOBPE, 

T. Sl^TEB PmCB,) 
C. S. Gibson, / 
F. G. Donnan, 


President 

Treasurer. 

Secretaries. 

Foreign Secretary. 


Sealed in Council this fifteenth day of December, One Thousand 
Nine Hindred and Twenty-Seven. 


The following were formally admitted Fellows of the Chemical 
Society : B. J. Corder, F. G. Kny-Jones, M. P. Oommen, M. J. 
Wilson-Smith, E. N. Eccott, F. L. Warren, and W. D. Scott. 


Certificates were read for the first time in favour of : 

Stanley Baker, M.Sc., Ph.D., Holxnside, BedJington, Northumberland. 
Bamesh Chandra Banexji, M.Sc., Sainyer Gate, Jhansi, n.F., India. 

Harold Hayden Barber, B.Sc., Arch Hill, Arnold, Notts. 

Harold Graham Bott, B.Sc., 167, Stratford Boad, Sparkbrook, Birmingham. 
Beginald Bowsher, B.Sc., 9, Byron Boad, Wembley. 

Bibhuti Bhuson Chaudhuri, M.Sc,, Chemical Inspector’s Office, Indian Ord- 
nance Department, Kirkee, India. 

William Fraser Donald, 74, Bailway Parade, Kogarah, Sydney. 

Tom Farrar, 41, Bridget Street, Bughy. 

George William Ferguson, 7a, North Boad, Highgate, N. 7. 

Frank Lathe Gilbert, B.Sc., 23, Guest Boad, Cambridge. 

Horace Arthur Hampton, B.Sc., 13, Arch Hill Street, Netherton, Dudley, 
dive Whelpton Holman, A.M.IAteeh.E., Clarendon Hotel, Montpelier Boad, 
Blackheath, S.B. 3. 

Marshall Holmes, M.Sc., Sudan dub, Blhartoum. 

James Hood, 21, Dock Street, Dundee. 

Arthur Jackson, B.Sc., 66, Taylor Hill Boad, Huddersfield. 

Anantrao Bamchandra Kagal, B.A., B.Sc., 3/17, Bhagirathi Buildings, 
Chikalwadi, Grant Boad, Bombay. 

Herbert Davenport Kay, Ph.D., D.Sc.,, 7, Victoria Boad, Chingford, E. 4. 
Frank Eugene Lathe, B.A., M.Sc., National Besearch Council, Ottawa. 
Kenneth Hu^ Lauder, B.Sc., St. Andrew’s College, The University, Sydney. 
Abraham Learner, B.Sc., 509, Bristol Boad, Selly Oak, Birmingham. 

John Vaughan Loach, B^Sc., 6, Twyning Boad, dty Boad, Birmingham. 
John Longwell, M.Sc., AJ.C., 45, Warrington Crescent, Maida Vale, W, 9. 
Charles George Lyons, BA., Trinity Hall, Cambridge. 



Birendra Keshary Mandal, Jharia Mines Board of Health, Dhanbad, India, 
Hamilton Eyoichi Matsuda, o/o Tokushima Technical College, Shikoku, 
Japan. 

Thomas Henry Morton, B.Sc., 2, Trinity Street, Langley, Birmingham. 

Leslie Wallace MuUinger, 149, Tillebrook Road, Leytonstone, E. 11. 

William George Painton, B.Sc., 17, Marlborough Road, Gunnersbur\', 

TT. 4. 

Erie Pascal, M.A., 68, Hadham Road, Bishop’s Storfcford. 

Walter A. Patrick, B.Sc., Ph,D,, Johns Hopkins University, Baltimore, Md., 
U.S.A. 

William Arthur Roach, B.Sc., AR.C.S., A.I.C., Ford House, High Street, 
West Mailing, Kent. 

Hans Nicolai KeUermann Rordam, D.Se., Polyteknisk Lsereanstalt, Soivgadc 
83, Copenhagen K. 

Roland Scott, River View, 3Iiddleton-One-Row, Darlington. 

Babu Lai Singh, The Shree Krishna Deshi Sugar Works, Jhusi, B.N.W.Ry., 
Allahabad. 

Henry Geoffrey Smith, B.Sc., 39, Headingley Mount, Headingley, Leeds. 
James Andrew Buchan Smith, B.Sc., 33, St. John’s Road, Selly Park, 
Birmingham. 

Fiasney Percival StoweU, B.Sc., Ph.D., 10, Grosvenor Mansions, Broad Walk, 
Buxton. 

Harold Warris Thompson, Trinity College, Oxford. 

Clarence Pyril Tipper, B.Sc., 6, Rochester Road, Southsea. 

Robert Stuart Tipson, B.Sc., Ill, AUesley Road, Coventry. 

Ralph Cuthbert TmiU, M.Se., dare College, Cambridge. 

William Reed Veazey, A.B., Ph.D., Case School of Applied Science, Cleveland, 
Ohio, U.SA. 

Ahmed Kamel Wahbi, 329, Great Western Street, Rusholme, Manchester. 
Angus FitzCharles Henderson Ward, B.A., B.Sc., 7, Manor Street, Cambridge. 
John Ivor Webb, B,Sc., 12, Third Avenue, Selly Park, Birmingham. 

The following Certificates hare been authorised by the Council 
for presentation to ballot under Bye-Law I (2) in favour of : 

George Ernest Barton-Hobbs, 236, Chelmsford Road, Durban, Natal. 

Mario Betti, Dr.Chem., R. Universita, Bologna. 

Constant Frederik van Duin, Ph.D., 34, Nieuwe Gracht, Utrecht. 

Thomas Robert Hughes, 47, Colin Street, West Perth, Australia. 

Giorgio Renato Levi, Dr.Chem., Viale Romagna, 37, Milan. 

Fzitz Lenze, Eisenzahnstrgisse 5, Berlin. 

The following papers were read : 

cf/dbTeUuropentane.’* By. G. T. Morgan and H. Burgess. 
Syntheses of cyclic compounds. Part II. Racemic and meso 
ethyl gY-diphenyibutane-aa33-tetracarboxylate. Synthesis of 
a trusinic acid.” By 1. Vogel. 

Properties of conjugated compounds. Part IV. The formation 
of isomeric additive dibromides from butadiene.” By E. H. 
Farmer, C. D. Lawrence, and J. F. Thorpe. 



ORDINABY SCIENTIFIC MEETING, THURSDAY, 
FEBRUARY 2nd, 1928, AT 8 P.M. 

At present the foUo'^ing papers have been received for reading : 
“ Some experiments on diSusion in solid metals.®’ By J. W. 
Jexkin and C. H. Desch. 

“ The alkaloids of some Indian aconites ; Aconitiun rohindifolium^ 
A, Balfourii, and A, deinorrhizum:" By T, A. Hexry and 
T. M. Shabp. 

“ The synthesis of meso-alkyl and me^o-aryl anthracene derivatives. 
Part in.’^ By E. de Babey Baexett and J. W. Cook. 

LECTURE. 

Professor A. Fowler, F.R.S., will deliver his Lecture entitled 

Spectra and Atoms ” in the Rooms of the Society on Thursday, 
February 23rd, 1928, at 8 p.m. 

ANNUAL GENERAL MEETING AND 
ANNIVERSARY DINNER. 

The Annual General Meeting will be held in the Society's Rooms 
on Thursday, March 22nd, 1928, at 4 p.m., and the Anniversary 
Dinner will take place the same evening at the Hotel Victoria, 
Northumberland Avenue, W.C. 2. 

List of Papers, or Abstracts thereof , received between December 
1st, 1927, and January 19th, 1928. (This List does not include the 
titles of papers which have appeared in the Journal, or which have 
been read at a Scientific Meeting.) 

*'■' The nitration of benzaldoxime and some of its derivatives.” By 
0. L. Beady and B. E. M. Melleb. 

“ The rearrangement of benzyl phenyl ether.” By W. F. Shoet. 

The addition of bromine to ethylenic compounds in nomhj’droxylic 
solvents.” By D. M. Wiluams and T. C. Jaaies. 

‘‘ The effect of catalysts on the speed of explosion, infra-red emission, 
and ionisation of gaseous explosions of carbon monoxide, and 
oxygen.” By W. E. Garxbe and C. H. JoHxso^^ 

“ Composition of bleaching powder.” By C. T. Kxstgzett. 

Syntheses in the phenazine series.” By H. McCombie, H. A. 
ScAEBOEouGH, and W. A. Waters. 

'' The oxidation of diphenylamine in concentrated sulphuric acid 
solution.” By S. H, Tuckek, 

Studies on hydrogen cyanide. Part I. Mercmry methyl cyanide 
and the alleged isomerides of hydrogen cyanide,” By X E. 
Coates, L. E. Hinkel, and T. H. Angel. 



6 


“ x-i^oPropylglutaconic acid.” By K, V. H a rth a ba jst, K. X. 
lldENOX, and J. L. Simonsbn, 

The constituents of Indian turpentine from Fmus longifoUa, 
Bosh. Part IV.” By P. P. PnxAY and J. L. Simonsen. 

“ The paraehor and chemical constitution. Part VH- Further 
examples of semipolar double bonds.” By A. Feeimait and 
S. SUGBES?. 

“The nature of the alternating effect in carbon chains. Part 
XXin. Anomalous orientation by halogens, and its bearing 
on the problem of the ortlio-para ratio, in aromatic substitu- 
tion.” By C. K. Ingolb and C. C. jS’. Vass. 

“ The nature of the alternating effect in carbon chains. Part 
XXIV. The directive action in aromatic substitution of certain 
groups containing unsaturated linkings.” By J. W. Baker, 
K. E. Cooper, and G. K. Ikgolb. 

*'* The action of alcoholic potassium hydroxide upon o-, m-, and 
p-nitrophenetoles.” By D. H. Richarbsok and F. W. Smith. 

“ The adsorption of hydrogen ions and its effect on the swelling 
and electrical charge of gelatin.” By B. S’. Ghosh. 

“ Hitrosation of phenols. Part V. 5-Chloro-3-hydroxyaiusole. 
An example of an o-nitrosophenol.” By H. H. Hobgsok 
and J. S. WiGKAin. 

“ On the possibility of ring-chain valency tautomerism and of a 
type of mobile-hydrogen tautomerism analogous to the Wagner- 
Meerwein re-arrangement.” By C. K. Ingolb and C- W. 
Shoppes. 

“The paraehor and chemical constitution. Part VIU. Ring- 
chain valency tautomerism in phorone derivatives.” By 
S. Stjgben. 

“ Some sulphur derivatives of aromatic methyl ethers.” By 
H. H. Hobgsok and F, W. Hahblby. 

“ The ratio of the heats of combustion of benzoic acid and salicylic 
acid. (A reply to E. Berner.) ” By P. E. Veekabe and 
J- Coops. 

“ Synthetical experiments in the phenanthrenoisoquinoline alkaloids. 
Part I. A synthesis of P: 2-dimethoxyaporphine.” By J. M. 
GumAsno and R. D. Hawoeth. 

“ Optically active derivatives of phenylaminoacetic acid.” By 
A. McKekzie and 2T. Waikeb. 

“ Bivestigations on the preparation of organic compounds of 
antimony: p-tolyl derivatives,” By A. E. Gobbarb and 
V. E. Yarsley. 

” Equilibrium between alcohols and salts. Part 11.” By E. 
liLOYB, C. B. Browk, D. G. R. Bonyell, and W. J. Jones. 



'‘S 3 mtlieses in the indole series. Part HI. The theory of 
anhydronium base formation and the constitution of metho- 
STilphates with some observations on the fluorescence of 
5 : 6-benz-4-carboline and its derivatives.” By W. 0, Kes- 
MACSK and R. H. Siatee. 

“Note on the nitration of benzylaniline.” By J. Reilly and 
J. J. Mooee. 

“ The acetoacetic ester condensation.” By M, C. Feanklin and 
W. F. Shoet. 

“ The Budde effect with a mixture of bromine vapour and air.” 

By E, Brows and D. L. Chapman. 

“ The chlorination of anilides. Part 11. The decomposition of 
N-chloroacetanilide by heat.” By A. E. Bbaditeild. 

“ The solution' tension of silver in solvents other than water.” By 
F. K. V. Kocjh. 

“ Caproic and caprylio allyl estera.” By V, Dbulofetj. 

The synthesis of maao-alkyl and weao-aryl anthracene derivatives. 
Part m.” By E. de B. Bakottt and J. W. Cook. 

“ Reaction between nitrous acid and hydrogen sulphide.” By L. S. 
Bagstee. 

“ Autoxidation during slow combustion.” By E. W. J. Maedles. 
“ Studies in China wood oil. Part 11. The oxidation of p-elseo- 
stearic glyceride.” By R. S. Moeeell and S. Maeks. 
chemical method for preparing carbon hydrosol.” By E. 
Chibnoaga. 

“ The electro-deposition of indium with the dropping mercury 
cathode.” By S. Takagi. 

“ Aromatic thionyl and chlorothionyl derivatives. Part IV. The 
mechanism of the condensation of thionyl-phenols with organic 
acids. The estimation of phenols in the presence of their 
acetates.” By F. E. Jones and A. Geeen. 

“Some experiments on diffusion in solid metals,” By J. W, 
Jenkut and 0. H. Desch. 

“The origia of the spectrum of the glow of phosphorus.” By 
H. J. EmbiAus and R. H. Puecell. 

“ Derivatives of Y-xylose. A study of xylosemonoacetone and its 
conversion into 2:3; 5-trimethyl y-xylonolaotone.” By W. N. 
Hawoeth and 0, E. Poetbe. 

“ The absorption spectra of anthracene derivatives. Part I.” 

By E. DE B. Baenett, J. W. Cook, and T. E. Ellison. 

“ Derivatives of 1 : 3-dithiolane and of 1 : 3-dithian.” By J. C. A. 
Cbccvees and S. Smiles. 

“The introduction of the triphenylmethyl group into phenols.” 
By D. E. Boyd and D. V. N. Habdy. 



“ Colloidal platinum. Part HI. The natural acidity and the acid 
coagulation of colloidal platinum.” By S. W. PENuyoTTiCK 
and B. J. Best. 

“Studies in the suh-atomic structure of the elements. Part I.” 
By L. H. Sessicle. 

“Acid and salt effects in catalysed reactions. Part XII. The 
water catenary of (H-H2O-OH) in the iodination of acetone.” 
By H. M. Dawsox and A. Key. 


CERTIFICATES OF CAifDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIG MEETING ON THURSDAY, FEBRUARY 
16 th, 1928 . 

Bakeh, STAifLEY, Holmside, Bedlington, Xorthumberland. British. 
Chemist. lM.Sc. (Dunelm), Research student at Armstrong College from 
1921 to 1924. Ph.D. (Dunelm) 1925. J.aS., 1925, 127, 365. {Signed by) 
M". X. Haworth, W. Charlton, Stanley Peat, Harald Xieisen, 

Baebeb, Harold Hjlydex, Arch Ml, Arnold, Xotts. British. Chemical 
Research and part-time lecturer, TTniversity College, Xottingham. B.Sc. 
Hons. Chemistpy, London. Fellow of the Institute of Chemistry. “ The 
Production of Fat by a Species of FenicilUum grown in Sucrose Solution,” 
J. Soc, Chem, Ind,, 1927, 200t. {Signed by) F. Stanley Kipping, F. C. Laston, 
B. D. Shaw. 

Bott, Habolb Gbaham, 167, Stratford Road, Sparkbrook, Birmingham, 
British- Research Student, ITniversity of Birmingham. B.Sc. (Hons. 1st). 
{Signed by) W. X. Haworth, H. D. K. Drew, E, L. Hirst. 

Bowsheb, REGHfALD, 9, BvTon Road, X- Wembley, Middlesex. British. 
Technologist to E. H. Spicer & Co., Ltd., 72, Wigmore St., W. 1, B.Sc., 
Pure Chemistry, 2nd Class Hons, (external) (Heidelberg, Xo. 2714). Con- 
sulting Chemist to above firm, also acting in same capacity in Great Britain 
for the Abbott Laboratories, Chicago, and Chemisch. Pharmaceutische A.-G. 
Bad., Btemburg- {Signed by) John Dali, Thomas Stephenson, William Robson. 

Bitttebworth, Basil, 6, Belgrave Road, Wanstead, E. 11, English. 
Research Student at the East London College. B.Sc, (London). {Signed by) 
W. H. Patterson, D. C. Jones, E. Roberts. 

Cattebmole, Jessie, 207, Xorbury Crescent, London, S.W. 16. British. 
A Student in Chemistry. (Signed by) James F. Spencer, Mollie Barr, Ernest 
S. Hedges. 

Chatidhubi, BiBHun Bby-sox, Chemical Inspector’s Office, Indian Ord- 
nance Department, Kirkee, India. Indian. Tliird Assistant to the Chemical 
Inspector, I.O.D. M.Sc., Class I, in Applied Chemistry (Calcutta University). 
TTorking as the third assistant to the Chemical Inspector, Indian Ordnance 
Department. {Signed by) J. X. Mukherjee, A. Marshall, M. L. Dey, 

CoHEJT^ Jacob Davis, 24, Alconbury Road, Clapton, London, E. 5. 
British. Research Student. B.Sc. (Lond.) 1926 (Hons.). A.C.G.F.C. (1926). 
Xeil Amott Scholarship and Medal, July 1926. Since Oct. 1926 I have been 
carrying out physical chemistry research at Imperial College — ^Royal College 
of Bcienee. {Signed by) James C. Phihp, H. J. T. EUingham, J. L, E. Lewko- 
witsch, M. K. Maitra. 



Crossley, Moses Letesoce, 734, Park Arenxie, Plainfield, Xew Jersey. 
American. Chief Chemist, Caieo Chemical Co., Bound Brook, Is.J. Prior 
to 1918 Prof, of Chemistry, Wesleyan University. Author of several technical 
and non-technical papers, published in American Journals. President, 
American Institute of Chemists, 1924 — . (Signed hy) A. Clayton, Alan W. C. 
Menzies, L. W. McCaj’-. 

Do 2 <rAEi>, William Fraser, 74, Railway Parade, Kogarah, Sydney, 
Australia, Australian. Pharmacist. Certificate of Department of Pharmacy, 
University of Sydney, late Chief Assistant Chemist, Laboratory of ATistralian 
Drug Co., Ltd., Sydney; late Chief Assistant Chemist, Laboratory of Elliott 
Bros., Ltd., Sydney. Desires to receive the publications of the Society in 
order to keep in touch with the progress of chemistry. (Signed by) Jolm 
Duncan, Thos. H. Moore, G. F. Merson. 

Farrar, Tom, 41, Bridget Street, Rugby. British. Gliief Chemist and 
Supervisor .of Manufacture (Cement). .Twenty-five years* experience in the 
scientific side of cement manufacture, after laboratory training at the Craven 
Science School, Hull, and the .HuU Technical Schools (known to-day as the 
Hull and Yorkshire Technical College), and then pupil imder Dr. Prentice 
and James Watson, B.Sc., etc. (Signed by) Cecil B. O. Jones, Percy G. Lloyd, 
Jas. H. Edmondson. 

Fextox, Geofehey William, 7, St. John’s Avenue, Xewsome, Hudders- 
field, Yorks. British. Research Student of Organic Chemistry, Leeds 
University. B.Se. (Hons.), Leeds 1927. Training in the methods of scientific 
research under the direction of Professor C. K. Ingold, F.R.S. (Signed by) 
C. K. Ingold, C. W. Shoppee, E. Rothstein. 

Fergusox-, George William, 7a, Yorth Road, Highgate, X, 7. British. 
Assistant to Consulting Chemist. Student at Birkbeck College, University 
of London. (Signed by) Ernest J. Parry, C. T. Bennett, Samuel Sugden. 

Flint, Captain James, M,C„ 82, Sunny Gardens, Hendon, London, N.W. 4, 
British. Manager Scientific and R^earch Dept., Sandoz Chemical Works. 
Member of the Pharmaceutical Society. Associated with the manufacture 
of chlorophyll €tnd alkaloids by special processes. (Signed by) F. S. Kipping, 
J, B. Firth, F. C. Laxton, B. D. Shaw, E, B. R. Prideaux. 

Gilbert, Frank Lathe, 23, Guest Road, Cambridge. British. Research 
Stiident. B.Sc. (special), London University. First Class Honours Chemistry. 
J.C.S., 1927, 2164, 2295. (Signed by) T. M. Lowry, G. Jessop, Rose R. 
Goldstein. 

Goodete, Charles Frederick, University College Hall, Ealing, W. o. 
British. Research Student. B.Sc. (Manitoba) 1925. M.Se. (Manitoba) 1927. 
Publications : “ Alternating Current Electrolysis,” Eng, Jouni. Can,, 1927, 
10, 3; Trans^ Am, Electrochem, Soc,, 1927, 51, 273: Trans. Roy, Soc, Can,, 
1927. Assistant Lecturer (Manitoba), 1925-27. 1851 Exliibition Scholar, 
1927. (Signed by) F. G. Donnan, S. Barratt, B. Topley. 

, Gosset, Marion, 17, Queen Anne’s Grove, Bedford Park, Chiswick, W. 4. 
British. Junior Assistant, Science Library, Science , Museum, S.W. 7. 
A.R.C.S. (Chemistry). Hons. B.Sc. (London, Chemifetry). Student at the 
Royal College of Science, Imperial College of Science and Technology, 1921-25. 
(Signed by) H. B. Baker, M. A. Wliiteley, James C. Philip, Jocelyn Thorpe. 

Grant, Edgar Beattie, 7, Alexandra Place, Jesmond, Xewcastle-on- 
Tyne, l^glish. Chemist. Member of the Pharmaceutical Society of Great 
Britain. Have been studying for the major examination at the above 
Society’s College in London, and obtained Ph.C. in April, 1927, (Signed by) 
J. B. Firth, D. Foggan, William Mair. 
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gloves, LesIiIB Geobgs, 22» Chadway, Chadwell Heath, Essex. British. 
Besearch Student. B.Sc. (Hons.) London. {Signed by) E. E. Turner, 
B. 5’. W. Le Eevre, H. A. Mayes. 

Gtjtx, Hebbebx Ohabuis, 26, Twyford Bead, Ilford, Essex. British. 
Besearch Student at East London College. B.Sc. (London, 1st Class Honours 
in Chenustiy). (Signed by) E. E. Turner, R. J. W. Le Fdvie, A. Brewin. 

Hagyabd, Thomas, 3, Station Road, EagleseMe S.O. Co. Durham. 
English Technical Chemist. External London B-Sc., special. Chemistry, 1st 
Class Hons. About four years’ Industrial Research at Messrs. Stockton-on- 
Tees Chemical Works, imder the direction of D. Tyrer, B.Sc. Now studying 
for External London M.Sc. (Signed by) Allan E. Mitchell, W. J. V. Ward, 
R. G. Franklin. 

Hampton, Hobace Abthitb, 13, Arch Hill St., Netherton, nr. Dudley, 
British. Research Chemist at the Birmingham University. Fii^ Class 
Honours B.Sc. in the School of Chemistry at the Birmingham University, 
(Sign^ by) W. N. Haworth, E. L. Hirst, H. D. K. Drew. 

Hey, Donald Holboyde, 14, Grosvenor Road, Sketty, Swansea. British. 
Research Student. B.Sc. (Lond.). B.Sc. (Wales), 1st Class Hons, in 
Chemistry, University of Wales Post-graduate Studentship. “The Effect 
of lElectrode Material on Oxidation Potentials,” Butler, Hugh, and Hey; 
Trans, Faraday jSoc., 1926, (Signed by) J. E. Coates, L. E. Hinkel, E. E. 
Ayling, N. H. Hartshome. 

Holman, Clivb Whelpton, Fraser and Chalmers Works, Erith, Kent. 
English. Mechanical Engineer. Graduate and, later. Associate by Examin- 
ation, of the Institution of Mechanical Engineers. For some years employed 
by the South Metropolitan Gas Company. Now interested in mining and 
metalluigic^ plant, employed at Fraser and Chalmers Works. (Signed by) 
Bernard W. Holman, J, W. Hinchley, J. N. Sugden. 

Holmes, jVIabshall, Sudan dub, Kheurtoum, The Sudan. British. 
Lecturer in Chemistry and Physics, The Kitchener Medical School, Khartoum. 
M.Sc. (Belfast). Lecturer in Chemistry and Physics, The Kitchener School 
of Medicine, Khartoum. J,C.S.y 1926, 1690, 1898. (Signed by) A, J. All- 
mand, Samuel Smiles, E. W. MedeUand. 

Holmes, Theoboba Maby, 24, Clifton Gardens, London, W. 9. British. 
Research Chemist. A.R.C.S. (Chemistry), Hons. B.Sc. London (Chemistry). 
Student at the Royal College of Science, Imperial Collie of Science and 
Technology, 1922-27. {Signed by) H- B. Baker, M. A. Whiteley, James C. 
Philip, Jocelyn Thorpe. 

Hood, James, 2 1, Dock Street, Dundee, Forfarshire. British. Pharmacist. 
Member of the Pharmaceutical Society of Great Britain. Chief Pharmacist, 
Dundee Royal Xnffxmary. I am interested in practical and theoretical 
cheznistiy. {Signed by) William McHutchison, Andrew S. Matchet, William 
Mair. 

. Hobton, Mthtaht Ivy, 59, Ingleby Road, Hford, Essex. British. Student 
at East London College since Oct. 1924. (Signed by) E. E. Turner, E. Roberts, 
A. Brewin. ' 

Jachson, Abthub, 66, Taylor Hill Road, Taylor Btill, Huddersfield, York- 
shire. British. B.Sc. (1st Class) Chem. Leeds. Research Student, 
Organic Chemistry Dept., Leeds University. {Signed by) C. K, Ihgold, 
Florence R. Shaw, H. Burton. 

Jambs, Robebt Gllbebt, "Belie Vue,” Harold Road, Deal, Kent. 
British. Research in Pure Chemistry, University of Birmingham (D.S.I.R. 
Research Grant for 1927-28). Ordinary Degree of B.Sc., 1st Division and 
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Distinction in Chemistry (1924), and Honours Degree, 1st Class (1925), 
Birmingham University. Elected A.I.C. (1927). Chidlaw Exhibition (1922) 
to Birmingham University (on Joint Board Higher School Certificate, in which 
I obtained a Distinction in Chemistry). “ Co-ordination Compounds of 
Quinquevalent Molybdenum,” J.C,S., 1927, 2145. (Signed by) Wm. Wardlaw, 
H. M. Spittle, W. J. BSckenbottom, F. W. Pinkard. 

Kagal, Ajs-antrao Bamohandba, 3/17, Bhagirathi Buildings, Chikalwadi, 
Grant Boad, Bombay, India. Indian. Factory Inspector (Bombay Govern- 
ment). B.A. B.Sc. (Hons. Chem.) (Bombay University). Four years with 
The Eastern Chemical Co., Ltd., Bombay, manufacturers of heavy chemicals. 
(Signed by) Harry Sharpe, A. B. Xormand, Sadashiv Parashuram Xair. 

Kay, Herbert Davenport, 7, Victoria Bead, Chingford, E. 4. British, 
Beit Memorial Fellow for Medical Besearch. Ph.D. (Cambridge). D.Sc. 
(Manchester). Veuious papers on enzymes, phosphorus metabolism, etc., 
in Biochemical Journal and medical journals. (Signed by) Arthur Smithells, 

F. Gowland Hopkins, Arthur Harden, J. C. Drummond. 

Lathe, Fra^th Eugene, National Besearch Council, Ottawa, Canada. 
Canadian. Metallurgical Chemist. B.A. (C!hem.). B.Sc. and M.Sc. (Metal- 
lurgy), McGiU University. (Signed by) Frank T. Shutt, B. B. Walker, F, G. 
Wait. 

Lauder, Kenneth Hugh, St. Andrew’s College, The University, Sydney, 
N.S.W., Australia. British. Science Besearch Scholar, Sydney Univer- 
sity. B.Sc, (Hons., Class I, Chemistry), Sydney. Science Besearch 
Scholar in Chemistry at Sydney University. Tutor in Chemistry at St. 
Andrew’s College, Sydney University. Paper on Aluminl-Oxalates, 
unpublished as yet, but ready for publication. (Signed by) Charles E. Fawsitt, 

G. J. Burrows, J. Kenner, J. C. Earl, Francis Lions. 

Learner, Abraham, 509, Bristol Bd., SeUy Oak, Birmingham. English, 
Besearch Student. B.Sc., Durham, Honours Chemistry. Besearch under 
Prof. Haworth, D.Sc., at University of Birmingham since Sept. *1925. 
Haworth, BQist, and Learner, J,C.S., 1927, lOiO, 2432. (Signed by) W. N. 
Haworth, H. D. K. Drew, S. Peat. 

Leonard, Alfred William, 72, Hatherley Gardens, East Ham, London, 
E. 6. British. Besearch Student, East London College. B.Sc. (Hons. 
Chem.), London University. (Signed by) E. E. Turner, H. A. Mayes, A. 
Brewin. 

Loach, Jobn Vaughan, 6 , Twyning Boad, City Boad, Birmingham, 
British. Besearch Student, Chemistry Dept., Birmingham University. 
B.Sc., 1st Class Hons, in Chemistry. University Scholar. McCarthy 
Exhibitioner. (Signed by) W. N, Haworth, Wm. Wardlaw, C. E. Wood, 

H. D. K. Drew, H. M. Spittle, L, W. Needham, Stanley Peat, W. Chariton. 
Longwell, John, 45, Warrington Crescent, Maida Vale, London, W. 9. 

British. Temporary Assistant Chemist, Government Laboratory. B.Sc. 
(1st Hons.). M.Sc., Queen’s University, Belfast. A.I.C. Besearch (post- 
graduate) at King’s College, London. Science Master at the Academical 
Institution, Coleraiae, North Ireland. Assistant Chemist at the Government 
Laboratory. J.C.S,, 1923, 123, 3310. (Signed by) J. %V. A. Woodley, E. H. 
Nurse, J. J. Fox. 

Lovett, Arthur Bertram Edmund, 4, Prior Street, Greenwich, S.E. 10, 
British. Student. B.Sc. (Lend.), 1st Class Honours, 1927. (Signed by) 
E. E. Turner, D. C. Jones, E. Boberts. 

Lyons, Charles George, Trinity Hall, Cambridge. Engli^. Besearch 
Student. B.A., 1st Class Part II, Natural Sciences Tripos, Cambridge. Just 
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starting a course of research at the Physical Chemical Laboratory’, Cambridge. 
{Signed by) T. Lowiy% E. K. Rideal, R. G. W. Jvorrish. 

Ma2sdai., Bibexdka Kesha by. Public Analyst, Jharia Mines Board of 
Health, Dhanbad, Bihar and Orissa, India. Bengalee Hindu. Public 
Analyst. First Class diploma in Industrial Chemistry, B.E. College, Sibpur, 
1914. Tech. Chemist, The Cawnpore Cotton Ltd., 1914-15. Analj-tical 
and Manf. Chemist, Smith Stanistreet Co., Ltd., Calcutta, 1915-22. Public 
Analyst, Jharia Mines Board of Health, Dhanbad, since 1922. (Signed by) 
Surendra Kath Bey, Charles Forrester, K. K. Bagchi. , 

Matsttda, Hamilton Ryoichi, c .'o Tokushima Technical College, Shikoku, 
Japan. Japanese. Lecturer in Chemistry since April 1923. (Signed by) 
Masiimi Chikashige, Yasuhiko Asahina, Junzo Shinoda. 

^loBTOX, Thojias HinsBY, 2, Trinity Street, Langley, Birmingham. British. 
Research Student. B.Sc. with Honours in Cliemism-, (Signed by) W. X. 
Haworth, H. D. K. Drew, E. L. Hirst. 

MtxiiiYGEB, Leseie Wallace, 149, Fillebrook Road, Leytonstone, E. 11. 
British. Student at East London College (University of London). Inter 
B.Sc., London. Desires to receive the publications, to attend the meetings, 
and use the Libraiy. {Signed by) E. E. Turner, R. J. W. Le Fevre, D. C. 
Jones. 

Paisttok, Wuxiam Geobge, 17, Marlborough Road, Gunnersbury, London, 
W. 4. English. Technical Chemist. B.Sc. (Lond.), Hons. Chem. A.I.C; 
Works Manager and Chemist. Engaged in manufacture of Foods (Infant 
and Invalid). (Signed by) Charles Doree, F. H. Lowe, J. C. Crocker. 

Pascax, Ebic, 6S, Hadliam Road, Bishop’s Stortford, Herts. British. 
Assistant Master, Bishop's Stortford College. M.A. Cantab. (Kat. Sci. 
Tripos). Teaching Chemistry in Bishop’s Stortford College since 1921, 
(Signed by) F. S. Young, E. H. Tripp, J. A. Aesehlimann. 

Patrick:, Waxter A., Johns Hopkins University, Baltimore, Md., U.S.A. 
U-S.A. Professor of Chemistry. Ph.D., Gottingen. B.Sc., Syracuse, X.Y., 
U.S.A. Colloidal Chem., “Adsorption of Vapours,’* J, Amei\ Chem, Soc,, 
42, 44; J. Pliys, Chem., 25, 29; “Adsorption from Solution,” Tram. 
Imf. Chem. Mng., 15; “Dielectric Constants, Rates of Gaseous Reactions, 
Osmotic Pressure,” Z. /. phys. Chem. (Cohen Festscrift). (Signed by) F. G. 
Donnan, S. Barratt, C. W. Bonniksen. 

Pollard, Alered, Hulme Hall, Victoria Park, Manchester. British. 
Research Student. B.Sc., Honours Chem., 1st Class, m/c 1926. Research 
in Organic Chemistry under the supervision of Prof. R. Robinson, F.R.S., 
1926 — . “ The Xitration of s-Methylthioguaiacol,” J.C.S., 1926, 3090 ; 
“ Xitration of Benzylpiperidine,” etc. (in the press). (Signed by) R. Robin- 
son, A. Lapworth, E. W. Wignall, H. Raymond Ing. 

Roach, William Arthur, Ford House, High Street, West Mailing, Kent. 
British. Biochemist to the East Mailing Research Station. B.Sc. (Lond.)., 
A,R.C.S., D.T.C., A.I.C. 1916-18, Assistant Chemist in the Cliemieal War- 
fare Dept, of the Ministry of Munitions ; 1918-27, Assistant Research Chemist 
Rothamsted E3q)erimeatal Station; at present Biochemist to the East 
Mailing Research Station. I have published papers in the Amials of Applied 
Biology, Biochemical Journal, etc. (Signed by) H. F. Harwood, H. J. T, 
Ellingham, A. G. Pollard. ' 

Rorda3£, BL4ifS XicoLAi KFXLKRHAyy, Copenliagen K., Polyteknisk 
Laereanstalt, Solvgade S3. Danish. Lecturer in. Chemistry at the Royal 
Military High School. Assistant at the Chem. Laboratory of the Poly- 
technic^ Institute, Copenhagen. D.Sc. at the University of Copenliagen. 
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** Organic Oxonimn CompoTinds,” J. -4wier. Chem. Soc*, 1915, 37, 557 ; “ Der 
Emfluss von Substituenten in ortho-, meta-, nnd joara-StoUung auf die AfSnitat 
derBenzoesaure,” Z. fiirpkys, Chemie, 1921, 99, 474. These two papers have 
also been published in the “ Memoirs of the Royal Danish Society of Sciences.” 
“ Studies on Activity ” (Dissertation for the degree of D.Se., Copenhagen, 
1925). Textbooks of Physical Chemistry (1925) and of Organic Chemistry 
(1927) for the senior classes of the Royal JVIilitary High School. (Signed by) 
Chr. Winther, Einar Biilmaim, H. Baggesgaard Rasmussen. 

Scott, Rolaihj, River View, Middleton-One-Row, nr. Darlington. British. 
Teelinical Chemist. Three and a half years’ Industrial Chemistry. Three 
years’ Research Work. (Signed by) W. J. V. Ward, H. Sim Hirst, R. G. 
Franklin. 

Shabp, Gladys Iekse, 34, Woodhouse Road, Leytonstone, E. 11. British. 
Student at East London College from Sept. 1925. (Signed 6y) E. E. Turner, 
E. Roberts, A. Brewin. 

SrsTGH, Babtj Lal, The Shree Krishna Deshi Sugar Works, Jhusi, B. and 
K.W, Ry. P.O. Jhusi, Dist., Allahabad. Indian, Hindu. Industrial 
Chemist. Was Science teacher in the National Collegiate School, Chapra, 
for a year ; Assistant Chemist in the Western India Projecting Syndicate, 
Ltd., Cawnpore, for a year, where I worked on soap, oil, ink, and gur analysis; 
Industrial Chemist in several sugar factories in Behar and United Provinces 
for six years. Contributed several scientific articles in Indian monthly 
magazines. Associate of Sugar Technologists’ Association of India. (Signed 
by) S. Dutt, N. R. Dhar, K. P. Chatterjee. 

Smith, Heitry GBorFKEY, 39, Headingley Mount, Headingley, Leeds. 
British. Research Student. 2nd Class Honours B.Sc., Leeds. Research 
Student at Leeds University. (Signed by) C. K. Ingold, J. W. Baker, C. W, 
Sfaoppee. 

'Smith, James Andrew Buchan, 35, St. John’s Road, Selly Park, Bir- 
mingham. British. Research Student in University of Birmingham, 
B.Sc., Honours in Chemistry (1st), (Signed by) W. N. Haworth, H. D. K. 
Drew, E. L. Hirst. 

Stowell, Flaxney Pescival, 10, Grosvenor Mansions, Broad VTalk, 
Buxton, Derbyshire. British, Research Chemist. B.Sc. (1st Class Hons. 
Chem.), Liverpool. Ph,D., Liverpool. As Aquarium Research Fellow of 
the Zoological Society of London, 1925-27 : Proc. Zool, Soc. Londmi, 1925, 
32, 141; ibid,, 1926, 245; ibid., 1927, 19; Jour. Marine Biological Assoc., 
1927, 14, 955 ; one still in printer’s hands. McKeown and Stowell, J.C,S., 
January', 1927, “ The Vapoiu Pressures of Mixtures of (a) Methyl Acetate 
and Water, (b) Methyl Acetate, Sucrose, and Water.” (Signed by) A. Eric J. 
Vickers, John W. Corran, A. McKeown. 

Taylor, John, 120, Hurlingham Road, Fulham, London, S.W. 6. English. 
Student. Hons. B.Sc. (Durham). Research Student at Armstrong College 
for one year ; at present research student under Professor Bone. (Signed by) 
G. R. Clemo, R. D. Haworth, P. L. Robinson, K. N. Welch, Richard Raper. 

Thompson, Lilian Gebtritde, 134, Colchester Road, Leyton, E. 10. 
Essex. Briti^. B.Sc., London. Student at East London College 1923 
onwards. Research Student in Organic Chemistiy from 1927 (Sept.). {Signed 
by) E. E. Turner, E. Roberts, A. Brewin. 

Thompson, Harold Warris, Trinity CoEege, Oxford. EngEsh. Student 
m Chemistry, Oxford University. Hopes to take Part I, B.A. in June 1928. 
(Signed by) C. N. Hinshelwood, E. J. Bowen, H. Hartley, H. R. Eaikes. 

Thorn, Vera MiLLiCEirT, 37, Steade Road, Sheffield. British. Research 
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Student. TTniversity of Sheffield [Organic Giemistry Dept.]. B.Sc. (Special) 
Chemistry Honours II. 1926, Engaged on Besecuch on Derivatives of 
Piperazine. {Signed by) T. S. Hoore, M. Boyle, W. P. Wynne. 

Tipper, Claeence CiitrL, 6, Bochester Bead, Southsea, Portsmouth. 
British. Certificated Teacher. B.Sc., London University. Be€uimg for 
Hons. Chemistry (Special Degree, London) at Birkbeck College, London. 
(Signed by) Herbert C. Dane, Walter H. Watson, John Wilson. 

Tipsoir, Bobebt Stttabt, 111, AUesley Bead, Coventry. British. Besearch 
Student. B.Sc., 1st Class Honours Chemistry (Birmingham). (Signed by) 
W. Haworth, H. D. K. Drew, E. L. Hirst. 

Tbaxll, Baeph Cuthbert, Ctee College, Cambridge. British. Student. 
M.Sg. (Melbourne). Lately Besearch Student, Melbourne. {Signed by) 
Harold A. Scarborough, W. A. Waters, B. P. Cook. 

Veazey, Wteltam Beeu, Case School of Applied Science, Cleveland, Ohio. 
United States of America. Professor of Chemical Engineering. A.B., 
Westminster College (Pa,), 1903. Ph.D., Johns Hopkins University, 1907, 
Member Board of Directors, Dow Chemical Company, ^lidland, Michigan. 
Author of following U.S. Patents on Magnesium and its Alloys and Metallic 
Sodium: 1,374,968; 1,375,330; 1,377,374; 1,374,968; 1,334,179; 1,334,193; 
1,558,066; 1,515,082; 1,476,192. {Signed by) Olin F. Tower, J. L. B. 

Morgan, James Kendall. 

Wahbi, Aheed Kamee, 329, Gt. Western Street, Bnshohne, Manchester. 
Egyptian. Third year (Honours) Chemistry Student, University of Man- 
chester. I desire to receive the publications of the Society in order to keep 
in touch with the progress of research. (Signed by) Arthur Lapworth, Fred- 
erick Challenger, L. Klein, Alex. Bobertson. 

Ward, Aarous FitzCharles Henderson, 7, Manor Street, Cambridge. 
British subject by birth. Besearch Student. B.A. (1st Class) (Cambrige). 
B.Sc. (1st Class) (London). Amy Mary Preston Bead Scholar in the Univer- 
sity of Cambridge and Holder of D.S.I.B. Research Grant. Late Scholar of 
Jesus College, Cambridge; Fellow of the Cambridge Philosophical Seciety. 

On the Heat of Adsorption of Oxygen on Charcoal ” (acc^ted but not yet 
published), by Ward and Bideal. (Signed by) Eric K. Bideal, W. lEL Mills, 
T. M. Lowry. 

Webb, Jobn Ivor, 12, Third Avenue, Selly Park, Birmingham. British. 
Besearch Student, University of Birmingham. B.Sc., Honours in Chemistry 
(1st). (Signed by) W. K. Haworth, H. D. K. Drew, E. L. Hirst. 

WniTTAai, Richard, 120, Walmersley Boad, Bury, Lancashire. British. 
Research Student. Assistant in Besearch Dept, of British Dyestuffs Corp., 
1920-27. Kow doing research work (Chemistry) at Manchester University 
for Ph.D. Sitting for London External B.Sc. (Hons.), 1928. {Signed by) 
Arthur Lapworth, E. H. Bodd, Percy Chorley. 

Wttjjaes, David Matthew, “ Cranbrooke,” Bridge Street, Aberystwyth. 
Brirish. Assistant Lecturer in Chemistry. B.Sc. (Wales). Ph.D. (Wales). 
1924-27, Senior Chemistry Master, Ebbw Vale County School. 1 927, Assistant 
Lecturer in Chemistry, University College of Wales, Aberystwyth. (Signed by) 
T. Campbell James, O. B. Bury, L. J. Hudleston. 

The following Certificates have been authorised by the Council for 
presentation to ballot under Kye-Law I (2) : 

Bakton-Hobbs, George Ernest, “Braemar,’’ 236, Chelmsford Boad, 
Duzbfm, Katal, South Africa. EngHsh. Ancdytical Chaxiist, Hatal Cane 
By-Products, Ltd., -Me^bank, Natal, South Africa. I.O.S. Diploma, 
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“ Chemistry and Chemical Technology,” in Durban, South Africa. Iiab. 
Asst. Govt. Natal Herb^ and Physiological Laboratory, Durban. Special 
sugar, soil, and general analysis, general laboratory and photography work, 
etc. Asst. Chem. Amatikulu Sugar Mill, Zululand. General Sugar and 
Mill. Post seven years. Chemist, Natal Cane By-Products, Ltd. Manu- 
facturer, Natalite motor fuel. Ale., Abs., etc. Research work in fermentation, 
fertilizer from still refuse, motor fuels, etc. General analysis, etc. (Sigmd 
by) Chas. D. Golding. 

Betti, Mabio, Istituto di Chimica generale, R. ITniversitk, Bologna (Italy). 
Italian. Prof, of General Chemistiy. Director of the Chem. Inst. Chem. 
Doctor (R. Univers., Pisa, 1897). Researches on general, physical and 
organic chemistry, published in Gazzelta chimica italiana, Rendiconti JR. Accad. 
JAnccii etc., from 1897 to 1927. J,C.8.f 1916, 109, 424-28, {Signed by) 
Arnaldo Piutti. 

Van Duin, Constant Pbeoeeik, 34, Nieuwe Gracht, Dtrecht, Holland. 
Dutch. Ph.D., Utrecht (Holland), 1918. Formerly assistant for Organic 
Chemistry at the University of Utrecht, chemist at the munition factory at 
Zaandam, chief chemist of the chemical factory “ Naarden ” at Naarden, and 
Dutch Ramsay Fellow. Author of 35 papers inJRec. trav. chim., Chemisch 
Weekblad, J. Chem. Soc.^ J- Amer. Chem. Soc., Z.physik. Chemity and Verslagen 
Kon. Akad. van Weiensekappen Amsterdam. (Signed by) Ernest Cohen. 

Hughes, Thomas Robeet, 47, Colin St., West Perth, Australia. British. 
Industrial Chemist. Student Member Australian Chemical Institute. Four 
years Chemical Student, Perth Technical School. Five years Chief Chemist 
and Works Manager of Messrs. Plaimar, Ltd., Essential Oil Distillers, Perth, 
West Australia. Research work has been, and is being done, in connection 
with the above Firm on the chemical composition and commercial production 
of Australian Essential Oils, particularly Sandalwood Oil. (Signed by) 
Edward S. Simpson, Albert J. Simons. 

Lenzb, Fbxt2, Berlin, Wilmersdorf, Eisenzahnstrasse No. 5. German 
(Deutsch). Director of the Chemisch-Technischen Reichsanstalt, Berlin, 
Jungfemheide, Postamt Piatzensee. Professor Dr. Besides the function of 
Director of the Chemisch-TechnischenReichsanstalt, author of several treatises, 
ehiefly on explosives and on cellulose, all published in German scientidc 
papers, viz. : (I) BerieJUe d&r JDeviseken dfiemiscken QeseUschaft, 1898, Bl, 
68-90 ; (2) Zeitsiehrifi fur das gesattiie Schiess- u. Sprengstoffwesen, 14, 297, 
316, 331, 346, 377, and 395 ; (3) Journal fur praHische Chemtey 101. (l)J.C.S.y 
1898, 74, i, 227; (2) (No reference to be found.); (3) 1921, 119, i, 163. 
(Signed by) Robert Robertson. 

Levi, Gioboio Renato, Viale Romagna 37, Milano, Italy. Italian. Prof, 
of Physical Chemistry, University of Milan. Dr.chem. (Padova). Researches 
in physical, inorganic, and organic chemistry (Chemical applications of 
2r-Rays, Chlorites, Dyestuffs). (Signed by) Giuseppe Broni. 


ADDITIONS TO THE LIBEAEY. 

T- Donations. 

Abdebbalden, Emil. - [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. HE. Pbysikaiisch-cheinische Methoden, 
Ted B, Heft iv. Berlin 1927. pp. 595 to 720. dl. Jf. 7. (Beed. 
9/1/28.) From the Publishers : Herren Urban & Schwarzenberg. 
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Beitish CoTTo:5f Inbtjstey Beseaech Association. Besearch 
in the cotton industry. A review of the work . . . up to the end 
of 1926 carried out under the direction of the late Aethue William 
Crossley. Edited by Bobert Howson Pickaed. Manchester 
[1927]. pp. xvi + 80!^ m. (Reed. 17/12/27.) 

Prom the Director. 

Everest, Aethue Eenest. The higher coal-tar hydrocarbons. 
London 1927. pp. xiv -f 334. 185. net. (Reed. 13/1/28.) 

Prom the Author. 

Giua, AIichele, Elementi di chimica organica con trattazione 
particolare della chimica di guerra. Torino 1928. pp. viii -f 288. 
ill. L. 35. (Reed. 14/1/28.) 

Erom the Publishers : Messrs. Bosenberg & Sellier. 

Kam, E. J. van dee. Tabellarische tJbersicht der Naphtalin- 
derivate. Auf Grundlage des Werkes : Sur la constitution de la 
naphtaline et de ses derives,’* par Ebedieic Beveedin et Etvtilto 
Noeltino. 2 vols. Haag 1927. pp. xx [458], x 252. 
(Reference.) fl. 35. 

From the Publisher : Heer Martinus Nijhoff. 

Scientific and Indysteial Beseaech, Department of. Build- 
mg Research Board. Beport ... for the period ended 31s1 
December, 1926, etc. London 1927 4*. (Reference.) 

From the Director 

n. By Purchase. 

Clayton, William. The theory of emulsions and their tech 
nical treatment. 2nd edition. London 1928. pp. xri -f 284. ill 
155. net. (Reed. 19/1/28.) 

Clemen, Bydolf A, By-products in the packing industry 
Chicago 1927. pp. xii -f 410. ill. 205. net. (Reed. 19/1/28.) 

Findlay, Alexander. The phase rule and its applications 
6th edition. London* 1927. pp. xvi -}- 326. ill. IO 5 . 6d. nel 
(Reed. 19/1/28.) 

Fitch, William Edward. ABneral waters of the United State 
and American spas. Philadelphia 1927. pp. xvi 800. il 
355. net. (Reed. 17/1/28.) 

Gattefoss]^, B. M, ISTouveaux parfums S 3 mthetiques. 2n 
edition. Paris 1927. pp. 243. 35 fr. (Reed. 2/1 /28.) 

Jeancaed, Paul. Les parfums : chimie et Industrie. Par 
1927. pp. 387. ill. 80 /r. (Becd. 2/1/28.) 

Morse, Withrow. Applied biochemistry. 2nd edition. B< 
vised with the co-operation of Joseph M- Looney. Philadelph 
1927. pp. 988. ill. 325. 6d. net. (Becd., 19/1/28.) 

Hoyes, Arthur Amos, and Bray, William Crowell. A syste: 
of qualitative analysis for the rare elements. New York 192 
Tni 4 - 536. 215. net. iRecd. 19/1/28.) 



PROCEEDINGS 


OF THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, February 2nd, 1928, at 
8 p.m., Professor H. Bbbbeton Baker, C.B.B., D.Sc., 
President, in the Chair. 

Certificates were read for the first time in favour of : 

George Wikon Patton, B.Sc., 36, Arlington Street, Aniaby Boad, HuH. 
Donald Henry Bichardson, Ph.D., M.Sc., A.I.C., 4, The Crossways, Onslow 
Village, Guildford. 

Timvenkata Bajendra Seshadri, M.A., Chemical Department, The University, 
Manchester. 

Alfred Tingle, B.Sc., Ph.D., Department of National Bevenue, Ottawa. 
Leonard Arthur Warren, 16, Bourne Hill, Palmers Green, N. 13. 

Boy Basil Waters, 124, Kingsland Boad, Plaistow, E. 13. 

William Leonard Whiteley, B.Sc., 87, St. IVIark’s Boad, Mitcham. 

Bichard Llewelyn Wilson, M.Sc., Gorphwj^sfa, Caersws, Montgomery. 
Beginald Joseph Winterton, 30, Austin Street, Kingk Lyzm. 

The following papers were read : 

Some experiments on diffusion in solid metals.'* By J. W- 
Jenkin and C. H. Dbsoh. 

“ The alkaloids of some Indian aconites : Aconitum rotundifolium, 
A. BaJfourii, and AL. deinorrhizum.'' By T. A. Henry and 
T. M. Sharp. 

“ The synthesis of weso-alkyl and weso-aryl anthracene deriv- 
atives. Part in.” By E. de B. Barnett and J. W. Cook. 


Ordinary Scientific Meeting, Thursday, February 16th, 1928, at 
8 p.m.. Professor H. Bbbreton Baker, C.B.E., D.Sc., F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

Feb. 15th, 1894. Oot. 24th. 1927. 
Dec. 2nd, 1897. Jan. 27th, 1928. 
June 16th, 1892. Aiig. 13th, 1927. 


Herbert Edward Burgess 
Bichard Oxley Burland 
Henry Couldrey 
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IMr. 0. A. Waters was formally admitted a Fellow of the Chemical 
Society. 

Certificates were read for the first time in favour of : 


Sudhir Chandra Basu, M.Sc., 21, Cromwell Road, South Kensington, S.W. 7. 
Frederick Frank Glasspool, B.Sc., Victoria College, Bath. 

Alice Corfield Kellett, B.Sc., 103, Claremont Road, Pendleton, Manchester. 
Spencer Claude Gascoine Moon, Medway, Amiens Street, Gladesville, N.S.W. 
Edward William J^es Moore, B.Sc., A.I.C., 307, Blackburn Boad, Haslin^en, 
Rossendale, I^cs. 

Charles Earl Muilin, M.Se., Clemson College, South Carolina, U.S.A. 

Walter Weston Webb, Ph.D., B.Sc., A.I.C., Faiimead Cottage, Spring Grove, 
Loughton. , 

A certificate has been authorised by the Council for presentation 
to ballot under Bye-Law I (2) in favour of : 

Edward Charles Haddon, Medical Besearch Laboratories, Entebbe, Uganda. 


Dr. J. G. P, Druce and Dr. J. L. Simonsen were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 


Stanley Baker, M.Sc., Ph.D. 

Harold Hayden Barber, B.Sc., F.r.C. 
George Ernest Barton-Hobbs. 

Mario Betti, Dr.Chem. 

Harold Graham Bott, B.Sc. 

Beginedd Bowsher, B.Sc. 

Basil Butterworth, B.Sc. 

Jessie Cattermole. 

Bibhuti Bhuson Chaudhuri, M.Sc. 
Jacob Davis Cohen, B.Sc., A.C.G.F.G. 
Moses Leveroek Crossley. 

William Fraser Donald. 

Constant Frederick Van Duin, Ph.D. 
Tom Farrar. 

Geoffrey William Fenton, B.Sc. 
George William Ferguson. 

James Flint, M.C. 

Frank Lathe Gilbert, B.Sc. 

Ghazles Frederick Gobdeve, M.Sc. 
Marion Gosset, B.Sc,, A.R.C.S. 

Edgar Beattie Grant. 

Leslie George Groves, B.Sc. 

Herbert Charles Gull, B.Sc. 

Thomas Hagyard, B.Sc. 

Horace Arthur Hampton, B.Sc. 
Donald Holroyde Hay, B.Se. 
dive Whelpton Holman, 
AJJ.I.Mech:E. 

Mar^ll Holmes, M.Sc. 


Theodora Mary Holihes, B.Sc., 
AJR.C.S. 

James Hood. 

Miriam Ivy Horton. 

Thomas Robert Hughes. 
xAiTthur Jackson, BHc. 

Robert Gilbert James, B.Se., A.l.C. 
Anantrao Bamehandra Kagal, BA-> 
B.Sc. 

Herbert Davenport Kay, Ph.D.; D.Sc. 
Frank Eugene Lathe, B.A., M.Sc. 
Kenneth Hugh Lauder, B.Sc. 
Abraham Learner, B.Sc. . 

Fritz Lenze. 

Alfred William Leonard, B.Sc. 
Giorgio Renato Levi, Dr.Chem. 

John Vaughan Loach, B.Sc. 

John Loagwell, M.Sc., A.l.C. 

Arthur Bertram Edmund Lovett, 
B.Sc. 

Charles George L5^ons, B.A. 

Birendra Keshary Mandal. 

Hamilton Byoichi. Matsuda. 

Thomas Heniy Morton, B.Sc. 

Leslie Wallace MuUinger. 

William George Painton, B.Sc., A.l.C. 
Eric PascsJ, M.A. 

Walter A. Patrick, B.S., Ph.D. 

Alfred Pollard, B.Sc. 
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WilHam Arthur Koach, 
A,R.C.S., AJ.O. 

Haas Nicolai Kellermann Bordam, 
D.Se. 

Boland Scott. 

Gladys Irene Sharp. 

Babu Lai Singh. 

Henry GeofEr^ Smith, B.Sc. 

James Andrew Buchan Smithy B.Sc. 
Flasaiey Pereival Stowell, B.Sc., 
Ph.B. 

John Taylor, B.Sc. 

Lilian Gertrude Thomerson, B.Sc. 


Harold Warns Thorop^n. . . 

^era Millieent Thom, B.Se. 

Clarence Cyril Tipper, B.Sc. 

Robert Stuart Tipson, B.Sc. 

Ralph Cuthbert Traill, M.Sc. 

William Reed Veazey, A.B., Ph.D. 
Ahmed Kamel Wahbi, 

Angus Fitzcharles Henderson Ward, 
B.A., B.Sc. 

John Ivor Webb, B.Se. 

Richard Whittam* 

David Matthew Williams, B.Sc., 
Ph.D. 


The following papers were read : 

“ Studies in China wood oil. Part II. The oxidation of p-elaeo- 
stearic glyceride.” By R. S. Moebell and S. IVIaeks. 

Cryoscopic evidence of compound formation in mixtures of 
organic liquids.” By W. M. Madoin, J. B. Peel, and 
H. V. A. Beiscoe. 

" The preparation and properties of selenophene and certain 
halogen derivatives of selenophene.” By H. V. A. Betsgoe 
and J. B, Peel. 

A further case of the spontaneous resolution of externally com- 
pensated mixtures.” By L. Andeeson and D. W. Htll, 


ANNUAL GENBRAL MEETING. 

The Annual General Meeting will take place on Thursday, March 
22nd, 1928, at 4 p.m., when the retiring President, Professor H. 
Beebeton Bakee, C.B.E,, D.Sc., P.R.S,, will deliver his address. 


ANNIVERSARY DINNER. 

The Anniversary Dinner of the Society will be held at the Hotel 
Victoria, King Edward Vllth Rooms, Northumberland Avenue, 
W.O. 2, on Thursday, March 22nd, 1928 (the day of the Annual 
General Meeting) at Seven for Half-past Seven o’clock. 

The Presidents of the Belgian, Danish, Dutch, Finnish, Norwegian, 
and Swedish Chemical Societies, the President of the Union Inter- 
naticmale, and other distinguished guests have been invited by the 
Council to the Dinner, and it is hoped that there wiU be a lar^ and 
representative gathering of Fellows present. 

Tickets, price Twelve Shillings and Sixpence {12s. M.) each, 
including gratuities to waiters, can be obtained from the Assistant 
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Secretary, Chemical Society, Burlington House, Piccadilly, W. 1 . A 
remittance for the number of tickets required, made payable to S. E. 
Carr, must accompany each application. 


list of Papers, or Abstracts thereof, received between January 

19th and February 16th, 1928. (This list does not include the 

titles of papers, or abstracts thereof, which have been read at an 

Ordinary Scientific Meeting, or which have appeared in the 

Journal.) 

“ Polysaccharides. Part I. The structure of inulin.'’ By W. N. 
Hawobth and A. Leabneb. 

‘‘ A new pipette.” By H. N. ProYABD. 

“ Silver nitrate concentration cells in acetonitrile and benzo- 
nitrile.” By F. K. V. Koch. 

‘^The burning of carbon disulphide. Part II. The velocity of 
the uniform movement of flame in carbon disulphide-second 
combustible-air mixtures.” By A. G. White. 

“ The precipitation of cadmium sulphide from aqueous solutions 
of cadmium chloride in the presence of hydrochloric acid and 
other chlorides. Part 11. Neutral salt effect.” By S. 
Kbishnamubtx. 

“ Some miscibility relations of acetic anhydride.” By D, 0. Jones 
and H. F. Betts. 

Molecular volumes at absolute zero.” By W. Biltz. 

■ ' Proteolytic enzymes in brewers’ yeast.” By D. A. B.irDDLB. 

“ Lead subacetate solution (' Goulard’s extract ’) and its reaction 
with phenols.” By C. S. Gibson and E. Matthews. 

“ The intermoleeular condensation of acetylmethylanthranilic acid 
by means of phosphorus pentachloride and the formation of 
a complex isocyanine dye.” By I. M. HbHiBeon, S. L. Holt, 
and F. N. Kitchen. 

Stereoisomerism in polycyclic systems. Part IV. Two stereo- 
isomerides of 2 : 3 : 4 ; 5 : 12 : 13-hexahydroqumindene.” By 
W. H. Peekin and S. G. P. Plant. 

“ A new synthesis of 4-amino-3-hydroxyphenylarsinic acid.” By 
I. E. Balaban. 

“ Some properties and reactions of p-chloroethyl, ^-cyanoethyl, 
and p-carbethoxyethyl toluene-jj-sulphonates, and an extension 
of the Friedel-Crafts reaction.” By G. R. Clemo and E. 
Walton, 

EquHibrium in binary systems composed of ethylenediamine and 
phenols.” By N. A. Pushin and L. Sladovech. 
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Benzoic esters and electronic affinities of radicals. Part I.’’ By 
A. Zaki, 

^^Constituents of Myoporum ledum, Porst. (The ""Ngaio^’). 
Part m. The oxide rings of ngaione, an isomeride of ngaiol, 
and a sesquiterpene monoxide/’ By F. H. MoDowall. 

“ The influence of groups and associated rings on the stability of 
certain heterocyclic systems. Part IV. The substituted 
butyro- and valero-lactones.” By S. S. G. Sikcab. 

“ Selenium oxyfluoride.” By E. B. R. Preceaux and C. B. Cox. 

"'The nitration of mixed ^n-dihalogenobenzenes.” By H. A, 
Mayes and E. E. Turner. 

The competitive interaction of alkyl and aryl halides with mag- 
nesium.” By H. W. Rudd and E. E. Turner. 

The isomerism of the styxyl alkyl ketones. Part IV. 4-Hydroxy- 
and some derivatives of 2-hydroxy-styryl alkyl ketones.” By 
A. McGookin and D. J. Sinclair. 

“ The isomerism of the styryl alkyl ketones. Part V. 2-Hydroxy- 
st3ntyl fer^.-butyl, ^sobutenyl, and phenyl ketones.” By A. 
McGookin and D. J. Sinclair. 

** The constitution of irigenin and iridin. Part I.” By W. Baker. 

“ The condensation of certain aldehydes with ketones of the 
morphine group.” By J. M. Gulland. 

” The mechanism of the degradation of fatty acids by mould fungi. 
Part I.” By T. K. Walker and P. D. Coppock. 

** Nature of the alternating effect in carbon chains. Part XXV. 
Activation of extended conjugated systems,” By J. W. 
Baker, 

A test for caryophyllene.” By D. T. Gibson. 

‘‘ The action of bromine water on certain olefinic acids.” By J. 
Read and W. 6 . Reid. 

‘‘ Mobile-anion tautomerism. Part I. A preliminary study of the 
conditions of activation of the three-carbon system, and a 
discussion of the results in relation to the modes of addition to 
conjugated systems.” By H. Burton and C. K. Ingold. 

” Equilibrium in solutions, A note on " the activity theory of 
reaction velocity.’ ” By W, F. K. Wynne- Jones. 

** The nature of the hydroxyl groups of hydroxyanthraquinones.” 
By A. Green. 

The complex salts of bivalent platinum with apy-triamino- 
propane.” By F. G. Mann. 

'' On the chemical individuality of humulene.” By A. 0. Chapbian. 

Ohloroamines as halogenating agents. lodination by a diloro- 
amine and an iodide.” By A. E. Bradpield, K. J. P. CteTON, 
and I. G. Roberts. 



The action of cuprous cyanide and methyl iodide.” By E. G. J. 
BLabtley. 

The constitution of thebenine.” By J. M. Gullaed and C, J. 
VntDBN. 

The unsaponifiable matter from the oils of Elasmobranch fish. 
Part IV. The establishment of the structure of selachyl and 
batyl alcohols as monoglyceryl ethers.” By I. M. HsmsBON 
and W. M. Owens. 

“ Note on a volatile platinum compound.” By R. 0, Menzies. 

” Orientation effects in the diphenyl series. Part . VI. The 
supposed isomerism of the dioitrotolidines.” By R. J. W. Le 
FIjvbe and E. E. Txjbnee. 

Synthetical experiments in the aporphine group. Part II. A 
synthesis of bulboeapnine methyl ether.” By J. M. Gtoland 
and R. D. Hawobth. 

The system sodium-tin.” By W. Hume-Rotheby. 


ADDITIONS TO THE LIBRARY. 

I. Ikmatiom, 

Ausyeaula, Commonwealth oe. Council for Scioniific and 
Industrial Research. First annual report, etc., Melbourne 1927+ • 
{Reference.) From the Council. 

Bailey^ Geoege Hebbebt, and Sneilgbove, Douglas Rose- 
BEBY. Inorganic chemistry, VoL II. Mainly metals. London 
1928. pp. viii + 430. ill. Os, 6d. net. {Reed. 24/1 /28.) 

From the Publishers : University Tutorial Press. 

Bolton, Edwaed Richabds. Oils, fats, and fatty foods : their 
practical examination. A handbook for the use of analytical and 
technical chemists and mannfacturers. With a chapter on 
vitamines by Jack Cecil Dbummond. Being a 2nd edition of 

Fatty foods ” by Edwaed Richabds Bolton and Cecil Revis. 
London 1928. pp. xvi + 416. ill. 80s. net. {Reed, 13/2/28.) 

From the Author. 

Cambbidge Philosophical Society. Proceedings. VoL XX, 
etc. Cambridge 1920 +. {For circulation.) 

From Professor C. S. Gibson, O.B.E. 

Comptes-Rendus des Trayaux DU Laboratoiee Cablsberg. 
Tables des volumes I a XVI, 1876 — 1927. Copenhague 1927. pp. 
69- {Refp'ence.) 4s. 6d. net. From the Publisher : H. Hagerup. 

Folia Cunzca Chmica et Mioboscoitca, VoL I, etc. Bologna 
1926 +. {Reference.) From the Biochemical Society. 
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jAPiJSTESE JouKNAL OP Medioal SCIENCES. Transactions. 11. 
Biochemistry. Published by the National Besearch CSouncil of 
Japan. VoL I, etc. Tokyo 1925 +. {Eeference,) 

Prom the Director. 

Organic Syntheses : an annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. VII. 
Edited by Frank C. Whitmore [and others]. New York 1927. pp. 
viii + 106. Is. 6d. net. (Becd. 6l2j2S.) 

From the London Publishers : Messrs. Chapman & Hall. 
Bice, Francis Owen. The mechanism of homogeneous organic 
reactions from the physical-chemical standpoint. New York 
1928. pp. 218. ill. Sonet. (Becd. 31/1/28.) 

From the Publishers : The Chemical Catalog Co. Inc. 
Thoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftiichen Pharmazie. Vol. VI, Part vi. Berlin 1928. 
M. 10. (Becd. 6/2/28.) 

From the Publishers : Herren Urban & Schwarzenberg. 
WsEEiiER, Edward. The manufacture of artificial silk. London 
1928. pp. svi + 150. iU. 12e. 6d. net. (Becd. 30/1/28.) 

From the Publishers : Messrs. Chapman & Hall. 

n. By Purchase. 

Bbethelot, Marcelin. Science et education. Discours et 
notices acad6miques. Paris 1901. pp. xii + 384. 3/r. 50« (B^. 
2/2/28.) 

Bdyth, Adexandeb Wynter, and Elyhh, Meredith Wyntbb. 
Foods, their composition and analysis. 7th edition. By Henry 
Edward Cox. London 1927. pp. xxvi+620. ill. 38e. net. 
(Becd. 16/2/28.) 

Bttswell, Arthur M. The chemistry of water and sewage 
treatment. New York 1928. pp. 362. ill. 295. 6d. net. (Becd. 
16/2/28.) 

Cameron, Alexander Thomas. A textbook of biochemistry for 
students of medicine and science. London 1928. pp. x + 462. 
ill. 155. net. (Becd. 16/2/28.) 

Gerhardt, Charles, Correspondance. Edited by Mabo 
Tiffeneau. Vol. II. Gerhardt et les savants Frangais 1842—1856. 
Paris 1925. pp. vi + 322. ill. 30 /r. (Becd. 6/2/28.) 

GltNTHERscHULZE, Adolf. Galvanische Eiemente. (Mono- 
graph. angew. Eiektroch. Vol. 48.) Halle (Saaie) 1928. pp. 
viii + 184. ill. M. 15, (Becd. 2/2/28.) 

Harrow, Benjamin. Eminent chemists of our time. 2nd 
edition. New York 1927. pp. xx + 472. ill,. 135. fid. net. 
(Becd. 31/1/28.) 
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L5we, Fritz. Optlsolie Messungen des Chemikers und des Med- 
iziners. Dresden 1925. pp. xi+166. ill. if. 7.60. (-Reed. 2/2/28.) 

Lobenz, Eichabd. Das Gesetz der chemischen Massenwirkung. 
Seine thermodynamisclie Begriindung nnd Erweiterung. Leipzig 
1927. pp. X + 176. ill. if. 14.60. [Reed, 10/2/28.) 

Peddle, Cybil James. Defects in glass. London 1927. pp. 
[x3 + 206 + sdv. ill. 85.6d.net. (JSeed. 26/1/28.) . 

Powell, Sheppard T. Boiler feed water purification. New 
York 1927. pp. x + 364.^ ill. 205. net. {Becd. 16/2/28.) 

Eobebts, JoH2!r. Coal carbonization, high and low temperature : 
a treatise on the principles and processes of manufacturing coke and 
semi-coke. London 1927. pp. xvi + 406. ill. 2 d 5. net. {Reed, 
24/1/28.) 

ScHUMM, Otto. De spektrochemische Analyse naturlicher 
organischer Farbstoffe. ilit besonderer Beriic^ichtigung des 
Blutfarbstoffs, seiner medizinisch wichtigsten Abkomnilinge und 
einiger verwandter Pflanzenfarbstofie. 2nd edition. Jena 1927. 
pp. xi + 290. ill. if. 25. [Reed, 8/2/28.) 

ScHWYZEB, Julius. Die Fabrikation der Alkaloide. Berlin 
1927. pp. iv + 123. iU. M, 12. [Reed, 8/2/28.) 

SosMAH, Robert B. The properties of silica : an introduction 
to the properties of substance in the solid non-conducting state. 
New York 1927. pp. 856. iU. 52s. net. [Reed, 16/2/28.) 

Trotman, Samuel Russell, and Thorp, E. L. The principles 
of bleaching and finishing of cotton. 3rd edition. London 1927. 
pp. X -f 688. ill. 305. net. [Reed, 24/1/28.) 

[United States] National Research Council. Molecular 
spectra in gases. Report of the Committee on Radiation in Gases. 
Washington 1926. pp. 358. ill. 185.net. (ii^ecd. 11/1/28.) 

United States Steel Corporation. Methods ... for the 
sampling and analysis of gases. 3rd edition. Pittsburgh 1927. 
pp. xiv + 188. ill. Il5. net. [Reed, 22/12/27.) 

Walker, William Hultz, Lewis, Warren K., and McAdajms, 
WhliamH. Principles of chemical engineering. 2nd edition. New 
York 1927. pp. xii + 770. fil. 275. U, net. [Reed, 19/1/28.) 

Whipple, George Chandler. The microscopy of drinking 
water. 4th edition. Revised by Gordon Maskew Fair and 
jVIelville Conley Whipple. New York 1927. pp. xx -f 586 + 
xix plates. 365. net. [Reed, 19/1/28.) 

Wilson, Samuel P. Pyroxylin enamels and lacquers. 2nd 
edition. [New York 1927.] pp. xvi -f 254. ill. 185. net. (Reed, 
19/1/28.) 

Wood, Wilijam P., and Cork, James M. Pyrometry. New 
York 1927. pp. viii + 208. ill. 155. net. [Reed, 16/2/28.) 



PROCEEDINGS 

OP THB 

CHEMICAL SOCIETY. 

Extra Meeting held on Thursday, February 23rd, 1928, at 8 p.m., 
Professor H. BBERETOisr Baker, G.B.E., D.Sc., F.R.S., President, 
in the Chair. 

Professor A. Fowler, F.R.S., delivered his Lecture entitled 
“ Spectra and Atoms.” A vote of thanks to the Lecturer, pro- 
posed by the Bt. Hon. Lord Rayleigh, F.R.S., and seconded by 
Professor H. E. Armstrong, F.R.S., was carried with acclamation, 
Professor Fowler making acknowledgment. 


Ordinary Scientific Meeting, Thursday, March 1st, 1928, aft 8 p.m., 
Professor H. Beebeton Bakeb, C.B.E., I>.Sc,, F.R.S;, President, 
in the Chair. 

The Pbesidbbt referred to the loss, sustained by the Society, 
through death on December 28th, 1927, of Mr. Charles James 
Waterfall, who was elected a FeUow on November 16th, 1882; 

The following list of nominations for vacant places on the Council 
was read from the Chair : 

President (one vacancy) : Jocelto F. Thoepe. 

Treasurer (one vacancy) : T. Slateb Price. 

Secretary (one vacancy) : T. S. Mooeb. 

Vice-Presidents who have filled the office of President (three 
vacancies) ; H. Bbeeeton- Bakeb, William H. Pebkin, and 
Sib James Walkeb. 

Vice-Presidents who have not filled the office of President (two 
vacancies) : Wh^liamH. Mills, James C. Philip. 

Ordinary Members of Council : 

(a) Town Memb^s, i.e. those reddent within 60 miles of Charing 
Ckoss (six vacancies) ; Wttltam A. Bone, Habold King, 
John L. Simonsen, Samxtel Suglen, Henbx Teebex, and 
Martha A. Whetelby. 
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(b) Counla^y'JVIetabers, i.e, those resident beyond 50 miles from 
Charing tiQss (two vacancies) : William M. C^ummesto, 
Nevel V'. SmawicB:. 

The following were formally admitted Fellows of the Chemical 
Society: J. Masson GuUand, L. W. MuUinger, T. M. Holmes, 
M. Grosset, J. W. T. Jones. 

Certificates were read for the first time in favour of : 

Frank Bryans, M.Sc.Tecli., 14, Chiirch Street, Pendlebmy, Mancliester. 
Julian Paul Fraser, c/o The Burmah Oil Co., Ltd., Syriam, Burma. 

John Gaius Ashwell Grifliths, B.A., A.I.C., Gable Beach, Coppice Avenue, 
Great Shelford, Cambridge. 

Chuan-Ling Liang, B.A., M.Sc., 17, West Compound, Tsing Hua University, 
Peking. 

Charles Edward Leslie Lucas, A.I.C., 27, Park Hill, Ealing, W. 5. 

Glyn Owen, M.Sc., Dalton Hall, Victoria Park, Manchester. 

Ales Rae, The Trees, Thingwall Road, Wavertree, Liverpool. 

Reginald Harvey Spiller, A.R.C.S., A.I.C., Stonewall, Limpsfield, Surrey. 

The following papers were read : 

‘'The complex salts of bivalent platinum with a^y-triamiiio- 
propane.” By F. G. MAim. 

“ The constitution of thebenine.” By J. M. Gullaftd and 0. J. 
VmDEN. 

“ Properties of conjugated compounds. Part V. The constitution 
of the sodio-esters derived by the Mchael reaction as related 
to the additive process.” By E. H. Farmer and C. B. 
Lakgford. 

“ Properties of conjugated compounds. Part VI. The hydrogen- 
ation of certain extended heterogeneous systems.” By J. T. 
Evans and E, H. Farmer. 


Ordinary Scientific Meeting, Thursday, March 15th, 1928, at 
8 p.m., Professor H. Brereton Baker, C.B.E., B.Sc., F.E.S., 
President, in the Chair. 

The Peesidbnt referred to the loss sustained hy the Society, 
through death, of the following Fellows : 


Elected. Died. 

John F. V. Isaac Dec, loth, 1892. Dec. 21st, 1927. 

James Taylor June 17th, 1880. Dec. 14th, 1927. 


The following were formally admitted Fellows of the Chemical 
Society : Wm. G, Painton, J. Cattermole, R. A. Morton. 



27 


Certificates were read for the first time in favour of : 

Alfred Ernest Barratt, White House, Bte.wthom Drive, Evington, Leicester. 
Henry Scott Buekland, Jesus College, Cambridge. 

Bertrand Steekdale Clarke, 62, Algers Road, Loughton. 

Donald Vernon Ivins, No. 208 Squadron, Royal Air Force, H.Q. Cairo Brigade, 
Helwan, Cairo. 

Ralph Oliver Phillips, M.Se., Forestal Central Laboratories, Harpenden. 
Vaidyanathier Ramaswami, M.Se., 18, Luxembourg Gardens, W. 6. 
Devanahalli Krishna Rao, B.Se., c/o The Commonwealth Trust Ltd., Calicut 
P.O., India. 

Certificates have been authorised by the Council for presentation 
to ballot under BycrLaw I (2) in favour of : 

Yuoh Fong Chi, Yale University, New Haven, U.S.A. 

Frederick Hardy, Windyridge, Curepe, Trinidad. 

The following papers were read : 

“ Mobile-anion tautomerism. Part I. A preliminary study of the 
conditions of activation of the three-carbon system, and a 
discussion of the results in relation to the modes of addition to 
conjugated systems.’* By H. Bxjbtok and C. K. Ikgold. 

Studies of dynamic isomerism. Part XXVII. The absorption- 
spectra of prototropic compounds. Physical properties of the 
enolic and ketonic forms of benzoylcamphor.” By T. M. 
Lowry, C. A. H. MacConkby, and H. Burgess, 

‘‘ The parachor and chemical constitution. Part IX. Boron com- 
pounds.” By J. J. Etredge and S. Sugden. 

Observations on the passivity of metals.” By E. S. EDbdges. 

List of Papers, or Abstracts thereof, received between Pebruary 
16th and March 16th, 1928. (This list does not include the titles 
of papers, or abstracts thereof, which have been read at an Ordinary 
Scientific Meeting, or which have appeared in the Journal.) 

“ Internal equilibrium in liqidd sulphur. Part I.” By D. L. 

Hatvuvttck, W. R. Cousins, and E. J. Langford. 

“ The ring structure of sugars. The isolation of a new form of 
lyxose.” By W. N. Haworth and E. L. BtasT. 

‘‘The condensation of chloral with substituted phenols.” By 
P. B. Ghattawat and P. Galvbt. 

“ The reduction of selenious acid,”* By L. M. Glakk. 

“ Some dinitroethylbenzenes.” By O. L. Brady, J. N. E. Day, 
and P. S. Allah. 

“ Imide ring closure in derivatives of diketosuccinic acid phenyl- 
osazone.” By P. D. Chattaway and W. G. Humphrey. 
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The chlorination of anilides. ^-Oblorination and C-chloiination 
as simultaneons side reactions.’^ By E. J. P. Oeton, F. G. 
Soper, and G. WniiAMS. 

“ The photodecomposition of triphenylmethyl.” By S. T. Bowbek 
and W. J. JojfTES. 

“ Cyclic disulphides derived from diphenyl.” By H. J . Barber 
and S. Smiles. 

“ A method for the photographic examination of moving flames.” 
By A. G. White. 

“ Conversion of hydroaromatic into aromatic compounds. Part II. 
Action of bromine on 5-chloro- and 5-bromo-l -phenyl- A^-c^/cZo- 
hexen-3-one,.” By L- E. Hinkel and B- H. Hey. 

“ E<][ui]ibrium in electrolyte solutions and the reaction velocity 
equation.” By F. G. Soper. 

“ The action of nitrous acid on amino-compounds. Part I. 
Methylamine and ammonia.” By T. W. J. Taylor. 

** Equilibrium diagram of the system antimony— arsenic.” By 
Q. A. Manshbi. 

“ The influence of structure on the keto-enol change. Part I. The 
velocity of enolisation of some substituted amides of, aceto- 
acetic acid.” By R. H. Spilleb and R. W. West. 

** On the oxidation of 7 i-hexane,” By M. Brijitnbr and B. K. 
Rideal. 

” Some experiments in intensive drying.” By R- H. Purcell. 

“ The action of aniline on d-glutamic acid.” By W. H. Gray. 

The tautomerism of cyctopentadienes. Part I. Some derivatives 
of methyk^cfopentadiene.” By F. R. Gk>ss and C. K. 
Ingold. 

“ Acid and salt effects in catalysed reactions. Part XHE. Inert 
salt effects in the catalytic action of acids.” By H. M. Dawson 
and A. Key. 

“ Reactions of carbohydrazide. Part U.” By A. M. Munro and 
F. J. Wilson. 

“ The determination of volatile matter in coke.” By F. J. Eaton 
and S. Pexton, 

“The chlorination of anilides. Part IV. The significance of 
velocily measurements in relation to the problem of benzene 
substitution/' By A. E. Bradpield and B. Jones. 

“ The constitution of phenolphthalein. Part I. Preparation of 
some compounds of the phthalein type.” By H. Lund. 

The hypothesis of valency-deflection.” By C. K. Ingold and 
J. F. Thorpe. 

“ Ionic equilibrium in colloidal solutions.” By H. D. Murray. 

The conductivity of copper hydrosols.” By H. D. Murray. 
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‘"The pectin and heniicelluloses of the flax plant.” By S. T. 
Hbstdeeson. 

“ The preparation of 4 : 4'-dinitrobenziL” By F. D. Chattaway 
and E. A. Goulson. 

“ On active nitrogen. Part V. The decay of the nitrogen after- 
glow.” By E. J. B. Willey. 

“ The chemistry of polycyclic structures in relation to their homo- 
, cyclic unsaturated isomerides. Part IX. The effect of the 
^pirocycZopentane grouping on the five-carbon intra-annular 
tautomeric nucleus.” By F. R. Gtoss. 

“ Some thiazole derivatives. Part 11.” By H. W; Stephen and 
F. J. WiLSOK. 

“ A quantitative study of the oxidation of methyl oleate and 
elaidate by hydrogen peroxide in presence of acetic acid.” 
By T. P. Hilditch and 0. H. Lea. 

“ Optical activity and the polarity of substituent groups. Part 
Vni. Growing chain effects and the ortho-effect in benzoic 
esters.” By H. G. Rule^ W. Hay, and J. Paul. 

“ The mechanism of tautomeric interchange and the effect of 
structure on mobility and equilibrium. Part 11. Ring-chain 
tautomerism in its relation to the mutarotation of the sugars.” 
By J. W. Baker. 

“ The reaction of bromine with aliphatic acids. Part II. The 
relative speeds of bromination of acetyl bromide and acetyl 
chloride.” By H. B. Watson. 

“ The condensation of ketones with ethyl acetoacetate.” By L. G. 
Jupp, G. A. R. Kon, and E. H. Lookton. 


ADDITIONS TO THE LIBRARY. 

I. DoTuiiixms, 

Abdebhalpen, Emil. [Editor.] Han4buch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden, TeH % 2 Halfte, 
Heft ii. Berlin 1928. pp. 1339 to 1968. ill. M, 32,. {Becd^ 
27/2/28.) From the Publishers : Herren Urban & Schwarzenberg. 

Fbiend, John Nevtton. [Editor.] A text-book of inorganic 
chemistry. Vol. Vni. The halogens and their alloys. By 
I Geopfrey IVIabtin and Esnest Augustus Dancastee. London 
1915. pp. xviii + 338. ill. {For circulation,) 

I , ^ , From Dr. J. Newton Fnend. 

£ ; Institut Physico-Chimique. Annales, Vol. I, etc. Petrograd 
P^ter, .Leningrad] 1919+. [In Russian.] {Befermce.) 

Ivi . From the Institute. 
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Physics in Indxjstby^. Lectures delivered before the Institute 
of Physics. VoL IV. By Walteb I^Iakower and Bernard A. 
Keen. YoL V. By Harry Egerton Wimpeeis and Frank 
Edward Smith. London 1926-27. pp. 04, 54. ill. (Be/ere/ice.) 
35. and 2s. 6d. net. From the Institute of Physics. 

ScHTMMEL & Co. Semi-annual report. 26 Reports to complete 
Library set. New York 1896-1910. {Beference.) 

From Mr. C. Sordes Ellis. 
ScEENTmc AND Industeial RESEARCH, Department of. Build- 
ing Research. Building Science Abstracts. Vol. I {New Series)^ 
etc. London 1928-f. {Reference.) Prom the Department 

Thobmann, Kurt. Destillieren und Rektifizieren. (Chemische 
Technologic in Einzeldarstellungen.) Leipzig 1928. pp. viii + 
114. ill. M. 14. [Reed. 3/3/28.) 

From the Publisher : Herr Otto Spamer. 
Timmeebians, Jean. La notion d’espece en chimie. Paris 1928. 
pp. iv + 134. ill. (Reed. 28/2/28.) 

From the Publishers : MM. Gauthier-Villars et Cie. 


H. By Purchase. 

American Gas Association. Report of chemical committee — 

1926. Recent progress of science in relation to the gas industry.*’ 
New York. (Reference.) 7s. 6d. net. 

Donath, Eduard . Die Chemie der Ziegelmauerwerkes. (Samm- 
lung Vol. XXX.) Stuttgart 1928. 

Dowung, R. N. Sugar beet and beet sugar. London 1928. 
pp. X, 5 to 278. ill. IBs. net. (Reed. lBIZj2S.) 

Handbuch der Physik. Edited by Hans Geiger and Karl 
S cheed . Vol. Xn. Theorien der Elektrizitat. Elektrostatik. 
Edited by Wilhelm Westphal. Berlin 1927. pp. viii + 564. 
ill. if. 49. (Reed. 213/28.) 

— Vol. Xni. Elektrizit&tsbewegung in festen und 

fitissigen Korpem. Edited by Wilhelm Westphal. Berlin 1928. 
pp. viii + 672. iU. if. 58. (Reed. 2/3/28.) 

Holmes, Harry N. Laboratory manual of colloid chemistry, 
2nd edition. New York 1928. pp. xviii + 228. ill. 15a. net. 
(Reed. 15/3/28.) 

Hudleston, Lawson John. Chemical affinity. London 1928. 
pp. viii +- 138. ill. Is. 3d. net. (Reed. 15/3/28.) 

Kopleb, Ludwig. Die Saponine. Wien 1927. pp. x + 278. 
ill. if. 20. (Reed. 3/3/28.) 

Mullin, Gbtarles E. Acetate silk and its dyes. [New York 

1927. ] pp. 474. ill. 26a. net. (Reed. 22/2/28.) 
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Mitebay, Benjamin LtndIiEY. Standards and tests for reagent 
and C. P. chemicals. 2nd edition. [New York 1927.] pp. siv+ 
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Pryde, John. Recent advances in biochemistry. London 1928. 
pp. X + 380. ill. 12a. M. net. {Reed, 15/3/28.) 
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in der Sesquiterpenreihe. (Portschritte der Ohemie, Physik und 
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Stabk, Johannes. Die Axialitat der Ldchtemission und Atom- 
struktur. Berlin 1927. pp. xii + 124 + 11 plates, ill. M. 6. 
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Wilson, Hewitt. Ceramics, day technology. New York 
1927. pp. xiv + 296. ill. 205. net. {Reed, 16/3/28.) 

WoLPF, Hans. Die Losungsmittel der Pette, Ole, Wachse und 
Harze. (Monographien . . . der Fett-Chemie, Vol. I.) 2nd edi- 
tion. Stuttgart 1927. pp. xvi + 270. ill. M, 17.50. {Reed, 
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m. Pamphlets, 

AuitotrssEAir, M. Analyses of three Australian rooks. (Prom 
the Proe. Linnean 8oc. New South Wedes, 1926, 51.), 

BbeneRjEndre. a contribution to the thennochemistiy of organic 
compounds. (Prom the Arch, MafJi, Nedurvidenslcab,^ 1926, B 39.) 

Boyd, James.. The estimation of dust in mine air on the Wit- 
watersrand. (Prom the J, S, African Inst. Eng,, 1928, 26.) 

Clabk, William Mansifield, Cohen, BABNETT,.and Sullivan, 
Michael Xavier, Studies on oxidation-reduction. XII. A note 
on the Schardinger reaction. (In reply to Eodama.) {U.8, Public 
Health Reports, 1927, Supplement No. 66.) 

Clarke, Prank Wigglbsworth. Biographical memoin Ed- 
ward Williams Morley, 1838-1923. (Prom the Mem. Nat. Acad, 
1927, 21.) 

Collie, John Norman. A century of chemistry at University 
College. London 1927. pp. 35. 

Gibson, (3hables Stanley, and Sodeau, William Horace. 
The use of plaster of Paris and allied substances for dental models. 
Preliminary note. (Prom the British Denial J., 1927.) ill. 

INSTITUTE OF Chemistry of Gibeat Britain and Ireland, 
Chemists and dividends. By S. M. Gluckstein. London 1927. 
pp. 24. 

The chemist in the photographic industry.’ By Olaf 

Prbderick Bloch. London 1927. pp. 18. 
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IssTTriTTB OF Ghemistby OF Gebat Beitaust and Ieeland. 
Jubflee celebration, 14th — 15th December, 1927. pp. 63- ill. 

Jersey. Bapport de Tanalyste officiel pour Tann^e 1926. 
Jersey 1927. pp. 19. 

Kooebman, Patte Mcolai. The oil-shale industry of E^onia. 
Tartu 1927. pp. 40. iU. 

Medical Research Cottncil. Special Report Series, No. 117. 
The toxaemias of pregnancy; a clinical and biochemical study. 
By John Nobman Gbtjickshans:, John Hewitt, and KATHABUffE 
Lamont CoTJFEE. London 1927. pp. 128. 

JVIiNES Department. Safety in Mines Research Board- Paper 
No; 37. The estimation of firedamp : flame caps. By C. S. W. 
Gbicb and Donald Whitley Woodhead. London 1927. pp. 
8 + 6 plates. 

Paper No. 38. The pressures produced on blowing 

electric fuse links. By G. Allsop and Richard Vernon Wheeler. 
London 1927. pp. 52. ill. 

Paper No. 39. The pressures produced by electric 

arcs in closed vessels. By G. Allsop and Richard Vernon 
Wheeler. London 1927. pp. 14. ill. 

Paper No. 40. The lighting power of flame safety- 

lamps. By Richard Vernon Wheeler and Donald Whitley 
Woodhead. London 1927. pp. 66. ill. 

Ministry of Agriculture and Fisheries. A report on an 
investi^tion into the desiccation of sugar beet and the extraction 
of sugar, with a note on the treatment of sugar beet effluents. By 
B. J. Owen. London 1927. pp. 84. ill. 

Moie, James. Colour and chemical constitution. Part XXL 
A study of methyl derivatives of the phenolphthaleins. Part XXII. 
Dicyolic azomethines and their congeners, (From the Trans- Roy- 
Soc. S- Africa, 1927, 14.) 

Morley, Edward Williams. See Clarke, Frank Wiggles- 

WORTH. 

Phillips, Max, Clark, William IVIansfield, and Cohen, 
Barnett. Studies on oxidation-reduction. XI. Potentiometrio 
and spectrophotometric studies of Bindschedler’s green and toluylene 
blue. {US- FfiMic Health Re<ports, 1927, Supplement No. 61.) 

Scientific and Industrial Research, Department of. Build- 
ing Research. Bulletin No. 2. Pozzolanas. By Alfred Denys 
C owPER and Frank Lawrence Brady. London 1927. pp. 
iv + 10. 

Special Report No. 10. Slag, coke breeze and clinker 

as aggregates. By Frederick Mbasham Lea and Frank Law- 
rence Brady. London 1927. pp. vi + 22. ill. 
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Wymxe, W. P., P.R.S., Pa8t*Presi^ 
dent. 

Yeoman, E. W. 

The folloTTing is a list of the Toasts proposed : — 

1. The King. 

2. The Queen, the Prince of Wal^, and the other Members of 
the Royal Family. 

By The Eight Honourable Yisoount 0hi5XMSFOBI>, G.O.S.I., 
G.C.M.G., G.CJ.E., G.B.E.:— 

3. “The Chemical Society,” coupled with the name of the 
President. 

By Sm William J. Pope, K.B.E., D.Sc., F.R.S., Past- 
President : — 

4. “ Intemalaonal Chemistry,” coupled with the names of : 

(<x) Professor Be. Eenst Cohen, For.Mem.E.S., President, 
Union Internationale de la Chimie Pure et Appliqu4e, 
and representing the Nederlandsche Chemische Vereeni- 

(6) Professor Db. Bbob A, L. Holmbebo, President, Kemist- 
samfundet, Stockholm. 

(c) Professor Db, W. D. Tbbadwbll, President, La Societe 

Suisse de Chimie. 

(d) Professor W, Wahl, Vice-President, Finska Kemistsam- 

fundet, Helsingfors. 

By Professor F. G. Doiinan, C.B.E., D.So., F.R.S., Foreign 
Secretary : — 

5. “ The Guests,” coupled with the names of : 

(а) Sib Fbank Dicesee, K.O.V.O., D.O.L., President of the 

Royal Academy of Arts. 

(б) Monsieur 0. R. Pabayioini, Minister for Switzerland. 

(e) The Eight Honourable Sib Alebbd M. Moot, Bart., M.P. 

After the Loyal Toasts had been honoured, Viscount Chelms- 
POBX> proposed the toast of “The Chemical Society,” and said 
that he belonged to the unfortunate age when the place of science 
in a liberal education was not sufficiently appreciated and the 
Science master was a figure of fun. When he went to Winchester 
in 1881 there was no laboratory in the College, nor did he remember 
any practical instruction in science. The forty or more years 
which had passed since then had produced a complete revolution 
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in the outlook towards scientific teaching. That revolution^was 
•due to constant pressure exerted by such a Society as the Chemical 
Society on public opinion. 

Viscount Chelmsford referred to the fact that he was President 
of the Miners’ Welfare Pund, which had contributed so much 
towards the endowment of research. The achievements of chemistry 
afforded that benefit to the common life which he who runs might 
read. 

The President, Professor J. F. Thorpe, responding, thanked 
Lord Chelmsford on behalf of the Society for the way in which he 
had proposed the toast. The Fellows knew Lord Chelmsford as 
a great viceroy and a great statesman, but he was probably best 
knowm to them in his capacity as Chairman of the Miners’ Welfare 
Committee, to which he had referred. 

The Miners’ WeKare Committee dealt not only with the improve- 
ment of the social conditions of the mine workers, but expended a 
large sum yearly on the prosecution of research into safety con- 
ditions in mines. He was therefore glad to see the Chairman of the 
Safety in IVIines Research Board, Sir Edward Troup, here this 
evening. 

During recent years the Society had altered its procedure at the 
anniversary dinner. Hitherto it had been the custom for the 
retiring President, although displaced at the meetmg during the 
afternoon, to take the chair at the evening function. The custom 
had this advantage — ^that it enabled the outgoing President to 
give an account of the changes that had been effected during his 
term of office. Under the existing procedure it devolved upon the 
new President to do this, and he was glad to have the opportunity 
of assuring Fellows that all was well with the Society, and that he 
was sure that aU Fellows would agree in expressing their gratitude 
and regard to his predecessor for the able manner in which he had 
carried out the duties of his office. Financially, the Society had 
just turned a difficult corner, but it seemed as if conditions were 
now stabilised. Nevertheless, it would still be necessary for his 
successor as Treasurer to keep a watchful eye on the expenditure. 
The aim and object of the Society should be to increase its capital 
reserve, because it was only in this way that the subscription could 
be reduced. It was probably impossible to accumulate sufficient 
funds to warrant a general reduction in the subscription, but it 
was quite possible to build up a reserve fund which would enable 
the Council to lower the subscriptions of the younger Fellows, say 
for the first five years of their membership. 

A Society renewed its youth by the infusion of new blood, and 
they must see that everything was done to help the infusion of 
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that new blood, without which the Society must inevitably die of 
old age. 

SiE William Pope, in proposing the toast of International 
Chemistry,” said that they welcomed at their board many foreign 
friends. It was appropriate that the English Chemical Society 
was the first Society to drink the toast of “ International Chemistry,” 
because they were the oldest chemical society in the world, and 
during the last eighty-seven years they had seen grow up a large 
number of chemical societies all over the world ; it was a privilege 
to invite their friends from the Continent to meet them at dinner. 

They were honoured in having with them Professor Cohen, one 
of the greatest men in the chemical world, and one to whom they 
looked for many years to come to forward the interests of inter- 
national chemistry, and to join the chemical societies of the world 
together in one great brotherhood for the development of chemical 
science. They had also with them distinguished gentlemen known 
to them by repute for many years, Professor Hohnberg, from 
Stockholm, Professor Treadwell, from Switzerland, and Professor 
Wahl and Professor Komppa, from Helsingfors. 

Professor Eenst Cohen in responding said : — 

Mr. President, Ladies, and ^ntlemen, there exists a German 
adage : ‘ Steh’ frisch auf , Tu’s Maul auf, Hor' bald auf ’ ; that is, 
in plain English, * Rise briskly, open your mouth, be brief.’ I 
generally follow this most practical advice but am sorry to say 
it win impossible to do so to-night. I am invited, as you see 
on the menu, to respond to the toast of International Chemistry, 
on behalf of the Union Internationale and also the Nederlahdsche 
Chemische Vereen^ing. So I am standing before you Janus-faced. 
This implies that my toast cannot be as brief as it should be. 

“ Now there exists a very simple scheme for those who have to 
make a speech about old venerable Societies (as the Chemical 
Society is) when these are celebrating their anniversary. The 
man to whom we owe that scheme is Stephen Leacock. As you 
know, he is a Professor of Political Economy in MacGill University 
at Montreal, well known by his wit and his ‘ Discovery of England.’ 
Leacock’s model of such an anniversary speech would run as follows : 
*Mr. Chairman, Ladies, and Gentlemen, If there is one thing I 
abominate more than another, it is turning out on a cold night 
like this to eat a huge dinner of twelve courses and know that I 
have to make a speech on top of it. Ladies and Gentlemen, I 
just feel stuffed. That is the plain truth of it. By the time we 
had finished that fish I could have gone home satisfied. Honestly 
I could. That's as much as I usually eat. And by the time I 
had finished the rest of the food I felt simply waterlogged, and so 
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I do still. More than that. The knowledge that I had to make 
a speech congratulating this Society of yours on its anniversary 
has haunted me all through the meal. I am not, in plain 
truth, the ready and brilliant speaker you take me for. That is 
a pure myth. If you could see the desperate home scene that 
goes on in my family when I am working up a speech, your mind 
would be at rest on that point. I’ll go further, and be frank with 
you. How this Society has lived eighty-seven years I don’t know. 
If all your dinners are like this, Heaven help you ! I’ve only the 
vaguest idea of what this Society is, anyway, and what it does. 
I tried to get a Constitution this afternoon, but failed. . . . 

‘ It will be thirteen years before, please Heaven, you wiU celebrate 
the hundredth anniversary of this Society. I hope — ^I earnestly 
hope — ^that I shall be safely under the ground.’ 

** Now if you turn all this into the negative, it is exactly what I 
wanted to say. Not only on behalf of the International Union of 
Pure and Applied Chemistry, but also of my countrymen who 
deeply regret to be prevented from accepting your kind invitation 
to this dinner. 

"It is long ago since Shakespeare put the question, ‘ What’s in a 
name ? ’ My reply is : There may be lots in a name ! Look at 
the name of the International Union of Pure and Applied Chemistry 
I.U.P.A.C. — In this name you find condensed all the good wishes — 
and these are many — ^we bring to-night to the Chenaical Society 
on behalf of the International Union : — 

" I. means Increase of members and strength, in Imjportance and 
Influence. 

‘*U. means Unanimity, wanted for the achievement of great 
deeds. 

" P. not only means that we wish you in the future as good 
Presidenis as the retiring one, but also that we hope that the 
Society will Participate more than ever in the work of the 
International Union. 

" A. means the Actimty of this Society and its Achievements in 
Chemistry, known all over the world, but equally its Anniversary 
we are celebrating to-day. 

" C. means that we wish you Concord : Concordia res parvae 
crescunt ! But C. also means the GoUcd>oratwn with the Ladies 
in Conventions, such as we are enjoying at this very moment. 

“I request my fellow-foreign guests to drink to the health and 
future of the Chemical Society.” 

Professor Dr. Bbob A. L. Holmbebo said : — 

" Mr. President, Ladles and Gentlemen, on behalf of the Kemist- 
samfundet, Stockholm, I beg first to ts^e the opportunity of 
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assuring the Chemical Society of oiar deepest gratitude for the 
invitation to this dinner and for the kindly way in which I have 
been treated here. As , President of our Swedish Society I was 
very delighted to have this opportunity of coming here and thus 
of becoming acquainted with some of those distinguished chemists 
of whom I had read and heard so much. Then although it is 
true that chemistry is international, I nevertheless think that each 
country possesses some special characteristics, and though there 
is quantitatively a great difference between English and Swedish 
chemistry, it is easy to find many resemblances. I suppose this 
may be ascribed to that independent manner of thinking which 
the English as weU as the Swedish people have in common, and 
which, especially here in England, has given, and is giving, birth to 
so many revolutionary and epoch-making theories and discoveries. 
I could say much more to you this evening, but considering the 
short time at my disposal I will limit myself to declaring my fullest 
agreement with the sentiments so ably expressed by Professor Cohen 
and on behalf of Swedish chemistry beg you to drink with me to 
the prosperity of British chemistry.” 

Prof. W. D. Teeadwell said that he had the great privilege and 
honour to convey to the Chemical Society heartiest greetings from 
the Society Suisse de Chimie. 

He congratulated Prof. Cohen on his successful work as President 
of the International Union of Pure and Applied Chemistry and 
mentioned that the leading men in chemistry of his country were 
Convinced that a continuous contact between the national chemical 
organisations would prove more and more to be a necessity. He 
expressed the hope that the International Union, which had for its 
object the internationalisation of chemistry in all its aspects, would 
continue to carry out its important and necessary work. 

He recommended the exchange of talented students as a most 
important means for cultivating international relations, emphasising 
how important it was for young men to become acquamted with the 
chemistry of foreign countries, and mentioning ^hat a knowledge of 
languages was a great help in this connection. Concluding, he 
expressed the hope that chemistry would prove one of the means 
towards the successful cultivation of happy international rela.tions. 

Professor Wahl said how greatly the members of the Chemical 
SocietifiB in Finland, and both Professor Komppa and himself, had 
appreciated the invitation to be present at the Anniversary Meeting 
and at the Ihnner. He stated that his colleague, Professor Komppa, 
had asked him to speak for both Societies, and referred to the 
debt his countiymen owed to the work of British chemists. He 
directed particular attention to the very high level at which 
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experimental work had ever stood and still stands in England- 
An outstanding feature of British chemistry is its excellent organ- 
isation. 

He stated that the Society which he represented, the Finska 
Kemistsamfundet,” had about 200 members, and the “ Souma- 
laisten Kemistien Seura,” which Professor Komppa represented, 
100; that most of these were employed in the pulp and paper 
industries of the country, and that about 80 per cent, of the whole 
export trade of Finland consisted of pulp and paper products. 

In conclusion, Professor Wahl expressed thanks on behalf of 
Professor Komppa and himself for the hearty welcome they had 
received . 

Professor F. G. Dostnan, submitting the toast of The Guests,” 
said that in addition to eminent foreign chemists from Finland, 
Holland, and Sweden, the Society had the pleasure of -welcoming 
the IVIinisters for Switzerland and Finland. In the minds of most 
Englishmen, Switzerland was associated -with Edelweiss, mountains, 
and winter sports,- but he himself associated it with the beautiful 
cheeses which came from that country. Few Englishmen knew 
the lovely country of Finland, but he had once had the pri-vilege 
of spending a holiday on an island in the Saima Sea, and could 
never forget the sunsets in that wonderful land of trees and lakes. 
Sir Frank Dicksee, no doubt, found himself, as an artist, amongst 
strange company, but he could assure him that chemists were not 
as bad as they were painted. He could assure Sir Frank that 
chemists were simply the honest brokers between the Almighty 
and His molecules. He would not say much about the atoms, 
since he, as a chemist, felt that the Devil had had something to do 
-with the atom ; or if it were not the De-vil, then it was a syndicate 
of mathematical physicists, and that was pretty much the same 
thing. He hoped Sir Ernest Rutherford would forgive him for 
these apparently irreverent allusions. 

They welcomed, last but not least. Sir Alfred Mond, whom they 
were glad to see safe home again from his adventures in the Hear 
East. He understood, from references in the Press, that whilst 
all the fuss was going on. Sir Alfred was quietly growing bananas 
on his farm by the Sea of Galilee, He would have thought that 
oranges would do better, but no doubt it was a question of sulphate 
of ammonia. 

Sir Alfred was a man of -vision and imagination. The Universities 
were not able to produce cherjoiists fast enough to satisfy his demands. 
At present there was a splendid breeze blowing through chemical 
industry, which was largely due to Sir Alfred Mond and his mag- 
nificent lieutenants, amongst whom he was specially glad to welcome 
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Lt,-Colonel Pollitt, tlie creator of BiUingham. He would also like 
to refer to the extremely valuable work which Sir Alfred was doing 
in bringing about a closer and more intimate association between 
Labour and the Employer. The development of the chemical 
industry of Great Britain could be divided roughly into three 
periods. The first dated from about 1830, when the salt tax was 
removed, and was associated with the names of Muspratt, AUhusen, 
Gaskell, Deacon, Tennant and many others, who created the great 
heavy chemical industries of this country and ruined the amenities 
of Liverpool and the pleasant brooks of Lancashire. The second 
period dated from the eighteen-seventies, when Sir Alfred’s very 
distinguished father, Dr. Ludwig Mond, created the great Solvay- 
Mond ammonia-soda works at Winnington in Cheshire. The third 
great period began with the magnificent developments at BiUing- 
ham-on-Tees, where the firm of Brunner Mond and Company (and 
now Imperial Chemical Industries, Ltd.) had established the most 
marvellous and gigantic scientific industry that the British Empire 
had ever seen. 

The Swiss -Ministeb, in replying, said that it was always a 
source of satisfaetion for anybody to have something in common 
with great men, even if such quality is of a negative nature. In 
this mstance he could say, like Lord Chelmsford (if he was to take 
literally the words his Lordship had just used), that he knew 
nothing about chemistry. Nobody surely expected him to give a 
discourse on science m the presence of so many illustrious persons, 
for everybody knew that his activity lay in quite a different 
direction. The only contact he could possibly have with chemistry 
would he the occasional drafting of a diplomatic note or protest 
agaiiist the traffic of illicit drugs, or the use of poisonous gas in 
warfare. 

Li responding he would have to be content to express thanks 
on behalf of those whose chemical experience and observation were 
confined to the daily use of instruments originally the result of 
researches of great* chemists; but as far as those guests were 
concerned, who were themselves pillars of art and science, he must 
leave it to such distinguished speakers as Sir Frank Dicksee and 
SiE Alfred Mond to take charge of them in a manner worthy of 
thdr merits. 

Sir Fbabk Dxcesee said that if he found himself in strange 
company, it was strange only in that it was seldom so pleasant. 
He bad to reply not only for himself, but also for the ladies, and 
he somewhat regretted that one of the ladies present had not been 
invited to make one of the responses to the toast of the guests. 
Among other achieveinents he supposed that it was due to the 
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chemists that the silkwonn had been outvied in its own product, 
and that an industry had been thus created which was more suc- 
cessful in this country than in any other. That industry might be 
the means of enabling them to pay their income tax ; it might fill 
the empty ships to take this artificial silk to the distant parts of 
the world, and perhaps the shipping industry might revive as a 
consequence. So the fertile chemist had outdone the silkworm on 
its own ground, and had given employment to the people and 
wealth to the nation. 

Sir Alfred MoihD recalled that at the annual dinner in 1891 it 
was a matter of interest that a very distinguished statesman, who 
was also a considerable scientist, the late Marquis of Salisbury, 
made an interesting speech in which he suggested that there was 
no need for the world to go to ChiU for its fertilisers, and that they 
could be got from the air. That prophecy had been fulfilled, and 
it was possible to obtain nitrogen from the air to-day. In the last 
few months he had been carrying out an investigation on the soil 
conditions in the Near East, and the need for nitrogen was apparent. 
The production of the world could be developed immensely by the 
co-operation of the chemist and the engineer, as had been combined 
so ably in this country in the works established at Billingham. 
Some of the problems that had haunted Malthus, the growth of the 
population and many of the speculations as to how the world was 
going to feed its people, would be temporarily solved by artificial 
chemical fertilisers. The future held no terror if they were able to 
produce cellulose, sugar, and other foods for themselves, and in 
another fifty years’ time, and even sooner, synthetic food might be 
made, and with the action of soil nitration and soil bacteria it would 
be unnecessary to use the labours of the husbandman. He had 
seen these things on a small scale in the laboratory. He had seen 
synthetic vitamins, and soon it would be possible to synthesise all 
the food supplies we wanted, and we need be frightened no longer 
in war or peace that we would be starved out in isolation, but we 
would be able to support ouraelves so long as we put up a few 
more factories. He was certain we could produce an infinite 
variety of flavours and more colours. 

There w^ere also a number of applications of the science of 
chemistry to the needs of the ladies. What would the colour of 
the lips of the female sex be to-day if it had not been for the per- 
petual thought of great scientists upon the consideration of what 
new shades of lip-stick they should have 1 There would not be 
any use for artificial silk if it could not be dyed. They had lli^vis, 
a new shade, which would charm them in clothes that were coming 
to them to tba near futwe, The monotonous, colour of men’s dre^a 
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would not keep going a single chemical factory. The ladies owed 
much to chemists, and chemists much more to them. If there 
were no women in the world, there would be no dye industry. 

The chemical industiy, through the Chemical Society, should be 
one of the civilising influences throughout the world. 

Sir Ebkest Rittherfobd, who spoke at the request of the 
President, said that in reading the history of chemistry he was 
impressed by the incredible industry of chemists throughout the 
ages, and one result of the enormous work of the chemists had 
been to produce the present civilisation. At the same time, he 
wondered whether the chemist would not have accomplished more 
if he had worked less and thought more. Chemists to-day were 
not trying sufficiently to understand the compounds they were 
making, and he thought that the chemists of the future would be 
superior to those of the past. He looked forward with the greatest 
hope that the slight line dividing physics and chemistry would 
disappear in the next decade and the two would become one great 
subject. 


Ordinary Scientific Meeting, Thursday, March 29th, 1928, at 
8 p.m., Professor J. P. Thokpe, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 

The Peesidekt referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

Byron B, Goldsmith May 16th, 1889. Sept. 8th, 1927. 

Mysore G. Srinivasa Bao Feb. 17th, 1927. Jan. 16th, 1928. 

The Peesideot announced that : 

1. The Council, at its meeting held that afternoon, had considered 
the advisability of altering the hour at which the Ordinary Scientific 
Meetings are held, and had decided that, as an experiment, the 
meetings arranged for May 3rd and 17th and June 7th and 21st, 
1928, should be held at 5.30 p.m. instead of at 8 p.m. 

2. The following Committees for 1928-1929 had been appointed 
by the Council : 

Finance Committee : J. L. Baker, F. P. Dunn, C. A. Hill, 6. T. 
Moody, J. C. Philip, B. H. Pickard, W. P. Wynne, and the Officers 
(Treasurer as Chairman), with the Assistant Secretary as Secretary. 

House Committee : J. L. Baker, Sir Herbert Jackson, Sir William 
J. Pope, Sir Robert Robertson, Alexander Scott, J. M. Thomson, 
and the Officers, with the Assistant Secretary as Secretary. 

Library Committee : T. A. Henry, J. R. Partington (Chairman), 
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Alexander Scott, N. V. Sidgwick, S. W. Smith, J- F. Spencer, and 
the Officers, together with representatives of contributing Societies, 
with the Librarian as Secretary. 

Publication Committee : M. P. Applebey, H. Bassett, H. V. A. 
Briscoe, W. M. Gumming, H. W. Dudley, IT. R. Evans, J. J. Fox, 
R. Whytlaw Gray, A. J. Greenaway, T. A. Henry, C. K. Ingold, 
J. Kenyon, H. Bang, G. T. Morgan, K. J. P. Orton, J. R. Parting- 
ton, J. G. Philip, F. L. Pyman, E. K. Rideal, R. Robinson, K. V. 
Sidgwick (Chairman), J. L. Simonsen, S. Sugden, and the Officers, 
with the Editor as Secretary. 

Research Fund Committee : A. J. Allmand, E. C. C. Baly, F. E. 
Francis, W. N. Haworth, C. K. Ingold, A. Lapw’orth, W. H. Mills, 
Sir Robert Robertson, N. V. Sidgwick, Sir James Walker, and the 
Officers, with the Assistant Secretary as Secretary. 

3. Replicas of the Emil Fischer and the Carl Graebe Medals had 
been presented to the Society by Dr. Otto Rosenheim. 

4. The following Address of Congratulation had been sealed and 
will be presented to the Sociedad Espanola de Fisica y Quimica 
on the occasion of the Silver Jubilee Celebrations of its foundation 
to be held in Madrid from April 9th to 15th, 1928. The Society 
will be represented at the functions by the President. 

The Chemical Society 
to the 

Sociedad Espanola de Fisica y Quimica. 

We, the President and Fellows of the Chemical Society, offer to 
you, the President and Members of the Sociedad Espanola de Fisica 
y Quimica, our sincere congratulations on the occasion of the Silver 
Jubilee of the foundation of your Society. 

Twenty-five years have now elapsed since the first meeting of 
your Society was held, on the twenly-third day of March, 1903, 
under the Presidency of the distinguished Engineer, Don Jose 
Echegaray. During that period the published annals of the 
Sociedad Espanola de Fisica y Quimica have appeared year by 
year, and bear witness to the continuous development of scientific 
research in your country. Your land is the mother of the great 
Spanish family of nations, the leader and the fons et origo of that 
noble and dignified Spa n ish culture which is destined in the future, 
as in the past, to transmit to the nations of the world the great 
civilisation of Rome. With that ancient tradition you combine 
such an active and successful participation in the scientific research 
work of the modern world that with your resources an era of great 
happiness and prosperity lies before you — ^an era in which the 
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scientific work and influence of tlie Sociedad Espanola de Fisica y 
Quiinica will be of the greatest importance. Semper sit in fiore I 
Signed on behalf of the Chemical Society, 



JooEnra Thobpe, PresHevi, 
T. Seatee Peioe, Treamrer. 
G. S. Gibsona 


T. S. Moose, j 

F. G. Donkae, 


Secretaries. 
Foreiph Becreiary. 


Sealed in Council this Twenty-ninth day of March, One Thousand 
Nine Hundred and Twenty-eight. 


The following were formally admitted Fellows of the Chemical 
Society : A. H. Bickins, T. ]\Iitchell, W. E. Hugh, H. D. Satchell, 
R. Bowsher, and C. W. Holman. 

Certificates were read for the first time in favour of : 


Thomas Ballantj-ne Clerk, B.Sc., ill/112, Hatton Garden, E.C. 1. 

Bertram Lionel Nicol, M.A., 40, Lawn Hoad, Exmouth. 

John Poinier Bogers, 70, Warren Avenue, Nottingham. 

Leonard Alfred Sayce, M.Sc., Ph.D., A.I.G,, 5, Toward Terrace, Sunderland. 

The following Certificate has been authorised by the Council 
for presentation to ballot under Bye-Law I (2) in favour of : 

Peter Mar, M.A., M.Sc., 296, Ellen Street, Winnipeg, Canada. 

The following papers were read : 

“ The chemistry of the three-carbon system. Part XVTE. a-cycZo- 
Hexylideneacetone and -methylethyl ketone.” By A. H. 
Bickins, W. E. Hugh, and G. A. R. Kon. 

“ The nitration of aromatic thiocyanates and selenocyanates.” By 
F, Challengeb and A. T. Petebs. 

Effects induced by the phenyl group. Part I. The addition of 
polar reagents to styrene and the behaviour of the halogenated 
ethylbenzenes.” By F. Ashwobth and G. N. Bubkhabpt. 

“ On selenium tetrafiuoride.” By E. B. R. Pbidbaux and C. B. 

Cox. 

The laws of aromatic substitution. Part VIII.” By B. Flub- 
SOHEIM and E. L. Holmes. 


jARRHENIUS memorial lecture. 

The Arrhenius Memorial Lecture will be delivered by Sir James 
Walker^ in the Theatre of the Royal Institution, Albemarle 
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Street, W. 1 (by the courtesy of the Managers), on Thursday, May 
10th, 1928, at 5.30 p.m. 

Admission Trill be by ticket only. Each Fellow of the Society 
is entitled to two tickets, application for which should be made as 
early as possible to the Assistant Secretary, Chemical Society, 
Burlington House, W. 1. 


RESEARCH FUND COMMITTEE. 

A meeting of the Research Fund Committee will be held in June 
next. Applications for Grants, to be made on forms which can be 
obtained from the Assistant Secretary, Chemical Society, Burlington 
House, W. 1, must be received on or before Friday, June 1st, 1928. 

All persons who received grants in June, 1927, or in June of any 
previous year, whose accounts have not been declared closed by 
the Council, are reminded that reports must be returned by June 1st. 


list of Papers, or Abstracts thereof, received between March 
15th and March 29th, 1928. (This List does not include the titles 
of papers which have been read at an Ordinary Scientific Meeting, 
or which have appeared in the Journal.) 

“ The action of phosphorus pentachloride on homophthalic acid.” 
By W. Davies and H. G. Poole. 

*‘Acid and salt effects in catalysed reactions. Part XIV. The 
influence of inert salts on the catalytic catenary for acetic 
acid-acetate mixtures.” By H. M. Dawson and A. Key. 

“ The inhibition of esterification by pyridine.” By K. C. Bailey. 
“ The interaction of benzoyl chloride and diazomethane together 
with a discussion of the reactions of the diazenes.” By W. 
Beadley and R. Robinson. 

‘‘Mobile hydrogen tautomeiism analogous to the Wagner-Meer- 
wein re-arrangement. Part 11. The tautomerism of l-(5)- 
hydroxy-2 : 2 : 3 : 3-tetramethylcyctopentan-5-(l)-pne and its 
derivatives.” By C. W. Shoppee. 

“The nature of the alternating effect in carbon chains. Part 
XXVI. The mechanism of aromatic side-chain substitution.” 
By G. K. Ingold and E. Rothstein. 

“ The mechanism of the degradation of fatty acids by mould fungi. 
Part n.” By P. D. Coppoce:, V. Subbamaniam, and T. K. 
Walkee. 
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"" The complex salts of p-methyltrimethylenediamine with bivalent 
platinum.” By F. G. Mann. 

‘‘ Mobile anion tautomerism. Part 11. A complementary study 
of the mechanism of anionotropic change -with special reference 
to the fate of the mobile anion.” By H. Burton. 

The occurrence of titanium tetrachloride in commercial disilicon 
hexachloride.” By F. S. Kipping and R. A. Thompson. 

Organic derivatives of silicon. Part XXXVI. Highly complex 
condensation products of diphenyl- and di-^-tolyl-silicanediol. 
Fission of the Si-Ph link.” By F.. S. Ejpping and A. G. 
Murray. 

Organic derivatives of silicon. Part XXXVII. The production 
of tetrabenaylsilicane oxide and other products by the action 
of sodium on dibenzylsilicon dichloride.” By A. R. Steele 
and F. S. Kipping. 

** Experiments on the synthesis of anthocyanins. Part IV. The 
constitution of o-benzoylphloroglucinaldeh 3 ’'de.” By A. 
Robertson, R. Robinson, and A. M. Struthers. 

** Experiments on the synthesis of anthocyanins. Part V. A 
synthesis of 3-P-glucosidylpelargonidin chloride, which is 
believed to be identical with callistephin chloride.” By A. 
Robertson and R. Robinson, 

“ The phosphorescent flame of sulphur,” By H, J. Emel^sus. 

“ The catalytic oxidation of nitro- and halogeno-derivatives of 
toluene by means of air.” By E. B. Maxted and A. N. 
Dunsby. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC METING ON THURSDAY, MAY 3rd, 1928. 

Ba2!^iui, Bambsh Chandba, Sainyer Gate, Jhansi, U.P. (India). Indian, 
Teaclung. M.Se. (Chemistry, First division). University of Allahabad, I 
have been teaching in the Government Inter. College, Jhansi, since 1922, 
and have been carrying on research work on the action of suhhght on some 
chemical changes, have submitted papers in some meetings of the Indian 
Science Congress, and in the Zeitsehrift fur anorganische und aUgemeine 
Chemie in Germany. (Signed by) N. R. Dhar, K. P. Chatterjee, NT. G. Ghatterji. 

Bab&att, Auebed Bhnbst, White Hotise, Hawthorn Drive, Evington, 
Iieicester. British. Brewer. I am interested in general and applied 
chemistry and would like to have the advantage of having the Journal. 
(Sign^ by) Chas. Geo. Matthews, S. F. Burford, F. C. Bullock, 

Basu, Subhib Chanbra, 21, Cromwell Road, South Kensington, London, 
S.W. 7- Hindu (Indian). Student of City and GuUds Engineering College. 
M.Sc. (Tech.), Calcutta University (Applied Chemistry). Worked in the 
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anal 3 rtieal department of the University College of Science, University of 
Calcutta. (Signed by) E. H. Farmer, M. Qudrati-Khuda, R. F. Hunter. 

Bryaks, Frank, 14, Church St., Pendlebury, Manchester. English. 
Chemist. B.Sc. (Tech.), M.Se. (Tech.), Manchester. British Dyestuffs 
Corporation, 1921-22. 2^ Years’ research experience. College of Technology, 
Manchester. “ Eleetrol 3 rtic Reduction of Vat Dyes,” Chemistry and IndtLSiry, 
Aug. 10, 1927. Present position : Chemist, British Dyestuffs Corp., Ltd. 
(Signed by) J. Kenner, F. A. Mason, John K. Wood. 

Buckianb, Henry Scott, Jesus College, Cambridge. British. Student. 
Being desirous to avail myself of the advantages of Fellowship of the Chemical 
Society. (Signed by) W. J. Pope, F. Gowland Hopkins, W. H. Mills. 

Clarke, Bertrand Stockdale, Abbeville, 62, Algers Road, Loughton, 
Essex. British. Chief Pharmacist, Royal London Ophthalmio Hospital 
Dispensary, City Road, E.C. 1. Member of the Pharmaceutical Society 
(obtained at 17, Bloomsbury Square, W.G. 1).- Lecturer in Chemistry and 
Pharmacy to Medical School, Royal London Ophthalmic Hospital, City 
Road, E.C, 1. Paper in preparation to be given on April 11, 1928, to 
Student Associates of the Pharmaceutical Society (Sheffield Branch). (Signed 
by) Ernest T. Keathercoat, W. A. Berry, V. H. Legg. 

Fraser, Julian Paul, c/o The Burmah Oil Co., Ltd., Syriam, Burma. 
British Subject. Chemist, Research Dept., The Burmah Oil Co. Inventor 
of process for extraction of aromatics and unsaturatads from mineral oils 
(Eng. Pat. 273,351), adopted by the Burmah Oil Co. Inventor of process 
for manufacturing Uthopone without use of ZnS 04 (Indian Pat. 1919). 
Process being worked in India. (Signed by) D. H. Peacock, M. Maung, 
M. G. Them Kin. 

Glassfool, Frederick Frank, Victoria College, Bath, Somerset. English. 
Senior Science Master, Victoria College, Bath. B.Sc. (Lend.). Senior 
Science Master (Chemistry, Ph 3 ^ics, Botcuiy), Victoria College, Bath, since 
1924. Student at University College, Southampton, of Chemistry for London 
University B.Sc. Degree. (Signed by) D, R. Boyd, D. V. N. Hardy, H. H. 
Hatt, A. E. Clarence Smith. 

Griffiths, John Gaius Ash well. Gable Beeush, Coppice Avenue, Great 
Shelford, Cambridge. English. Research Student. B.A.^ Cambridge, June 
1927. A.I.C., October 1927. Research Student at Cambridge University 
Physical Chemical Laboratory since July 1927, (Signed by) T. M. Lowry, 
Eric K. Rideal, R. G. W. Norrish. 

Ivins, Donald Vernon, No. 208 (A.C.) Squadron, Royal Air Force, Egypt. 
British. R.A.F. officer and pilot. Past full-time student of Industrial 
Chemistry. (Signed by) Harry W. Webb, Ernest AJ Rudge, W. J. Jones. 

Kellett, Alice Corfield, Briarfield, 103, Claremont Road, Pendleton, 
Manchester. English. Student of University of London, taking the course 
for the London Trades*^ Diploma. B.Sc. (Chemistry Honours), at Manchester 
University, June 1927. Training to become a Chemistry Mistress in a High 
School. (Signed byy Arthur Lapworth, R. Robinson, Frederick Challenger, 
Arnold T. Peters. 

Liang, Ckuan-Ling, 17, West Compound, Tsing Hua University, Peking, 
China. Chinese. Teacher. B,A., University of Wisconsin (1917). M.Se,, 
University of Chicago (1918). Teacher of Inorganic Chem. in Pe king Academy 
(1919-22). Lecturer of Inorganic Chem. in Tsing Hua University (1922-27). 
(Signed by) John K. Wood, Arthur M. Morley, Thomas Kennedy Walker. 

Lucas, Charles Edward Leslie, 27, Park Hill , Ealing, W. 5. British. 
Chemist. Associate of the Institute of Chemistry. Azial 3 rtic€kL Chemist 
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and Assistant to Works ]tlanager, John Bell» Hills, & Lucas, Ltd., Manufactur- 
ing Chemists and Druggists, from 1922 to present date. {Signed hy) H. B. 
Baker, James 0. Philip, J. Stuart Hills. 

Moon, Spencbb Gcaube Gascoijse, “Medway,” Amiens St., Gladesville, 
H.S.W., Australia. British Subject. Anal3rtiGal Chemist. Studied chemistry 
for 3 years at Sydney Technical High School, passing Intermediate Exam, 
with “ A’s ” in Chemistry and Physics. Five years pupil and later Assistemt 
Anal 3 ^t in laboratory of W. M. Hamlet, Sydney (late Government Analyst for 
32 years, formerly a Fellow of Chemical Society). {Signed hy) W. M, Doherty, 
C. E. Fawsitt, Thomas Iredale, Francis Lions. 

Moose, Edwabb William Jambs, 307, Blackburn Road, Haslingden, 
Rossendale, Lancashire. English. Science Master. B.Se., London. Hons, 
in Chemistry, 1910. A.I.C., 1918. Science Master, Haslingden Secondary 
School. {Signed hy) E. C. O. Baly, T. P. Hilditch, C. Edward Sage. 

MTTXXtN, Chables Earl, Clemson College, Box 157, Clemson College P.O., 
South Carolina, U.S.A. American. Professor of Textile Chemistry and 
Dyeing. M.Sc. (Natl.). Fellow Amer. Inst, of Chem. Fellow Textile Inst. 
(England). “ Acetate Silk and its Dyes ” (book, 1927) ; on staff of “ Chemical 
Abstracts” about 8 years; Yearb^k Amer. Pharmaceutical Assn., 1924, 
see p. 1; many papers upon “Wool” and related subjects since 1925 in 
American Dyestuff Reporter; see index of “ Chemical Abstracts ” for references 
to numerous papers in the literature since about 1924. Book on “ Constitution 
of Wool ” now in preparation. {Signed by) Albert Parsons Sachs, Austin M. 
Patterson, James Kendall. 

Owen, Gltn, Dalton Hall, Victoria Park, Manchester. British. Univer- 
sity Assistant Lecturer. B.Sc., Ist Class Hons. Chem. (Wales). M.Sc. 
(Wales). Late Fellow of the Hniversity of Wales. J.O.S., 1923, 123, 3392 ; 1924, 
125, 766 (joint publication with Prof. K. J. P. Orton, F.R.S.); 1926, 126, 
606 (joint publication with Prof. T. M. Lowry, F.R.S.). {Signed hy) Kennedy 
Orton, H. B. Watson, F. G. Soper. 

Patton, Geobge Wilson, 36, Arlington Street, Anlaby Road, Hull. 
British- Works Chemist. B.Sc., I-eeds. Four years chemistry student at 
Leeds University. Now Chemical Assistant with Appleby Iron Co., Ltd., 
Scunthorpe, Lines. Wish to join Society because of the privileges and value 
of the literature. {Signed hy) Frederick William Richardson, Adolph JafE^, 
H. M. Dawson, M. S. Burr. . 

Pbolups, Ralph Oliveb, 1a, North Gate, Regent’s Park, London, N.W. 8 
(business address, Forestal Central Laboratories, Harpenden, Herts.). 
American. Chief Chemist, Forestal Land, Timber, & Railways Co., Ltd. 
B-Sc., M.Sc., Tufts College, Massachusetts, U.S.A. Instructor, Analytical 
Chemistiy, Tufts College, 1915-16; Chemist, Pittsburgh Plate Glass Co., 
Boston ; Chemist, Picatinny Arsenal, N. J. ; Chief Inspector smokeless powder 
and high explosives plant, Pioatiimy Arronal, NJ".; Instructor in charge 
U.S. Army School for Inspectors of Powder and Explosives; Assistant 
Inspector of Powder and Explosives, U.S. Navy; Chemist and Development 
Engineer, The Barrett Co., New York; Chief Chemist, The Tannin Corpor- 
ation, New York; Technical Consultant, The Forestal Land, Timber, & Rail- 
ways Co., Ltd., London and Buenos Aires, The Natal Tanning Extract Co., 
Natal, S. Africa. Have written several articles which have appeared in 
Joumei oj the Ammcan Leather Chemists' Assoekawn, Journal of ChemUsed 
and M^aUurgieal JSngme&ing, etc. {Signed hy) Andrew Turnbull, M. C. 
Iamb, F. M. Rowe. 

Rae, Alec, The Trees, Thingwali Road, Wavertree, Liverpool. British. 
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Pharmacist. Pharmaceutical Society’s Qualifying Exajnination, Xiondon, 
1925. Pharmacist to the Liverpool Hospital for Consumption. I wish to 
receive the Chemical Society’s Journals and have the use of the Library. 
{Signed by) Prosper H. Marsden, A. 0. Abraham* H. Humphreys Jones. 

Bamaswash, Vaidyanathieb, IS, Luxemburg Gardens, Hammersmith, 
W. 6. British (Indian). Student. M.Sc. (Allahabad), 1st Class. Post- 
graduate research student at the Imperial College of Science, South 
Kensington. (Signed by) James C. Philip, H. J. T. Ellingham, M. K. Maitra, 
Jacob D. Cohen. 

Bao, Dbvanahaixi B^bishna, c/o The Commonwealth Trust, Ltd. (Late 
Basel Mission Industrials), Calicut, P.O., Malabar, S. India. Edndu. 
Chemist and Textile Colourist. B.Sc., Mysore University, Central College, 
Bangalore. Lecturer in Chemistry in the Government Collegiate High 
School, Bangalore (1921-22). M 3 ^ore Government Technical Scholar; 
Textile Colourist and Chemist to Messrs. The Commonwealth Trust, Ltd., 
Calicut, Malabar, South India, and in charge of their Dyeing and Bleaching 
and Soap Works and Laboratory since 1924. Senior member of the Society 
of Dyers and Colourists, London. (Signed by) V. G. Nair, A. Kesava Menon, 
V. M. Maecarenhas. 

Bighardson, DoBAXm Hexby, 4, The Crossways, Onslow Village, Guild- 
ford. British. University Lecturer. Ph.D., M.Sc. (London). A.I.C. 
Senior Lecturer in Chemistry, Northern Polytechnic, London. Becognised 
teacher in the University of London. J.C.S., 1926, 129, 622. (Signed by) 
H. J. S. King, T. J. Drakeley, G. J. Avey. 

Seshadbi, Tiruvenkata Bajendra, Ohemiccd Department, University, 
Manchester. Indian. Besearch Student. M.A. (Chemistry) of the Univer- 
sity of Madras, India. I have been engaged in chemical research for the past 
5 years. Three of my papers have been published in the J mimal of the Indian 
Chemical Society and one will soon appear in the Joumod of ike Chemical 
Society- A paper on “ The Activity of the Double Bond in Ooumarins emd 
Belated a-^-Unsaturated Carbonyl Compounds ** will soon be published. 
(Signed by) John K, Wood, J. D. Fulton, W. Bradley, Z- Kitasato. 

SpHiZiBR, Beginald Harvey, Stonewall, Limpsdeld, Surrey. Briti^. 
Industrial Chemist (Imperial Chemical Industries, Ltd.). Assooiate Boyal 
College of Science (A.B.C.S.). Associate Institute of Chemistry (A.I.O.). 
Diploma of Membership of the Imperial College (D.I.C.). Three years’ 
research (1924-27) at the Boyal College of Science, the results of which 
it is hoped will be published at once. (Signed by) H. B. Baker, Jocelyn 
Thorpe, James 0. Philip, M. A. Whiteley. 

TmGUE , Alfred, Department of National Bevenue, Ottawa, Canada. 
British. Chemist. B.Sc. (Aberdeen). B.Sc. (London). Ph.D. (Univ. of 
Pennsylvania). A variety of publications in Joum- Soc- Chem- IncLj Amer- 
Ckem. Joum., Joum. Amer. Cheni- Soc,^ Fuel, and Eng. Chem.^ Science, Trans. 
Moy. SoQ. Canada, Amer. Joum. Fharm., etc., from 1897 to date. Trans., 
1897, 1138-1148 (with F, B. Japp, F.R.S.). (Signed by) F. G. Wait, Alfred 
E. Macintyre, Frank T. Shutt, 

Warren, Leonard Arthur, 16, Bourne Hill, Palmers’ Green, London, 
N. 13. English. Besearch Student. B.Sc. (London) (not o£&cially recog- 
nised till next year). I am engaged on my first year’s research work (inorganic 
chemistry) at King’s College, London, where I studied for the degree, and 
where I hold the position of Layton Besearch Student. (Signed by) Samuel 
Smiles, E. W. Mcdeliand, W. B. Price. 

Waters, Boy Basil, 124, Kingsland Boad, Plaistow, E. 13. English. 
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Student. In order to keep abreast of contemporary work in pure chemistry. 
[Signed by) J, R. Partington, E. Roberts, E. E. Turner. 

Webb, Walter Westox, Fairmead Cottage, Spring Grove, Loughton, 
Essex. British bom Subject. Chemist. Ph.D. (London). B.Sc. (London). 
A.I.C. Company Chemist, Cellactite Works, Ltd., Higham, Kent. Pub- 
lished work, in collaboration with Prof. A. J. Allmand, see “ The Photolysis 
of Soda Hypochlorite Solutions,” Zeitsch. Phya. Chem,, 131, 3/4, 189. (Signed 
by) A. J. Allmand, Samuel Smiles, E. W. McClelland, L. G. F. Dolley. 

Whiteley, WnjJAM Leonard, 87, St. Mark’s Road, Mitcham, Surrey. 
British, Schoolmaster. B.Sc. (London), 1st Class Hons. Chemistry. 
Teacher of Chemistry in Secondary Schools since 1915. (Signed by) P. C. 
Austin, R. T. Shepherd, Gerald Druce. 

Wilson, Richard Llewelyn, Gorphwysfa, Caersws, Montgomeryshire. 
British. Research Chemist. B.Sc. (Wales), Hons, in Chemistry, 1923. 
M.Sc. (Wales), 1925. Thesis on “ The Vapour Pressures of Aqueous Solutions 
of Hydrofluoric Acid.” Holding the position of Chief Research Chemist and 
Head of the Research Laboratory of The Phoenix Oil & Transport Co., Ltd., 
in Roumania since 1926. (Signed by) T. Campbell James, L. J. Hudleston, 
C. R. Bury, C. W. Davies. 

WiNTBRTON, Reginald Joseph, 30, Austin Street, King’s Lynn, Korfolk. 
English. Student at East London College. In order to keep up with the 
latest work in chemistry. (Signed by) J. R. Partington, E, Roberts, E. E. 
Turner. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 

Chi, Ycoh Fong, Sterling Chemical Laboratory, Yale University, New 
Haven, Connecticut, U.S.A. Chinese. Graduate Student of the Department 
of Chemistry at Yale University'. B.S. (Shanghai College, 1921). M.S. 
(University of Chicago, 1922). Prof, of Chemistry*- at National Wuchang 
University, Wuchang, China, in 1923-26. Lecture Assistant in the Depart- 
ment of Chemistry^ at University of Chicago in 1922-23. (Signed by) Richard 
H. F. Manske. 

Hardy, Frederick, Windyridge, Curepe, Trinidad, B.WJ. English 
Professor of Chemistry and Soil Science. M.A. (Cambridge). Dip. Agric. 
Parts I and 11 (Cambridge). Soil papers in J. Agric, ScL, XI, 1921, 1 ; XITE, 
1923, 243, 340, 355; XV, 1925, 420, 434; XVI, 1926, 616. In Sail Sciejice, 
XXIV, 1927, 71. In J. Phys. Chem., XXX, 1926, 254. Chemical papers in 
LE,G. XVn, 1925, 48, 1283. In Bioch, J., XVIH, 1924, 283. In J.S,C.I.> 
XLIV, 1925, 305t. (Signed by) James P. Ogilvie. 

Haddon, Edward Charles, Medical Research Laboratories, Entebbe, 
Uganda, Africa. English. Research Assistant. Matriculated, London 1920. 
Assistant and Student, Clinical Research Association, London 1908-15. 
Chemic£ti Assistant, Military Service, B.A.M.C., France and Italy, 1915-18. 
Assistant, Clinical Research Assoc., 1919-20. Biochemical Research Assistant. 
Uganda Medical Service, 1920 to date. Two papers, “ Apparatus for Con- 
tinual Bacterial Growth” and ‘‘Observations on the Biochemistry of B, 
abortm and mditensis,^^ Roy, Soc. of Trop. Med, and Hyg., 1927. (Signed by) 
F. Mollwo Perkin, A. Prideaux Davson. 
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ADDITIONS TO THE LIBRARY. 

I. Donations. 

Aitstbalia, CoMMONWEAiiTH OB’. CouhcU /or Scientijic and 
Industrial ResemcJi, Journal. Vol. I, etc. Melbourne 1927 +. 
{Reference,) From the Council. 

Dysobt, George IVlAiiCOLM, The chemistry of chemotherapy. 
London 1928. pp. 272. 325. M, net. {Reed, 12/4/28.) 

From the Publishers : Messrs. Bmest Bonn. 
IVIatthis, Alfred R. Insulating varnishes in electroteohnics. 
Translated by Ada Russell. Manchester [n.d.]. pp. 283. ill. 
{Reed, 23/3/28.) From Messrs. Attwater & Sons, 

National Benzole Association and Unwersity of Leeds. 
Joird Benzole Research Committee, Fifth report. London 1928. 
pp. iv + 238. ill. {Refereruye,) 

From the National Benzole Association. 
Sexagint, The. Being a collection of papers dedicated to 
Professor YuKicra Osaka by his pupils in celebration of his six- 
tieth birthday. Kyoto 1927. pp. iv + 300. ill. {Reference,) 

IVom Kyoto S^agaku Gakushi-Kwai. 
SuoMALAiSEN Tcbdeakatemian Toimepuksia. Annales 
Academia Scientiarum FennicaB. Series A. Yol. SXIX. [Gustaf 
Komppa. Juhiajulkaisu 60-Vuotispaivaksi.] Helsinka 1927. 
{Reference,) From Professor Komppa. 

United States. Department of Commerce. Bureau of Standards. 
CSrcuiar No. 346. [Supersedes Circular No. 76.] light metals and 
aUoys — ^aluminium, magnesium, Washington 1927. pp. iv + 404. 
ill. {Refeirerm.) $1.10. From the Director. 


n. By Purchase, 

Avicenna. De Congelatione et Conglutinatione Lapidum. Being 
sections of the Kitab-al-Shifa\ The Latin and Arabic texts 
edited with an English translation of the latter and with critical 
notes by Eric John Holmyard and D. C. Mandeville. Paris 
1927. pp. x+86. (Seed. 23/3/28.) 
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Baxjen tod Wirtschaft. Beilage der Tonindustrie Zeitung. 
Vol. I, etc. Berlin 1928 +. {Reference.) 

Bbtoswig, H. See Escales, Richard. 

OoiioiD Symposium Monograph. Papers presented at the 
fifth National Symposinin on Colloid Chemistry. New York 1928. 
pp. 394. ill. 21s. net. {Reed. 29/3/28.) 

CoxjRTOT, Charles. Le magnesium en chimie organique. 
Nancy 1926. pp. vi ,+ 352. 40 /r. (Reed. 214:128.) 

Escales, Richard. Die Explosivstoffe. Heft VIII. Das 
ranchlose Pulver. By H. Brunswig. Berlin 1926. pp. xii + 499. 
iU. M. 24. {Reed. 21 13 128.) 

Fosse, Richard. L’ur^e. (Recherches de chimie anal 3 d}ique, 
biologique et agricoie). Les fonctions dinaphtop 3 rTanoi, xanthydrol 
et sel de pyryle. Paris 1928. pp. xii + 304. 50 fr. (Reed. 
28/3/28.) 

Fimnd, John Newton. [Editor.] A text-book of inorganic 
chemistry. Vol. X. The metal-ammines. By Margaret Millen 
Jeffs Sutherland. London 1928. pp xxviii + 260. 18s. net. 
(Two copies.) 

Lassibur, Arnold, filectroanalyse rapide. Paris 1927. pp. 
viii+206, ill. 20 /r. (Eecd. 28/3/28.) 

MtiLLER, Robert. Der Aufbau der chemischen Verbindungen 
(Molekiilbau). (Sammlung, Vol. XXX.) Stuttgart 1928. 

Rawdon, Henry S. Protective metallic coatings. New York 
1928. pp. 278, m. 23s. net. (Reed. 17/3/28.) 

^ Unna, P. 6. Histochemie der Haut. Leipzig 1928. pp. 
vi + 163. m. M. 20. (Reed. 20/3/28.) 

Weckb, Friedrich. Handbuch der Zementliteratur. Char- 
lottenburg 1927. pp. xxiv + 1447. (Refererice.) M. 44. 

Weigel, William IVIelvin. Technology and uses of silica and 
sand. (U.S. Bureau of Mines. BuUetih 266.) Washington 1927. 
pp, vi + 204. ill. 2s. dd. net, (Reed. 11/4/28.) 

in. Pamphlets. 

Australia, Commonwealth of. Council for Scientific and 
IndvMricd Research. Pamphlet No. 6. Standard methods of dry- 
ir^ sultana grapes in Australia. By A. V. Lyon. Melbourne 1928. 

pp. 16. 

Clarke, Frank Wigglesworth. Biographical memoir of 
William Francis Hiilebrand 1853 — 1925. (From the Biographical 
Mem. Nat. Acad. Sci., 1928, 12.) 

Flight, W. S. Phenol-formaldehyde products in the electrical 
industry. Preston [n.d,]. pp. 17. 

The effect of heat on the electric strength of some com- 
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mercial insulating materials. (Erom the J. Inst, Electrical 
1922, 60.) 

Hillebeand, Wiltjam Fka3?cis. See CJlaeke, Eeank Wiggles- 

WOETH. 

II^Lenes Depabtment. Safety in Mines Research Board, Paper 
No. 41. Wire ropes for mines : some notes regarding their manu- 
facture and use. London 1928. pp. 76. ill. 

Pictet, Ame. Jubile. Aula de TUniversite, 26 Novembre 
1927. Geneve 1927. pp. 76. ill. 

Scientific and Inditstbial Research, Department of. Forest 
Products Research. Special Report No. 2. The principles of 
kiln-seasoning of timber. Part I. Types of commercial kilns in 
use. By S. T. C. Stillwell. London 1928. pp. iv + 11. ill. 

Fuel Research, Technical Paper No. 18. The reactivity 

of coke. I. — Standardised method for the determination of com- 
parative values. By John Hjeney Jones, James Gbibvb King, 
and Erank Sturdy Sinnatt. London 1927. pp. vi 4* 32. ill. 

Technical Paper No. 19. The “ unsaturated hydro- 
carbons ” in the gases from the carbonisation of coal. By 
Alexander Bernard Manning, James Grieve Ejng, and Frank 
Sturdy Sinnatt. London 1928. pp. iv + 19. ill. 

Physical and chemical survey of the national coal 

resources. No. 10. The Lancashire coalfield : the Wigan four-feet 
seam. London 1927. pp. viii 4- 60. ill. 

Shepherd, B. S., and Merwin, Herbert Eugene. Gases of the 
Mt. Pel4e lavas of 1902. (From the J, Geology^ 1927, 35.) 

SmoNSEN, John Lionel. Presidential address. (From the 
Proc. \Uh Indian Science Congress^ 1928.) pp. 19. 

Tanaka, Yoshio, and Kuwata, Tsutomu. On preparation of 
lead tetraethyl. (From the Rep. Aeronautical Research Inst., Tokyo 
Imp. Vniv., 1927, 2.) 

Tattersfibld, Frederick, and Gehengham, Conrad Theodore. 
Studies on contact insecticides. Parts V and VT. (From the Ann, 
Applied Biol., 1927, 14.) 

UisriTED States. Department of Agriculture. Department 
Circular 423. The use of the electrolytic bridge for determining 
soluble salts. By R. 0. E. Davis. Washington 1927. pp. 13. ill. 

Department of Commerce. Bureau of Standards. Circular 

No. 337. Manufacture of lime, Washington 1927. pp. 104. 01. 

Scientific Paper No. 558, An aiwdysis of the fitrc 

and spark spectra of scandium (Sol and Sell). By Henry Norris 
Russell and William F. Meggers. Washington 1927. ill. 

Scientific Paper No. 559. A burette for the 

accurate measurement of gas volmnes without gas connection to 
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a compensator. By E. R. Weaveb and Mabtin Shebhbbd. 
Washington 1927. ill. 

UiiaTBD States . Department of Commerce. Bureau of Standards. 
Scientific Paper No. 560. Density and electrical properties of the 
system, rubber-sulphur. By A. T. MoPheeson [and others]. 
Washington 1927. iU. 

Scientific Paper No. 563. Gases in metals. 

in. The determination of nitrogen in metals by fusion in vacuum. 
By Louis Jobdab* and Jambs R. Eokman. Washington 1927. 

Scientific Paper No. 565. Thermal expansion 

of beryllium and aluminium-beryllium alloys. By Peter BtroiTEBT 
and W. T. Sweekey. Washington 1927. 

Technologic Paper No. 338. Color in the sugar 

industry. By H. H. Pbtbbs and Ebancis P. PHEiiPS. Washington 
1927. m. 

Technologic Paper No. 342. Ageing of soft rabber 

goods. By R. E. Tbiitbb, W. H. Smith, and W. L. Holt. Washing- 
ton 1927. m. 

Technologic Paper No. 354. A modified method 

for determination of the copper number of paper. By B. W. 
ScjBXBsnsB and W. R. Bboub. Washington 1927. ^ 

UNIVERSITY OF Illinois. Departm^ of Chemistry. History of 
the decade, 1916-1927, publications of the Department [etc.]. 
(Prom the Univ. Illinois BvMeiiny 1927, 24.) iU. 

Wahl, Walter. tJber die Konstitution der Silikate. Parts I — 
in. (Erpm the Z. KristaUograpkie, 1927, 66.) 

0ber optisch-attive Kupferverbindungen. {Soc. 8cL 

Fenn., Comm. Phys.-Math. 1927, 4, 14.) 

Wyckoff, Ralph W. G. Crystal structure in its relation to 
chemical problems. New York 1927. pp. 20. 



PROCEEDINGS 


OP THS 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, IVIay 3rd, 1928, at 5.30 
p.ni.. Professor J. P, Thoepe, C.B.E., D.So., F.R.S., President, in 
the Chair. 

The President referred to the loss snstained by the Society, 
through death, on April 2nd, 1928, of Professor Theodore William 
Bdchards, who was elected an Honorary Fellow on February 6th, 
1908. 

The following were formally admitted Fellows of the Chemical 
Society: P. D. Coppock, J. D. Cohen, J. Lewkowitsch, A. G. 
White, and F. L. Gilbert. 

Certificates were read for the first time in favour of : 

Leslie Charles Baker, M.Sc., 14, Solna Boad, Winchmore Hill, 21. 

Charles Edwin Burnett, 51, Grasmere Crescent, Monton, Eccles. 

Eanai Lai Dey, M.Sc.Tech., 21, Cromwell Boad, S. Kensington, S.W. 7. 

John Gordon Green, Downlands, Hove Park Boad, Hove. 

Bam Jiban Ghose, B.So., 42, Ghaulpatiy Boad, Bhowanipore, CaJontta. 
Edgar Henley Hecker, B.Sc., Ohcinas, North Lagunas, Iquiqne, Chile. 
WOIiam Beacon Jarvis, 6, Belle Vue Street, Healey, Batiey. 

Bobert Haynes JeSeis, 87, Kyrle Bocui, dapham Common, S.W. 11. 

Albert William Kent, B.Sc., 104, langdale Boad, Thornton Heath. 

Frederic Barry Kipping, B.A., Ph.D., 45, Fulbrooke Boad, Cambridge. 
Charles Bernard Maddocks, A.I.C., 102, Moor Street, Burton-on-Trent. 
Spencer Mort, M.D., Ch.B., M.S., F.B.C.S., North Middlesex Hospital, 
Edmonton, N. 18. 

Victor Harold Perkoff, c/o Curasao Trading Co., Ouragao, Butch West Indies, 
Edwin Arnold Piper, 428, Aigburth Boad, Aigburth, Liveipool. 

Bobert Anthony Bobinson, M.Sc., c/o The Commonwealth Fund, 1 East 57th 
Street, New York. 

Gerald Bex Shutt, M.A., 67, Westwood Avenue, Blctckpool. 

Laurence James Summerbell, B.Sc., 192, Holland Boad, W. Kensington, 
W. 14. 

Vernon Thorpe Tadman, A.I.C., Wissington Sugar Factory, Nr. Stoke Ferry, 
Norfolk. 

Miss M. Carlton and Dr. J. NT. Sugden were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 
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\ 

Chandra Banerji, 

Alfred Ernest Barratt. ^ 

Sudhir Ol&ndra Ba^, M.Sc^V 
Frank Bryans>*M.Sc. 

Henry Scott Buckland. 

Yuoh Fong Chi, M.S. 

Bertrand Stockdale Clarke. 

Jxdian Paul Fraser. 

Frederick Frank Glasspool, B.Sc. 
John Gains. Ashwell Griffiths, B.A., 
A.LC. 

Edward Charles Haddon. 

Frederick Hardy, M.A- 
Donald Vernon Ivins. 

Alice Corfield Kellett, B.Sc. 
Chtian-Ling Liang, B.A., M.Sc. 
Charles Edward Leslie Lucas, A.I.C. 
Spencer Qaude Gascoine Moon. 
Edward William James Moore, B.Sc.. 
A.LC. 


Charles Earl Mnllin, M.Sc. 

Glyn Owen, M.Sc. 

George Wilson Patton, B.Sc. 

Rfidph Oliver Phillips, M.Sc. 

Alec Bae. 

Vaidyanathier Eamaswami, M.Sc. 
Devanahalli Krishna Bao, B.Sc. 
Donald Henry Bichardson, Ph.D., 
M.Sc., A.I.C. 

Tiruvenkata Bajendra Seshadri, M.A. 
Beginald Harvey Spiller, A,B.O.S., 
A.I.C., D.I.C. 

Alfred Tingle, B.Sc., Ph.D. 

Leonard Arthur Warren, B.Sc. 

Boy Basil Waters. 

Walter Weston Webb, Ph.D., B.Sc., 
A.LC. 

William Leonard Whiteley, B.Sc. 
Bichard Llewelyn Wilson, M.Sc. 
Beginald Joseph Winterton. 


The following papers were read : 

The mechanism of the degradation of fatty acids by mould fungi. 
Part n.” By P. D, CSoppook, V. SuBBAMAmAM, and T. K. 
Walkee, 

“Experiments on the synth^is of anthocyanins. Part V. A 
synthesis of 3-P-glucosidylpelargonidin chloride, which is 
believed to be identical with callistephin chloride,” By A, 
Robbetsok and R. Robinsost. 

“ The phosphorescent flame of sulphur.” By H. J, Emeletjs. 

“ Studies of valency. Part IX. Molecular structure of thallium 
salts, (a) Thallium tri-iodide [with Mrs. R. R. Goldstein], 
(6) Alkyl derivatives [with E. L. Gilbeet].” By A. J- Beeey 
and T. M. Lowey, 


Extra meetSi^ held on Thursday, May 10th, 1928, at 6.30 p.m., 
in the theatre of the Royal Institution, Professor J. P. Thoepb, 
C-B.E., D.Sc., E.E.S., President, in the Chair. 

Sir James Walker, LL.D., E.R.S., delivered the Arrhenius Memorial 
Lecture. A vote of thanks to the Lecturer, proposed by Professor 
E. G. Dorman, C.B.E., F R.S., and seconded by Professor H. 
Brereton Baker, C.B.E., E.R.S., was carried with acclamation. 



59 


Ordinary Scientific Meeting, Thursday, May 17th, 1928, at 5.30 
p.in., the President, Professor J. F. Thobpe, C.B.E., D.Sc., P.B.S., 
in the Chair. 

Reference was made to the loss sustained by the Society, through 
death on May 7th, 1928, of Walter Bezant Lowe, who was elected a 
Fellow on the 21st February, 1878. 

The Peesident announced : 

1. That the following Address of Congratulation had been sealed 
and sent to the President and Members of the Mendeleeff Committee 
on the occasion of the Fifth Mendeleefi Congress at Kazan, June 
15th to 21st, in honour of the centenary of Butlerofi : 


The Chemical Society 
to the 

President and Members of the 
MendeUeff Committee. 


We, the President, Council, and Fellows of the Chemical Society, 
send to the President and Members of the Mendeleeff Committee 
OUT cordial greetings on the occasion of the Fifth Mendeleeff 
Congress at Kazan in honour of the memory of Professor A. M. 
Butleroff. 

We recall the outstanding and fundamental inyestigations in the 
field of Organic Chemistry carried out by Butleroff, amongst which 
we would mention to important work on the tertiary alcohols, 
pinacoline, trimethylacetio acid, and more particularly on the 
unsaturated hydrocarbons. 

We desire to associate ourselves with our Russian scientific 
colleagues and with chemists throughout the world in paying homage 
to the memory of Butleroff on the occasion of the Centenary of to 
birth, and we send cordial greetings, and best wishes for a most 
successful meeting at Kazan. 

Signed on behaK of the Chemical Society, 



JocEiiTN Thoepb, Fresidefni. 
T, Slatbb Peicb, Treasurer. 
C. S. Gibson, 

T. S, Moore, 

F. G. Donnan, 


Secretaries. 
Foreign, Secretary. 


Sealed in Council this Seventeenth Day of May, One Thousand 
Nine Hundred and Twenty-eight. 

2. That a meeting of the Faraday Society would be held in the 
laboratory of Physical Chemistry, University of Cambridge, on 
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September 28th and 29th5 1928, when a general discussion would 
take place on the catalysis of homogeneous reactions, such as 
isomeric change, hydrolysis and esterification, association and 
dissociation, thermal decomposition, slow oxidation, etc. under the 
foflowing headings : 

1. Uncatalysed homogeneous reactions and negative 
catalysis. 

2. Intermediate addition-compounds in homogeneous 
catalysis. 

3. Neutral salt and activity effects in homogeneous 
catalysis. 

4. Ionisation as factor in homogeneous catalysis. 

Members and guests will be accommodated by the courtesy of the 
college authorities at Pembroke College during the two days of the 
meeting, and the attendance of Fellows of the Chemical Society will 
be heartily welcomed by the Council of the Faraday Society. 

Miss A. C. Kellett was formally admitted a Fellow of the Chemical 
Society. 

Certificates were read for the first time in favour of : 

Margaret Ethel Birt, B.Sc., 20, 3[/Oiigton Avenue, Sydenham, S.E. 26. 

Julian K, Dale, M.A., Ph,D., 2000 16th Street, N.W., Washington. 

John Chsddecott Everett, Emmanuel College, Cambridge. 

Percy James Fay, M.A., S, Wilberforce Boad, IT. 4. 

John Arthur Greene, 34, Dorset Square, IT.W. 1. 

Hedley Harrison, 4, Dorset Gardens, Hull. 

Geoffrey Starkey Ward, 16, Haslemere Avenue, Bridlington. 

The following Certificates have been authorised by the Council for 
presentation to ballot under Bye-Law I (2) in favour of : 

Heinrich Hubert Maria Josef Houben, Dr.Phil., Hauptstrasse 29, Berlin. 
Pokiarath E. Kurup, B.A., Calicut Soaps & Candles Co., Ltd., P.O. Box 52, 
Calicut. 

Nicholas Francis Lovasz, 42, Engelwold Drive, Saxonwold, Johannesburg. 
The following papers were read : 

“ The action of fluorine upon aqueous solutions of chromium and 
manganese salts.” By F. Fighter and E. Brunner. 

“ Neocyanine.” By F. M. Hamer. 

Syntheses of cyclic compounds. Part III. The reduction of 
some unsaturated cyano-esters with moist aluminium amalgam. 
A new synthesis of mono-substituted malonic acids and of 
pgp'p'-tetramethyladipio acid. Further evidence for the 
multiplanar configuration of the c^cfoheptane ring.” By I. 
Togel. 
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list of Papers, or abstracts thereof, received between March 29th 

and May 17th, 1928. (This List does not include the titles of papers 

which have been read at an Ordinary Scientific Meeting, or which 

have appeared in the Journal.) 

** The heat of crystallisation of the normal long-chain hydrocarbons.®^ 
By K. Va^t Bibbee. 

Conditions of formation of rings attached to the o-, w-, and p- 
positions of the benzene nucleus. Part III.®* By A. F. 
TrrLEY. 

“ A phase-rule investigation of cupric bromide in aqueous and 
hydrobromic acid solutions.’* By S. E. Cartee and N. J. L. 
Megsok. 

** Striated photographic records of explosion waves. Part II. An 
explanation of the striae.** By C. Campbell and A. C. Festch. 

“ Electrometric titration curves of dibasic acids. Part I. Normal 
acids.” By E. Gajste and C. K. Inqold. 

“ The lupin alkaloids. Part 1.” By G. R. Clemo and G. C. 
Leitoh. 

“The dilution and neutral salt errors of buffer mixtures.” By 
C. Moeton. 

“ Dichloro-o-xylenes.” By L. E. Hinkel, E. E. Aylestg, and 
L. C. Bevan. 

The isomeric a-aryl-2-aminocinnamic acids.” By J. M. 6xtllaei> 
and C. J. Ymoim. 

“ The alkaline hydrolysis of esters in aqueous alcoholic solution. 
Part n. The interaction of phenoxides and aliphatic esters.** 
By E. S, Gyngell, 

“ The complete optical resolution of chloroiodomethanesulphonic 
acid.** By J. Read and A. M. McMaoh. 

“The action of bromine water on certain olefinic hydrocarbons 
and ethers.” By J. Read and W. G. Reid. 

“ The reaction between acetylene and sulphur at temperatures up 
to 650®.** By J. B. Peel and P. L. RoBiNSOisr. 

“ The action of chlorine on jute fibre.” By H. W. Strong. 

“ Studies on the substituted quaternary azonium iodides. Part V. 
The molecular state of phenyldimethylazonium, phenyl- 
methylethylazonium, phenyidiethylazonium, phenylmethyl- 
benzylazonium, and phenylpropylbenzylazonium iodides in 
solution.” By B. K. Singh and M. R. Sun. 

“The action of certain dibromotetracarboxylic esters on the 
sodium derivatives of ethyl malonate, ethyl ethanetetra- 
carboxylate, and analogous substances.” By J. J. Lennon 
and W. H. Perkin. 
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** Experiments on the s5iTithesis of brazilin and haematoxylin and 
their derivatives. Part m.” By W. H. Perkin, J. N. EtIy, 
and B. Eobinson. 

Derivatives of 7:8:9: 10-tetrahydro-ap-naphthacarbazole and 
of 8 : 9 : 10 : ll-tetrahydro-a'p'^naphthacarbazole.’’ By S. H. 
Oakeshott and S. 6. P. Plant. 

The influence of arsenic on the catalytic activity of platinum 
for the oxidation of sulphur dioxide.” By E. B. Maxtep and 
A. N. Dttnsby. 

Optical activity and the polarity of substituent groups. Part 
IX. Menthyl esters of methoxynaphthoic and of diphenyl- 
2-carboxylie acids.” By E. Bretscher, H. G. Exile, and 
J. Spence. 

‘‘An alternative formulation of the dilution law.” By H. M. 
Dawson. 

“The nitration of m-fluorophenol.” By H. H. Hodgson and 
J. XiXON. 

“The condensation of hexahydrocarbazole and of tetrahydro- 
pentindole with cyctopentanone cyanohydrin.” By S. G. P. 
Plant and D. M. L. Eippon. 

“ 2-Phenyl-l : 3-diaminopropaae and related compounds.” By 
J. 6 . Jackson and J. Kenner. 

“ The influence of constitution on the stability of racemates.” By 
A. Findlay and A. NT. Campbell. 

“ CoUoidal platinum. Part IV. The existence of hexahydroxy- 
platinic acid in colloidal platinum solutions.” By S, W. 
Pennycxjick. 

“ The influence of the intensity of illumination on the velocity of 
the photochemical union of bromine and hydrogen, and the 
determination of the mean life of a postulated catalyst.” By 
F. Bribes and D. L. Chapman. 

“ A synthesis of pyrylium salts of anthocyanidin type. Part XV. 
The synthesis of cyanidin chloride by means of o-benzoyl- 
phloroglucioaldehyde,” By A. Robertson and E. Robinson. 

“ A synthesis of pyrylium salts of anthocyanidin type. Part XVI. 
The synthesis of pelargonidin chloride by means of o-benzoyl- 
phlorpglncinaldehyde.” By A. Robertson, R. Robinson, and 
J. StTGIURA. 

“ A synthesis of pyrylium salts of anthocyanidin type. Part XVII. 
The synthesis of peonidin chloride by means of o-benzoyl- 
phloroglucinaldehyde.” By S. Murakami and R. Robinson. 

“ A synthesis of pyrylium salts of anthocyanidin type. Part XVIII. 
A synthesis of malvidin chloride.” By W. Bradley and R. 
Robinson. 
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“ Equilibrium in binary systems composed of cresols and amines/’ 
By N. A. PiJSBOT and L. Si^otitch. 

The influence of intensive drying on the system nitrogen peroxide- 
nitric oxide-oxygen.” By J. W. Smith. 

The apparent hydration of ions. Part I. The densities and 
viscosities of saturated solutions of sodium and potassium 
chlorides in hydrochloric acid.” By J. W. Ingham. 

The synthesis of mcac-alkyl and meac-aryl anthracene deriv- 
atives. Part IV.” By E. be B. Baenbtt and J. L. Wht- 

SEOBE. 

The electrokinetic potential between the solid and liquid states of 
a single substance.” By E. Paiebbotheb and E. Woilmweel. 

*‘j^The interaction of cuprous chloride and the chromates of 
potassium in a solution of sodium chloride.” By H. J. P. 
Venn and V. Edge. 

^‘^Studies in colour and constitution. Part m. The influence of 
the methylthiol, methoxy-, and chlorine groups on the colours 
of the nitrobenzaldehydephenylhydrazones.” By H. H. 
Hodgson and E. W. Handdey. 

" Studies of valency. Part X. Electrometric titration of Vernon’s 
a- and p-dimethyltelluronium bases.” By E. L. Gelbebt and 
T. M. Lowby. 

** Studies of valency. Part XI. Molecular conductivities and 
extinction-coejB&cients of derivatives of cyc^otelluropentane.” 
By E. L. GILB3BRT and T, M. Lowby. 

“ The addition of halogens to unsaturated acids and esters. Part I. 
The addition of equimoleoular mixtures of bromine and 
chlorine to cinnamic acid and its derivatives in non-hydroxylic 
solvents.” By N. W. Hanson and T. 0. Jambs. 

** Cryoseopic irregularities with phenols.” By G. M. Biohabdson 
and P. W. Bobebtson, 

*‘The thermal decomposition of thiobenzanilide.” By A. W. 
Chapman. 

The action of substituted aromatic amines on camphoric 
anhydride-bromo- and iodo-camphoranilic acids and camphoro- 
bromo- and iodo-phenylimides.” By M. Singh, R. Singh, and 
K. Lad. 

** Steric hindrance in reactions of substituted quinoxalines.” By 
G. M. Bennett and G. H. Willis. 

N : A^'-Diphenyl-o-phenylenediamine.” By C. S. Gibson and 
J. D. A. Johnson. 

** Synthetical experiments on the aporphine alkaloids. Part HI. 
A synthesis of cor3rtuberme dimethyl ether.” By J. M. 
Gulland and R. D. Hawobth. 
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‘‘ The relative reactivity of methylene groups in 1 : 3-diketones.*^ 
By A. B. E. Lovett and E. Roberts. 

“ Syntheses of cyclic compounds. Part IV. The catalytic decom- 
position of suberic acid and the preparation of suberone directly 
from mixtures of suberic and azelaic acids.” By I. Vogel. 

” The adsorption of vapours on an amalgamated platinum surface.” 
By J. W. Smith. 


“ Resolution of racemic chlorobromoacetic acid.” By H, J. 
Backer and H. W. Mook. 

” Pseudo-ternary systems containing sulphur. Part III. Sulphur- 
sulphur monochloiide.” By B. L. Hammtck and M. Zvegiet- 
zov. 

**The mechanism of tautomeric interchange and the effect of 
structure on mobility and equilibrium. Part in. The 
function of alkaline and acid catalysts in the mutarotation of 
some derivatives of tetramethyl glucose.” By J. W. Baker. 

“ On the nature of the deposit formed during the electrolysis of 
neutral and alkaline solutions with an antimony cathode.” By 
J. Grant. 

^*The molecular configurations of polynuclear aromatic com- 
pounds. Part Vm. 5 : 5-I)iohlorodiphenyl-3 : 3'-dicarb- 
oxylic acid.” By P. B. MoAltstbr and J. BIbnnbb. 


OERTHTCATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, JUNE 21st, 1928. 

Bakeb, Leslie CuAEtLES, 14, Solna Road, Wmcbmore Hill, 21. Briti^. 
Assistant, Dept, of Biocbemistry, IJniveisity College, W.C. 1. B.Sc., M.Sc., 
Xtondon. Pax>exs (with G. F. A^nian) Biochem, J., 1927, 21, 1005; (with 
G. F. Marrian, L C. Drummond, and H. WooUaid), ibid., 1336; (with O. L. 
Brady, B. F. Goldstein, and S. Harris) 1928, 529. [Signed by) J. C. 

Drummond, O. L. Brady, W. K. Slater. 

Bzbt, Masgabet Ethel, 20, Longton Avenue, Sydenham, SH. 26. British. 
Schoolmistress. B.Sc. London. Bedford College, London. Head of the 
Chemical Department (for last seven years), St. Paul’s Girls’ School, Hammer- 
smith, W. 6. Hon. Sec. Association of Women Science Teachers. (Signed 
by} James F. Spencer, Ernest S. Hedges, Robert NT. Kerr. 

Bubnett, Charles Edwin, 51, Grasmere Crescent, Monton, Eccles, Lancs. 
British. Chemist. Assoc. Manchester College of Technology. Full Techno- 
logical Certificate, City and Guilds of London Institute, Oils and Fats. Pamters* 
Oils, Colouis, ^d Varnishes (First Class). For the last twenty years have 
studied pure and applied chemistry at Tottenham Polytechnic, Borough 
Polyteehnic, Regent Street Polytechnic, and Manchester College of Technology. 
by) E. L. Rhead, Geo. Johnson, Charles Hy. Martin. 

OiSBK, Thouas Ballantotb, 111/112, Hatton Garden, London, E.C. 1* 
British-bom British subject. Chartered Patent Agent. B.Sc. of Glasgow 
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University. Studied pure and applied chemistry at Glasgow University and 
Royal Technical College, Glasgow. Chemistry and Metallurgy were taken 
as subjects in my B.Sc. examination. Have been a partner in the firm of 
Boult, Wade, & Tennant, Chartered Patent Agents, since March 1927, and 
have sole responsibility for my portion, largely chemical, of the firm’s technical 
and legal business in connection with patent applications and patent litigation 
and advice to the firm’s clients concerning their patents. {Signed by) Horatio 
BaUantyne, Robert Robertson, Dugald Clerk, J. N. Goldsmith, William K. 
Ballantyne. 

DAiiE, Julian K., 2000, 16th Street, N.W., Washington D.C. U.S.A. 
American. Research Chemist. A.B., M.A., Ph.D,, Princeton University. 
Member American Chemical Society. Publications in J.A.C,S. (Signed by) 
John Bead, Geo. J. Robertson, J. Oldham. 

Bby, Kanaz Lal, 21, Cromwell Road, South Kensington, S.W. 7. Indian, 
Hindu. Student of City and Guilds Engineering College. M.Sc. (Tech.), 
Calcutta University (Applied Chemistry). Worked in the Analytical Depart- 
ment of the University College of Science. (Signed by) E. H. Farmer, M. 
Qudrati-Khuda, R. F. Hunter. 

Evebett, John Chaldecott, The Brambles, Freshwater,* Isle of Wight, 
English. Student. Honours Student in Chemistry (Cambridge). (Signed 
by) R. G. W. Norrish, F. G. Mann, R. E. D. Clark. 

Fay, Peboy James, 8, Wilberforce Road, London, N. 4. English. 
Research (Chemist, Messrs. A. Sanderson & Sons, Ltd. M.A. (Cantab.), 
Int. B.Sc. (Lond.), late Exhibitioner of Christ’s College, Cambridge. On 
leaving Cambridge, studied at Berlin University under Nemst (five semesters), 
and was afterwards an Assistant Chemist to Messrs. Mander Bros., Ltd., 
Wolverhampton. Have done a considerable amoimt of abstracting and 
reading throu^ proof-sheets (paints and varnishes). Member Society of 
Chemical Industry and of Oil and Colour Chemists’ A^ociation. (Signed by) 
W. J. Pope, F. W, Dootson, A, J. Berry. 

Ghose, Ramjiban, 42, Chaulpatty Road, Bhowanipore, Ccdcutia, 
India. Indian, Hindu. Analytical and Technical Chemist. B.Sc., with 
“ distinction ” of the Calcutta University from the Presidency College, Cal- 
cutta. Eight years’ experience as Analyst and Manufacturing Chemist in 
the Chemiccd Works of Messrs. Smith, Stanistreet & Co., Ltd., 18, Convent 
3Eto€ui, Entally, Calcutta. (Signed by) H. Cooper, R. L. Datta, H. W. Thomas. 

Gbeen, John Gordon, Downlands, Hove Park Road, Hove, Sussex. 
British. Anal 3 rtical Chemist in Food Manufacturing. Five 3 rears’ part-time 
student in Laboratory of Public Analyst and Manufacturing Chemist. Three 
years’ practical experience in Food Manufacturer’s Laboratory, and durmg 
greater part of this time have had full charge. (Signed by) William Jago, 
O. Edwd. Sage, F. W. F. Arnaud. 

Greene, John Arthur, 34, Dorset Sqizare, N.W.l. British. Consultant 
Chemical Engineer to Bindphast Products, Ltd., Zambesin Mining Develop- 
ment Co., Ltd., late H.M. Petroleum Research Dept. (Admiralty). Editor, 

Treatise on British Mineral Oils ” (Griffin). Author, " Patent, Smokeless 
and Semi-Smokeless Fuels” (Pitzoan). (Signed by) Percy E. Spielmann, 
F. Mollwo Perkin, J. E. Hackford. 

Harrison, Hbdley, 4, Dorset Gardens, Brunswick Avenue, Hull. British. 
Axxaljsb for the past seven and a half years to Messrs. H. F. & Lee 
Smith, and also to the branches of Barkers & Lee Smith, Ltd., Hull. (Signed 
by) Geo. H. Appleyard, Harry Thompson, Thos. A. Nightscales. 

BDbcker, Edgar Henley, Oficinas, North Lagunas, Iquique, Chile. 
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United States citizen. CJfaemist. B.Se. (Lend.). {Signed by) F. G. Donnan, 
C. S. Gibson, Bric K. Bidefd. 

Jabtis, WiLniAM Deacost, 6, Belle Vue Street, Healey, Batley, Yor k shi r e. 
British. Power Station Chemist. Biploma Ghemistiy and Byeing, Technical 
College, Bradford. (Signed by) F. W. Bichardson, A. Leonard Seal. 

Jefpbbs, Bobebt BLslTEES, 87, Kyrle Bead, CJlapham Common, London, 
S.W. 11. British. Botanist and Student of Ghemistry. N.B. Hort., 
F.K,H.S. Diploma of the Wisley School of Horticulture, Student of Agri- 
cultural Chemistry at Wisley School of Horticulture, Edinburg, and East 
of Scotland College of Agriculture, and Boyal Botanic Garden, Edinburgh. 
Three months Organic Chemistry, Bohert Gk>rdon*s Technical College, 
Aberdeen. (Signed by) Bussell G. Tliin, Francis V. Darbishire, H. J. Page. 

EIent, AiiBEBT WiLLiAai, 104, Langdale Bead, Thornton Heath, Surrey. 
British. Schoolmaster. B.Sc. (2nd Hons. Chemistry), King’s College, 
London. Hons. School Chemistry, King’s College, London, 1922-24. Science 
Master, The Ingram School, Croydon, 1925-27, John Buskin School, Croydon, 
1927 to date. Paper on “ Development of Theory of Chemical Effects of 
Electric Current,” in preparation for M.Sc. (Hist, of Science). (Signed by) 
A. J. AUmand, Samuel Smiles, C. S. Salmon, L. T. M. Gray, H. W. Cremer. 

Kipping, Fbebeeic Babbt, 45, Fulbrooke Bd., Cambridge. British. 
Demonstrator in Chemistry. B.A., Ph.D. (Cambridge). J.C.S,y 1924, 126, 
2396; 1926, 494, 1076; 1927, 528. (Signed by) W. J. Pope, H. McCombie, 
F. G. Mann. 

Maddoces, Chables Bebnabd, 102, Moor Street, Burton-on-Trent. 
British. Besearch Student. A.I.C. (Signed by) F. S. Kipping, E. B. B. 
PrideauE, B. D. Shaw. 

Mobt, Spenceb, Lt. -Colonel, North Middlesex Hospital, Edmonton, 
London, N. 18. British. Medical Superintendent and Surgical Director. 
M.B., Ch.B. (Hons.), M.D., M.S. (Glasgow), F.B.C.S., F.B.S. (Edin.). 
Trained Glasgow and W>st of Scotland Boyal Tech. College, Glasgow (Student). 
Univ. Glasgow, Univ. Paris, Pasteur Institute, Paris (Besearch Fellow). 
Also Dresden and Institut du Badium, Univ. Paris (Besearch Fellow). 
(Signed by) A. M, Low, John Glaister, W. Lester, St. J, Alton. 

Nicoi., Bertra^i lioNEL, 40, Lawn Boad, Exmouth, Devon. British- 
Schoolmaster. M,A. Cambridge. Senior Science Master, King’s School, 
Bochester, since September 1924. (Signed by) W. G. Palmer, W. H. Mills, 
A. F. H. Ward, F. W, Dootson. 

Peeeoff, Victob Ha bold, 37, Lea Bridge Bd., Clapton, E. 5 (present 
address, e/o Curasao Trading Co., Curasao, Dutch West Indies). British. 
Petroleum Chemist. Junior Chemist, W. J. Bush & Co., Hackney, E. 8, 
two years. J unior Works Chemist, English Oilfields, Ltd., Norfolk, two years. 
Chemist, J. E. Hackford, B.Sc., F.C.S., Besearch Laboratories, three years. 
Chemist, British Controlled Oilfields, Ltd., Curagao, D.W.I. (Signed by) 
J. E. Hackford, Percy E. Spielmann, Otto L. Shaw. 

PiPEB, Edwin Abnoid, Moorland Villa, 428, Aigburth Boad, Aigburth, 
Liverpool. British. Student of Anal 3 rtical and Manufacturing Chemistry. 
Served as a Chemist in H.M. Forces throughout the entire period of War. 
Specially desire to receive the privileges accorded to Fellows of the Chemical 
Society. Specialising in Actinotherapy and Manufacturing Chemistry. 
(Signed by) Eric S. Brooks, Alex. W. McLaren, Francis Comer Savage. 

Bobznson, Bobebt AiffTHONV, Bokeby, St. Bernards Boad, Olton, 
Warmckshire (c/o The Commonwealth Fund, 1 East 57tih Street, New York, 
U.S,A*). Brit^. American Commonwealth Fellow. B.Sc. (Honours), 
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Birmingham, 1925. Qualified for M.Sc., Birmingham, 1926. Priestley 
Eeseareh Scholarship, Binningham, 1925-26. D.S.I.E. Grant, 1925-27. 
American Commonwealth Fund Fellowship, 1927-29. J,G,S., 1927, 267, 
1906, 1912. {Signed hy) W. N. BEaworth, S. B. Carter, Wm. Wardlaw, E. 
Ashley Cooper. 

BoGsns, John Poinieb, 70, Warren Avenue, Haydn Bd., Nottingham. 
British. Senior Assistant in Chemist and Pharmaceutical Laboratories. 
Senior Assistant for past eight years in laboratories of Messrs. Newball ^ 
Mason, Ltd., Manufactucing Chemists, Nottingham, and late student of the 
Nottingham University College. I desire to keep in touch with developments 
of Pure Chemistry and to use the publications in the library for purposes 
of research. {Signed by) E. B. B. Prideaux, F. C. Laxton, F. Wilson Moulds. 

Savoe, Leonabd Alvebd, 6 , Toward Terrace, Sunderland, Co. Durham. 
British. Lecturer in Chemistry, Armstrong College (University of Durham). 
M.Sc,, Ph.D. (Dunelm). Associate of the Institute of Chemistry. Associate 
of the Institute of Physics. Formerly Chemist to Sunderland Gas Co.; 
Lecturer (part-time) in Chemistry, Physics, etc., at the Sunderland Technical 
College ; Investigator under the Dept, of Scientific and Industrial Besearch. 
Publications : Phil, Mag.^ 1925, 50, 916; J, Sci, Instr,^ 1925, 2, 289; 1926» 
8, 20, 116; J. SoG, Chem. Ind., 1921, 40, B466; Proc. Dur. Univ, Phil, Soe,, 
1924, 7, 30; Exptl. Wireless, 1923, 1, 70; 1924, 1, 721; 2, 9; 1926, 3, 69, 
144, 243, etc. ; J.O,S,, 1925, 127, 315 ; 1926, 957, 2623. (Signed by) H. V. A. 
Briscoe, G. B. Clemo, P. L. Bobinson, B. D. Haworth. 

Shutt, Gerald Bex, 57, W’estwood Avenue, Blackpool, Lancashire. 
British. Chemistry Master, Blackpool Secondary School. M.A. (Cantab.), 
2 Nat. Sci., Trip. I, 3 Nat. Sci., Trip. II. 1924-26, Chemistiy Master, Tiifin 
Boys’ School, Eingston-on-Thames. 1926 to date. Chemistry Master, 
Blackpool Bo 3 ^’ Secondary School. Since 1926 Teacher re^onsible for 
Chemical Trades Course, Blackpool Technical School. {Signed hy) Charles 
T. Heycock, W. G. Palmer, W. H. Mills. 

Stomkbbell, Laurence James, 192, Holland Bd., Kensington, W. 14. 
British. Science Master. B.Sc. (Lond.). Engaged on research work in 
Physical Chemistry for the past three years under Dr. J. Codrington Crocker 
at Chelsea Polytechnic with a view to taking the Ph.D. degree (Lond.). 
(Signed hy) J. C. Crocker, Francis Amall, Francis W. Hodges. 

Tadman, Vernon Thorpe, Wissington Sugar Factory, nr. Stoke Ferry, 
Norfolk. British. Chemist. Associate of the Institute of Chemistry* 
Head Chemist, British Sugar Manufacturers, Ltd., Wissington Sugar Factory* 
(Signed by) H. Baines, G. Taylor, A. G. Crossley. 

Ward, Gboppbby Starkey, 16, Haslemere Avenue, Bridlington, Yorkshire. 
English. Chemist and Druggist, M.P.S. Keenly interested in all new 
developments and discoveries. Student of Organic Chemistry. (Signed by) 
George A. Medley, H. England, H. C. Boberte- 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 

Housen, Heinrich Hubert Maria Josef, Berlin-Zehlendorf, Haupt- 
strasse 29. Deutschland. Ober-Begierungsrat und Mitglied der Biologischen 
Beichsanstalt Berlin-Dahlem, ausserordentlicher Professor der Chemie an 
der UniveisitSt Berlin. Magister artium liberalium und Dr.phil. (Bonn, 1898). 
Verfasser von etwa 100 Original-Mitteilungen in “ Beriehte der Deutschen 
chemiscben Gesellschaft,” Journal fUr praktische Chemie, Chemiker-Z&iung, 
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Arbeiten aus der Biologiachen Reicha^ATiMaU BerUn-DaTil&m, etc., Heraus- 
geber der Methoden der organiscben CJhemie,** 4 Bande (Leipzig, 2 Aufi., 
1921—24, 3 And. 1 11 . 2 Bd., 1925-26), der “ Fortscbritte der Heilstoft-Cheiuie,’’ 
9 Bande, Bd. 1-4 erschienen (Berlin, 1926-28). {Signed by) Alex. McKenzie. 

Kubxtp, PogiAiiAma: Kastxa, BA.., 2nd Lieutenant, Calicut (Malabar, 
India). British Indian. Managing Director, The Calicut Soaps and Candles 
Companj, Ltd., Post Box 52, Calicut. B.A. (Madras University). Chemistry 
Lecturer. Asst. Supt. Govt. Soap Factory, Calicut. Three years’ work on 
Oil Technology at the Ind. Inst, of Science, Bangalore. Joint author of a 
brochure on ** Malabar Sardine Oil,” with Dr. J. J. Sudborough and Dr. H. E. 
Watson as collaborators. 2nd Lieut, in Bis Majesty’s Land Forces in India. 
{Signed by) J. L. Simonsen, V. M. Mascarenhas. 

Lovasz, Nichoias Francis, 42, Engelwold Drive, Saxonwold, Johannes- 
burg. Briti^. Chemist. M.P.S. Chemist and Druggist, South Adrica. 
Proprietor N. F. Lovasz & Co., Manufacturing and Anal 3 rtical Chemists, 
Johannesburg. Manager, E. L. BaUing & Co., Pharmaceutical Chemists, 
Johannesburg. Manager, African Manufacturers & Importers, Ltd., Johan- 
nesburg. Manager, African Galenical & Besearch Laboratories, Johannes- 
burg. Manager, African Mineral Products Co., Ltd., Johannesburg. Technical 
adviser to African Chemical Manufacturing Co., Ltd., Johannesburg. Now 
with Petersen, Ltd., Johannesburg. I am studying for a B.Sc. degree at 
tTniversiiy of South Africa. {Signed by) Max Eubin, Eugene Sachs. 


ADDmONS TO THE UBBAEY. 

I. Donaiions. 

American Philosophical Society. Proceedings. Vol. XXXVI, 
etc. Philadelphia 1897 +. {EefereTice,) [Wanting Vols, XLIX — 
LI, Vols. XLVn, XLVm, and LV incomplete.] 

From the Royal Photographic Society of Great Britain. 

Clayton, William. The theory of emulsions and their technical 
treatment. 2nd edition. London 1928. pp. sii + 284. iU. 
(Second copy.) 153. net, {Seed, 2/5/28.) 

From Mr. Emil Hatschek. 

CowAKD, Hubert Frank, and Jones, 6 . W. Limits of inflamm* 
ability of gases and vapors. (U.S. Bureau of Mines. Bulletin 279.) 
Washington 1928. pp. viii + 99. ill. 20c. net. (Heed. 12/5/28.) 

From Dr. H, P. Coward. 

Cbivbllt, E. L’industria chimico-metallurgioa del solfato di 
rame e le miscele cupriehe funghicide ed anticrittoganriohe. ll^Iilano 
1928. pp. viii + 321. iU, L.35. (J2ecd. 12/5/28.) 

From the Publisher : Ulrico Hoepli. 

Evans, TJlick Richardson. The corrosion of metals. 2nd 
edition, London 1926. pp. xvi + 260. ill. Ids. net. {Seed. 
4/5/28.) From the Publishers : Messrs. Edward Arnold & Co. 

Gilbemeistbb, Eduard, and HoPEmiiN, Fbibdricih. Die 



atherisciien Ole. 3rd edition. Vol. I. By Eduabd Gildbmeisteb. 
Miltitz bei Leipzig 1928. pp. xviii + 864. ill. {Reed, 12/5/28.) 

Erom the Publishers : Herren Schimmel & Co. 

HuiifTEB, Andbew. Creatine and creatinine. London 1928. 
pp. viii + 282. [Reed, 17/4/28.) 

From the Publishers : Messrs. Longmans, Green & Co. 

Instituto Cibntieico b Industbial del Sautee. Caliche. 
Vol. I, etc. Santiago (Chile) 1919 +. {Reference.) [Vols. I, V, 
and VII incomplete.] 

From the Asociacion de Productores de Salitre de Chile- 

JouBNAL Medioo-Biologiqtje. Year III, etc. Moscow 1927 +. 
[In Bussian.] {Reference.) From the Biochemical Society. 

Mines Depabtment. Safety in Mines Research Board. Public- 
ations. Vol. n. London 1927. pp. x + 400. iQ. 

From the Department. 

New South Wales. Legislative Assembly. Report of the 
Director-General of Public Health for the year 1926. Sydney 1928. 
pp. vi + 170. ill. {Reference.) Is. M. net. 

From the Direotor-Greneral. 

Thoms, Hebmann. [Editor.] Handbuch der praktischen und 
wissenschafthohen Pharmazie. Vol. VI. Part vii. Berlin 1928. 
pp. 1441 to 1680, M. 10. {Reed. 10/5/28.) 

From the Publishers : Herren Urban & Schwarzenburg. 

White, Walteb P. The modern calorimeter. New York 1928. 
pp. 194. ill. $4 net. (Reed. 3/5/28.) 

From the Publishers : The CSbemical Catalog Co., Inc. 

n. By Purchase. 

Anhe, E. a. [and others]. Eunstseide. Berlin 1927. pp. viii + 
354. m. M. 33. {Reed. 19/4/28.) 

Autenedsth, Wilhelm. Laboratory manual for the detection of 
poisons and powerful drugs. 6th American edition, translated from 
the 5th German edition by William H. Wabben. Philadelphia 
1928. pp. xxvi + 698. ill, ZQs. net. {Reed. 18/5/28.) 

CONTEMPOBABY DEVELOPMENTS IN ChEMISTBY. LeotureS 
delivered at Columbia University in the special course in chemistry 
given in the summer session of 1926 on the occasion of the opening 
of the Chandler Chemical Laboratories. New York 1927. ill. 
55s. net. {Reed. 23/4/28.) 

Damon, Samuel Reed. Food infections and food intoxications. 
Baltimore, Md. 1928. pp. viii -f 266. ill. 18a. net. (Reed. 
17/5/28.) 

HlGOLUND, Ebik. Holzohemie. Leipzig 1928. pp. viii -f 275. 
iU. M.20. {Reed. 19/4/28.) 
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Handbuch dee ALLGEMEiEiEN Chemie. Edited by PaTJIi 
Walden and Gael Deuckeb. V. Mechanische Eigenschaften 
fliissiger Stoffe. By Robeet Keemaj^n. Leipzig 1928. pp. xii + 
597. ill. {Beference.) M, 49. 

Haevey, H. W. Biological chemistry and physics of sea water. 
Cambridge 1928. pp. [x + 194. ill. 10^. 6d. net. {Reed,. 
17/5/28.) 

Knoll, Rudolf. Sjnithetische nnd isolierte Riechstoffe und 
ihre HersteUung. 2nd edition by Alfred Waonbe. HaUe (Saaie) 
1928, pp. X + 257. ill. M. 18.50. {Reed. 19/4/28.) 

KTeubuegee, Maximilian Camillo. Rontgenographie des 
Eisens nnd seiner Legierungen : mit besonderer Berucksichtigung 
der Ergebnisse anderer Untersuchungsmethoden. (Sammlung, 
Vol. XXX.) Stuttgart 1928. ill. 

OsTWALD, Wilhelm. Dber Katalyse. (Ostwald’s Klmsiker, 
No, 200.) Leipzig 1923. pp. 55. M. 2. {Reed. 16/5/28.) 

Paneth, Fritz, Radio-elements as indicators and other selected 
topics in inorganic chemistry. New York 1928. pp. x -f 164. 
ill. 12a. 6d. net. {Reed. 17/5/28.) 

Prinqsheim, Peter. Fluorescenz nnd Phosphorescenz im Lichte 
der neueren Atomtheorie. (Struktur der Materie in Einzeldarstel- 
lungen.) 3rd edition. BerM1928. pp.vii -1-357. ill. Jf. 25.20. 
{Reed. 19/4/28.) 

Quaeteely Journal of Pharmacy and allied sciences. Incor- 
porating the Year-Book of Pharmacy. Yol. I, etc. London 
1928 {Reference.) 30s. per annum. 

Rogers, Loeb Alfoed, associates of. Fundamentals of dairy 
icience. New York 1928. pp. 544. ill. 23s. net. {Reed. 
.7/5/28.) 

Rona, Petbe. Praktikum der physiologischen Chemie. Teil I 
nd rU. Berlin 1926 and 1928. pp. xi + 331, vi + 268. ill. 
If. 30. {Reed. 19/4/28.) 

Vanino, Ludwig, and Seittbb, Eduard. Per Formaldehyd. 
nd edition by Abthue Menzel. Wien 1927. pp. viii -f 330. ill. 
f.8.50. (i^ecd. 19/4/28.) 


m. Pamphlets. 

Bancroft, Wilder Dwight. Contact catalysis. (Contem- 
orary Developments in Chemistry.) New York 1927. pp. ii -f- 15. 
Bogert, Marston Taylor. Synthetic organic chemistry in the 
ndy of odorous compounds. (Contemporary Developments in 
bemistry.) New York 1927. pp. ii -f- 30. 

BEdHSTED, Johannes Nicolaus. The theory of velocity of 
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ionic reactions. (Contemporary Developments in Chemistry.) 

York 1927. pp. ii + 29. 

Bbowne, Chables Albert. ALgricultnral chemistry. (Contem- 
porary Developments in Chemistry.) i^ew York 1927. pp, ii -}- 17. 

Clark, William MAirsEiELn. Reversible oxidation-rednction 
reactions in organic systems. (Contemporary Developments in 
Cheinistry.) New York 1927. pp. ii + 20. 

CoHBiflr, Ernst. The influence of pressure upon chemical trans- 
formations. (Contemporary Developments in Chemistry.) New 
York 1927. pp. ii + 12. 

Daniels, Richard George. Cellulose lacquers : materials 
employed in their manufacture and hints for their use. London 
1927. pp. iv + 21. 

Rnk, Colin Garfield. Physico-chemical principles in 
electro-metallurgical research. (Contemporary Developments in 
Chemistry.) New York 1927, pp. ii + 17. ill. 

Franklin, Edward Curtis. Reactions in liquid ammonia. 
(Contemporary Developments in Chemistry.) New York 1927. 
pp. ii + 22. 

Frazer, Joseph Christie Whitney. The direct measurement 
of osmotic pressure. (Contemporary Developments in Chemistry.) 
New York 1927. pp. ii + 20. iU. 

Hopkins, B. Siuith, Completing the periodic table. (Contem- 
porary Developments in Chemistry.) New York 1927. pp. ii -f 16. 

m. 

Imperial Institute. The mineral industry of the British 
Empire and foreign countries. Salt. London 1927. pp. 123. 

Bromine. London 1928. pp. 19. 

Diatomaceous earth. London 1928. pp. 55. 

Iodine. London 1928. pp. 21. 

Annual Report, 1927, by the Director to the Board of 

Governors. London 1928. pp. vi + 35. 

Irvine, Sir Jambs Colquhoun. Carbohydrates. (Contem- 
porary Developments in Chemistry.) New York 1927. pp. ii + 28. 

Johnson, Treat Baldwin. Chemistry of bacteria. (Contem- 
porary Developments in Chemistry.) New York 1927. pp. ii + 14. 

Kendall, Edward C. Oxidative catalysis [in the body]. (Con- 
temporary Developments in Chemistry.) New York 1927. pp. 
ii 20. 

Kraus, Charles August. Radicals as chemical individuals. 
(Contemporary Developments in Chemistry.) New York 1927^ 
pp- ii + 16. 

Levene, Phoebus Aaron. Chemical relationships of sugars, 
optically active amino acids, hydroxy acids, and halogen acids. 



(Contemporary Developments in Chemistry.) New York 1927. 
pp. ii 4- 26. 

lIcCoiiLXiM, Elmer Verner. Water-soluble vitamins. (Con- 
temporary Developments in Chemistry.) New York 1927. pp. 
ii — 10. 

IVIiCHAELis, Leonoe. Permeability and electric phenomena in 
membranes. (Contemporary Developments in Chemistry.) New 
York 1927. pp. ii + 14. 

Moore, Rioharb Bishop. The rare gases of the atmosphere, 
(Contemporary Developments in Chemistry.) New York 1927. 
pp. ii + 21. 

Norris, James Elack. Chemical reactivity. (Contemporary 
Developments in Chemistry.) New York 1927. pp. ii + 13. 

Retd, Ebenezer Emmet. Synthetic organic chemistry. (Con- 
temporary Developments in Chemistry.) New York 1927. pp. 

ii S- 

Scientific and Industrial Research, Department of. Report 
of test by the Director of Fuel Research on the Crozier retort 
installed by Mineral Oils Extraction, Limited, at Wembley. 
London 1928. pp. vi + 21. ill. 

Engineering Research. Special Report No. 6. Properties of 

materials at high temperatures. HI. Note on the “ creep ” of 
Armco iron. By H. J. Taps3BLL. London 1928. pp. iv + H- iU- 

Food Investigation. Special Report No. 31. The changes 

produced in meat extracts by the bacterium Stajphylococcus aureus. 
Application of the alcohol titra»tion methods. By Frederick 
William Foreman and George Stuart Graham-Smith. London 
192S. pp. iv -f 97. 

Special Report No. 32. The control of reaction in 

cultures and enzymic digests. A comparison of the effects of certain 
salts upon changes in pa and changes in absolute [H+] with reference 
to enzyme action. The role of creatinine in the control of reaction 
in cultures. By Frederick William Foreman and George 
Stuart Graham-Smith. London 1928. pp. iv + 27. ill. 

Sherman, Henry Clapp. Quantitative research in the chemistry 
of nutrition. (Contemporary Developments in Chemistry.) New 
York 1927. pp. ii + 19. 

Taylor, Hugh Stott. Catalysis and the mechanism of chemical 
reactions, (Contemporary Developments in Chemistry.) New 
York 1927. pp. ii + 16. 

. Dnited States. Department of Agriculture, Technical Bulletin 
No. 20, A study of phylloxera infestation in California as related 
to types of soils. By R. L. Nougaret and Macy H. ItAPKiM. 
Washington 1928. pp. 38, ill. 



PROCEEDINGS 

OP THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, June 7th, 1928, at 5.30 
p.m., ftofessor J. F. Thorpe, C.B.E., D.Sc., F.R.S., President, in 
the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

Walter Johnson Cooper May 7th, 1S91. May 27th. 

Frederick Mollwo Perkin June 18th, 1891. May 24th. 

Angus F. H. Ward was formally admitted a Fellow of the 
Chemical Society. 

Certificates were read for the first time in favour of : 

William Robert Hardy Hintley, B.Sc., Ph.D., 28, Chestnut Bo^, West 
Norwood, S.E. 27. 

Kolar lUunakrishnaiyer Erishnaswami, B.A., 21, Cromwell Boad, South 
Kensington, S.W. 7. 

John William Smith, B.Sc., 70, Verdant Lane, S.E. 6, 

The following papers were read ; 

Studies of valency. Part X. Electrometric titration of Vernon’s 
a- aind p-dimethyitelluronium bases/’ By F. L. and 

T. M. Lowry. 

Studies , of valency. Part XI. Molecular conductivities and 
oYtinction coefficients of derivatives of c^cfotelluropentane.’^ 
By F. L. Gilbebt and T. M, Lowry. 

The action of diazo-salts on aromatic sulphonamides. Part II. 
The mechanism of the reaction and the constitution of the 
diazosulphonamides.'* By A. Key and P. K. BtrrT. 

Ordinary Scientific Meeting, Thursday, June 21st, 1928, at 5.30 
p.m.. Professor J. F. Thorpe,, C.B.E., B.Sc.^ F.B.S., thesident, in 
the Cbair. ^ 

Reference was made to the loss sustained by the Society through 
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the death of Madyar Gopal Rau on May 21st, 1928, who was elected 
a Fellow on June 20th, 1918, and the Peesident then called upon 
Professor J. R. Partington to make a statement. 

Professor Partington said that the present month completed the 
twenty-fifth anniversary of Mr. Clifford’s tenure of ojffice as 
Librarian, and that it was unnecessaiy^ for him to explain to 
Fellows the many excellent qualities possessed by their Librarian. 
Many virtues went to the making of a good Librarian, and Mr. 
Clifford had them all. He was tactful, energetic and professionally 
efficient. The way in which he had organised the Library was 
worthy of great praise, especially when regard was paid to the 
fact that the books were distributed all over the building, for a 
large proportion of the books was in the basement, and they had 
now invaded the Council Room. That a book could be obtained 
so quickly from this scattered store was very creditable. In recent 
years increased demands had been made upon the services of the 
Librarian by reason of the availability of the Library to members 
of contributing Societies, but these demands had been met. He 
was sure that all Fellows who had had occasion to use the Library, 
either by personal visits or through the post, must have been 
assisted many times in obtaining information as to the literature 
of any particular subject in which they were interested. Professor 
Partington said he was sure all Fellows would associate themselves 
with him in expressing their appreciation of the services of their 
courteous and efficient Librarian. 

The President conveyed to Mr. Clifford the thanks of the Council 
and Fellows for the able and efficient manner in which he had 
carried out the duties of his office during the past twenty-five years, 
and handed him a cheque from the Council and one from the 
Fellows, who had also given a clock. 

In acknowledging these gifts, Mr. Clifford said he found it almost 
impossible to express in words his grateful thanks to the Council and 
Fellows for their generous recognition of his past services : his work 
as custodian of the Library had always been a pleasure, for there was 
joy in the chase after the ambiguous reference, and many a thrill 
in the pursuit of the elusive fact. Many of the inquiries received 
referred to matters of great variety and interest. 

Mr. Clifford recalled that during the past twenty-five years the 
library Committee had had but three Chairmen : Prof. Henry 
McLeod, who retired in 1904, Prof. J. Millar Thomson, who held 
the office for twenty years, and to whom he owed a great debt of 
gratitude for wise counsel and friendly advice, and Prof. Partington, 
who had been Chairman during the last four years. In acknow- 
ledging the friendly relations which had existed between Prof. 
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Partington and himself , ]Mr. Gifford thanked him most sincerely 
for the great amount of time and trouble he had so generously 
taken with regard to the presentation. 

The President announced that 

1. The following Address of Congratulation had been sealed in 
Coimcil that afternoon, and w-ould be presented by himself on the 
occasion of the Liebig-Wohler Celebrations to be held at Darmstadt 
on July 7th, 1928 ; — 

The Chemical Society 
to 

the German Chemical Society, the Association of German Chemists, 

the Bunsen Society, and the Darmstadt Liebig House Committee 

We, the President, Council, and Fellows of the Chemical Society, 
offer to our German Colleagues our sincerest congratulations on 
the auspicious occasion of the Liebig-Wohler celebrations at Darm- 
stadt and Giessen. 

The great names of Liebig and Wohler are known and revered 
throughout the civilised world as the foimders of Organic Chemistry. 
The debt which humanity owes to Justus Liebig, the pioneer of 
agricultural chemistry and of the emplo 3 rment of artificial fertilisers 
in the cultivation of the soil, cannot be over-estimated. We in 
England owe to him the ideas which inspired the great work of 
Lawes and Gilbert at Rothamsted. The labours of the chemist 
in supplying artificial fertilisers to the farmers are of fundamental 
importance to-day, since without them prosperity would decline and 
famine soon face the vast and ever-growing population of the world. 

We welcome with the liveliest satisfaction the preservation and 
restoration of the house in Darmstadt where Liebig was bom. It 
will become one of the holy places of our science, which all chemists 
will visit. 

Who can think of Liebig without recalling the name of his great 
collaborator, Wohler? And who can think of Wohler without 
recalling that it was he who first demonstrated the power of man 
to rival the operations of nature? Physiology, Biochemistry, 
Chemotherapy, and Medicine, as we understand these sciences 
to-day, became possible only after the work of Wohler, who thus 
transcended Hippocrates and Galen and made Chemical Science the 
comer stone of the edifice of Life. 

The co-operation of Liebig and Wohler, who, beginning as rivals;, 
soon became friends and collaborators, forms one of the hairiest 
examples of good sense and just partnership known in science. In 
common with chemists throughout the world we of the Chemical 
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Society unite in -wisiiing our German feflow scientists a very happy 
and successful meetiug in Darmstadt. 

Signed on behalf of the Chemical Society, 



Jocelyn Thobpe, 
T. Slateb Price, 
C. S. Gibson 
T. S. Moobe, 

P. 6. Donnan, 


President, 

Trmmrer, 

Secretaries, 

Foreign Secretary, 


Sealed in Council this Twenty-first Day of June, One Thousand 
Nine Hundred and Twenty-eight. 

2. The Council had decided that the Ordinary Scientific Meetings 
nest Session should be held at 8.0 p.m. 

J. G. A. Griffiths was formally admitted a Fellow of the Chemical 
Society. 

Certificates were read for the first time in favour of : 


Alfred Aaron Levi, M.So., 2, Ormonde Terrace, Kegent’s Park, N.W. 8. 
Catherine Eleanor Hallen, H.A., The Eed House, Beechwood Terrace, 
Sunderland. 

Martha Elizabeth Murray, B.Sc., A.I,C., 90, Channel Street, Galashiels, 
Selkirkshire. 

Dr. E. H. Farmer and Dr, E. E. Turner were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows ; 


Leslie Charles Baker, M.Sc. 

Margaret Ethel Birt, B.Sc. 

Charles Edwin Burnett. 

Thomas Ballantyne Clerk, B.Sc. 
JiiliazL K. Dale, A.B., M.A., Ph.D. 
Kauai Lai Dey, M.Sc.Tech. 

John Chaldecott Everett. 

Pensy James Fay, M.A. 

Bamjiban Ghose, B.Sc. 

John Gordon Green. 

John Arthur Greene. 

Medley Harrison. 

Edgar Henley Hecker, B.Sc. 
Heinrich Hul^rt Maria Josef Houben, 
Br.Phil. 

William Deacon Jarvis. 

Bobert Haynes Jeffers. 


Albert WillU^ Kent, B.Sc. 

Frederic Barry Kipping, B.A., Ph.D. 
Pokiarath Kaxma Kurup, B.A. 
Nicholas Francis Lovasz. 

Charles Bernard Maddocks, A.I.C. 
Spencer Mort, M.D., M.S., F.R.C.S. 
Bertram Lionel Nicol, M.A. 

Victor Harold Perkoff. 

Edwin Arnold Piper. 

Robert Anthony Robinson, M.Sc. 
John Poinier Rogers. 

Leonard Alfred Sayce, M.Sc., Ph.D., 
A.I.C. 

Gerald Res Shutt, M. A. 

Laurence James Summerbell, B.Sc. 
Vernon Thorpe Tadman, A.LC. 
Geofirey Starkey Ward. 



The following papers were read : 

Acid and salt effects in catalysed reactions. Part XV. The 
catalytic activity of hydrochloric acid in the hydrolysis of 
ethyl acetate.'* By H. M. Dawson and W. Lowson. 

The chemistry of the three-carbon system. Part XVill. 
Quantitative investigations on the a|3-Py change in unsaturated 
acids ; observations on the reduction of sorbic acid and a new 
synthesis of pyroterebic acid." By A. A. Goldbeeg and 
R. P. Linstead. 

‘‘ The influence of structure on the solubilities of ethers. Part I. 

Aliphatic ethers." By G. M. Bennett and W. G. Phtlip. 

“ The influence of structure on the solubilities of ethers. Part II. 
Some cyclic ethers." By G. M. Bennett and W. 6. Philip. 

The Council has made the following Grants from the Research 
Fund : 

£ S» dm 

Aromatic substitution. J. W. Baker. (Leeds Univ.) 8 0 0 

Production of fat from carbohydrates by fermentation. H. H. 

Barber. (Univ. Coll., Nottingham) 8 0 0 

Aliphatic and cyclic sulphides (contd.), Gr. M. Bennett. (Shef- 

fleld Univ.) 8 0 0 

Synthesis of some j3-benziminazolylethylamines. B. C. Chatter* 

Jee. (Mcmchester Univ.) 12 0 0 

<xj?-Dicyano esters of aliphatic acids (conid.). P. K. Butt. (Leeds 

Umv.) ..r ... ... ... ... ... 8 0 0 

Bflect of substituents on the inhibition of organic recbctions. 

G, M. Dyson. (Loughboroi^^h Coil.) 8 0 0 

Simple unsaturated aliphatic ketones. £. N. Eccott. (Imperial 

CoU.) 8 0 0 

Introduction of the triphenylmethyl group into phenols. 

D. V, N. Hardy. (Univ. Coll., Southampton) 8 0 0 

The structure of the Grignard reagent. H. H. Hatt. (Univ. 

CoU., Southampton) ... ... ... 5 0 0 

E35)eriments on the ^soquinoline series. E. D, Haworth. (Arm- 
strong Coil.) ... ... ... ... ... ... 8 0 0 

Eflect of x)olar and steric factors on the mobility of semicyclic 

triad systems. J. W. T. Jones. (Imperial Coll.) 8 0 0 

Condensation of aldehydes with glycine anhydride (eontd.), 

P. G. Marshall and W. P. Dickinson. (Leeds Univ. and 

Watford Grammar School) 5 0 0 

Orientation of substituent groups in 5-hydroxyhydrindene. I. G. 

Nixon. (Cambridge Univ.) 8 0 0 

Substituted adipic acids and their derivatives. (Miss) M. P. 

Oommen. (Imperial Coll.) 10 0 0 

Effect of the so-called ” strainless ” rings on the carbon tetra- 
hedral angle (confd.). K. A. N. Rao. (Imperial Coll.) ... 12 0 0 

Constitution of Sparteine. R. Raper. (Armstrong Coll.) ... 8 0 0 
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iEquilibrium mixtures of unsaturated methyl ketones {conid.), 

R. D. SateheU. (Imperial Coll.) 

Synthesis of glucosides of pelargonidin. T. R. Seshadri. (Man- 
chester Univ. and Univ. Coll., London) 

The condensation product of fluorene with acetone. S. H. 

Tucker and J. W. Nicol. (Glasgow Univ.) 

Synthesis of cyclic compounds (contd.). I. Vogel. (Imperial Coll.) 
Mechanism of the oxidation of fatty acids by enz 3 nnes secreted 
by mould fungi {contd.). T. K. Walker. (Tech. Coll., Man- 
chester) 

Additive properties of conjugated compounds. F. L. Warren. 

(Imperial Coll.) 

Spatial structui'e of c.ycfoparaffins . W. A. Wightman. (Leeds 
Univ.) 


S 0 0 

20 0 0 

5 0 0 
10 0 0 

8 0 0 
8 0 0 
16 0 0 


£207 0 0 


THE LIBRARY. 

The Library will be dosed for Stocktaking from Monday, August 
6th, until Saturday, August ISth (inclusive). During the following 
four weeks (August 20th to September loth), the Library will close 
daily at 5 p.m. 


List of Papers, or Abstracts thereof, received between May 17th 
and June 21st, 1928. (This List does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 

“ The preparation and properties of pure phosphorus trioxide.’’ 
By C. C. MnjjSR. 

“ The rotatory dispersion of derivatives of tartaric acid. Part III. 

Diacetyltartaric acid and its esters.” By P. C. Austin. 

“ The rotatpry dispersion of derivatives of tartaric acid. Part IV. 

Dipropyl and dibutyl tartrates.” By P. C. Austin. 

“ The decomposition of acetyl peroxide and the mechanism of 
Kolbe’s electrosynthesis.” By O. J. Walker, 

“ An electronic theory of catalytic oxidation and reduction.” By 
A. W. Wellings. 

“ Syntheses in the diphenyl series.” By L. E. Hesteel and D. H. 
Hey. 

The velocity of the acid hydrolysis of cotton cellulose by hydro- 
chloric acid, alone and in presence of alkali chloride.” By E. 
Hunter. 



Neodymium selenate.’’ By J. A. N. Fresxd and A. A. Rotjis'D. 

“ On the possibility of ring-chain valency tautomerism, and of a 
type of mobile-hydrogen tautomerism analogous to the 
Wagner-Meerwein re-arrangement. Part III. Orientation of 
some cyclic derivatives of phorone.” By C. K. Ingold and 
G. W. Shoppee. 

‘^The production of fat by a species of penicillium from carbo- 
hydrate and similar media. Part I. Glucose and sucrose.’" 
By H. H. Barbek. 

Halogen derivatives of o- and p-azophenol.” By L. Hunter and 
E. S. Barnes. 

The decomposition of bomyl benzene- and naphthalene-sulphon- 
ates by heat. The products of hydrolysis of bomyl and 
menthjd benzene- and naphthalene-sulphonates. The influence 
of solvents on the temperature of decomposition of these 
bornyl and menthyl sulphonates."” By T. S. Patterson and 
I. M. McAlpine. 

‘‘ The influence of solvents on the rotation of optically active 
compounds. Part XXV. Bomyl benzenesulphonate, bomyl 
naphthalene-a-sulphonate, and bornyl naphthalene-p-sulphon- 
ate in various solvents.” By T. S. Patterson and I. M. 
McAlpine. 

‘‘ The catalytic hydrogenation of different types of unsaturated 
compounds. Part III. The hydrogenation of conjugated 
systems.” By S. V. Lebedev and A. 0 . Yakubchik. 

“ The action of nitrous acid on amino-compounds. Part II. 
Aliphatic amino-acids.” By T. W. J. Taylor. 

A contribution to the chemistry and chemotherapy of aryl arsen- 
oxides and dichloroarsines.” By G. Newbery and M. A. 
Pmucips. 

Studies of dynamic isomerism. Part XXVIII. Absorption 
spectra of the ketonic and enolic forms of an a-diketone.” By 
T. M. Lovnair and H. MoTUiEU. 

“ Acid and salt effects in catalysed reactions. Part XVI. Cata- 
lytic effects in the iodination of mesityl oxide.” By H. M. 
Dawson and A. Key, 

Styrylpyrylium salts. Part X. Anhydropyrylium bases and 
spiropyrans derived from dibenzyl ketone.” By R. Dickinson, 
I. M. Heilbron, and P. O’Brien. 

“ The hydrolysis of guanidine carbonate.” By J. Bell. 

“ The Walden inversion.” By H, N. K. Rorda&i. 

“ The preparation of some halogenoaminophenols. Part I. Mixed 
tetrahalogen derivatives of o-azophenol. Part II. Halogen 
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derivatives of 2>-hy<iro^azobeiizeiie/’ By L- Hunter and 
R. S. Barnes. 

Studies in the pyrazole series. Part I. Anilopyrine and anti- 
pyrine and the relative migration of the hydroxyl group in 
anilopyrine alkylhydroxides.” By P. K. Butt. 

Derivatives of ^-indoxylspirocycfohexane.” By R. L. Betts and 
8, 6. P. Plaot. 

** lEhe action of disilicon hexachloride on ether.” By F. S. 
Kipping and R. A. Thompson. 

“ The constitution of magnesium acetate solutions. Part IE. 
Evidence from vapour pressures.” By E. A. Goode, N. S. 
Bayuess, and A. C. D. Rivett. 

** Note on the spectrum of the chemiluminescence accompanying 
the oxidation of ether, acetaldehyde, propaldehyde, and 
hexane.” By H. J. EmelIius. 

” .Sr-Methyl derivatives of 2-phenyInaphthalene-l : 3-diamine,” By 
C. S. Gibson, W. S. Kentish, and J. L. Simonsen. 

lO-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
VI. Compounds containing two nitrogen and two arsenic 
atoms in six- and five-ringed systems.” By 0. 8. Gibson and 
J. D. A. Johnson. 

” By-products of the Gattermann aldehyde reaction.” By F. 
Bell and T. A. Henry. 

*‘2:4: 7-Trmitrofluorenone.” By F. Bell. 

“ The photochemical decomposition of glyoxal vapour.” By 
R. G. W. Noreish and J. G. A. Geefeiths. 

** Cobalt allylamines : a supposed co-ordination number of eight 
for cobalt.” By W. R. Bucknall and W. Wardlaw. 

“ A resolution of benzoin.” By I. V. Hopper and F. J. 
Wilson. 

** 8ynthetical experiments on the aporphine alkaloids. Part IV. 
A synthesis of morphothebaine dimethyl ether.” By J. M, 
Gulland and R. D. Haworth. 

“ Hydrolysis in solutions of potassium laurate* as measured by 
extraction with benzene.” By J. W. McBain and M. 
Eaton. 

“ Per-iodide equilibria in aqueous and salt solutions.” By J. S. 
Carter. 

“ The vacuum stability test : calculation of gas volume.” By 
E. J. Vaughan. 

"The action of magnesium phenyl bromide on methyl o-cyano- 
benzoate. 1 : 3-Diphenyidihydro2fioindole.” By D. R. Boyd 
and D. E. Ladhams. 
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“The rotatory dispersion of certain isomeric butyl esters of 
Z-mandelic acid.*’ By C. E. Wood, A. E. Chrisma^', and 
S. D. XlCHOLAS. 

“ The nature of the alternating effect in carbon chains. Part 
XXVIII. The preparation and some properties of benzyl 
fluoride.” By C. K. Ingold and E. H. Ingold. 

“ The nature of the alternating effect in carbon chains. Part 
XXIX. Further experiments bearing on the problem of the 
ciTthO'-para ratio in aromatic substitution.” By C. K. Ingold 
and C. C. X. Vass. 

“ Electrometric titration curves of dibasic acids. Part 11. P-Sub- 
stituted giutaric acids.” By R. Gane and C. K. Ingold. 

“ Aminobenzthiazoles. Part X. The mobility of the 1-amino- 
3-methylbenzthiazole system.” By R. F. Hunter and E. R. 
Styles. 

“Nitration of 4-halogeno-2-hydroxy- and 2-halogeno-4-hydroxy- 
benzaldehydes.” By H. H. Hodgson and T. A. Jenkinson. 

“ The formation of 2-substituted benziminazoles.” By M. A. 
Phillips. 

“The quadrivalency of selenium. Part I. 4-Carbox5'diphenyl- 
and p-carboxyphenyl methyl selenoxides.” By W. R. Gayth- 
WAiTB, J. Kenyon, and H. Phillips. 

“ The quadrivalency of selenium. Part EE. The simple halogen 
derivatives and the dihydroxide of 4-acetamidodiphenyl 
selenide.” By W. R. Gaythwaite, J. Bjenyon, and H. 
Phillips. 

“The quadrivalency of selenium. Part m. The instability of 
the compounds of quadrivalent selenium derived from phenyl 
methyl and phenyl ethyl selenides and phenyl- and p-tolyl- 
selenoglycoHic acids.” By O. K. Edvtards, W- R. Gayth- 
WA2TB, J. Kenyon, and H. PhitiLTps. 

“The solubility of potassium ferricyanide in water between 0® 
and 100°.” By J. A. N. Friend and W. N. Smieles. 

“ The effects of the spatial position of substituent groups on acidic 
strength.” By D. H. BDby. 

“The conditions determining the thermodynamic stability of 
cyanohydrins of carbonyl compounds. Part I. Some effects 
of {a) substitution in aromatic aldehydes and {b) ring form- 
ation.” By A. Lapwobth and R. H. F. Manske. 
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ABDITIOXS TO THE LIBEAEY. 

I. Donations. 

Beck, Cokrad. The microscope. 2 vols. London 1923-24. 
pp. 144, 232. ill. {Reed. 11/6/28.) From Messrs. R. & J. Beck, 
Colloid Symposium Monogbaph. Papers presented at the fifth 
National Symposium on Colloid Chemistry. New York 1928. 
pp. 394. ill. 275. net. (Second copy.) {Reed. 15/6/28.) 

From jVIr. E. Hatschek. 
Holmes, Harry N. Laboratory manual of colloid chemistry. 
2nd edition. New York 1928. pp. xviii -f 228. ill. (Second 
copy.) {Reed. 15/6/28.) From Mr. E. Hatschek. 

Kuhk, W. Physika^ch-chemische tJbimgen. Zurich 1928. pp. 
102. iU. {Reed. 7/6/28.) From the Author. 

National Benzole Association and University of Leeds. 
Joint Benzole Research Committee. Third report. London 1926. 
pp. 204. ill. {Reference.) From the Association. 

Organic Syntheses. An annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. Vlll. 
New York 1928. pp. viii + 142. ill. 105. net. {Reed. 19/6/28.) 

From the London Publishers : Messrs. Chapman & Hall. 
Partington, James Riddick. The composition of water. London 
1928. pp. viii + 106. iU. I 5 . 6d. net. {Reed. 14/6/28.) 

From the Author. 

Scientific and Industrial Research, Department of. 
Engineering Research. Special Report No. 3. The causes of failure 
of wrought iron chains. By Herbert John Gough and Alfred 
John Murphy, pp. x + 167. ill. {Reference.) Is. 6d. net. 

From the Department, 
University of Illinois. Chemistry Department Bulletin. 
Vol. I, etc. Urbana, HI. 1924 +. {Reference.) 

From the Department. 


n. By Purchase. 

Asleb Directory, The. A guide to sources of specialized inform- 
ation in Great Britain and Ireland. Edited by George Frederiok 
Barwick. London 1928. pp, xvi + 425. {Reference.) 215. net, 
Cohen, Julius Bbbend. Organic chemistry for advanced 
students. 5th edition. 3 vols. London 1928. pp. viii 4- 427, 
viii + 487, viii -f 440. ill. [Reference.) 545. net. 
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GAKDisrEB, Hexey a. Physical and chemical examination of 
paints, varnishes, lacquers and colors. 4th edition. Washington 
1927. pp. 784 -h [278]. oos. net. (i?6crf. 11/6/28.) 

HANUBrcH DEE Physik. Edited by HA^’S Geigee and Karl 
ScHEEL. Vol. III. Mathematische Hilfsmittel in der Physik. 
Edited by Ha^’S Thtreikg. Berlin 1928. pp. xiv + 647. ill. 
Jtf, 59.50. (i^ecd. 11/6/28.) 

Hogbee, LAycELOT T. The comparative physiology of internal 
secretion. Cambridge 1927. pp. viii + 148. ill. 105. 6ef. net. 
(Heed. 21/6/28.) 

Lrsno, SAMUEii Colvuxe. The chemical effects of alpha particles 
and electrons. 2nd edition. New York 1928. pp. 252. ill. 
15s. 6d. net. (Heed. 23/5/28.) 

Smith, Behest Ellswoeth. ALuminiiim compounds in food, 
including a digest of the report of the Referee Board of Scientific 
Experts on the influence of aluminium compounds on the nutrition 
and health of man. New York 1928. pp. xii + 378. Sis. 6d. net. 
(Heed. 24/5/28.) 

[Uhiteb States] National Research Coxjhcil. Subcommittee 
on Chemiluminescence. Chemiluminescence. (National Research 
Council Bulletin No. 59.) Washington 1927. pp. 62. 45. 6d. net, 
(Heed. 1616128.) 

Wall, Edward Johh. Intensification and reduction : a critical 
resume of aU known methods with reference to the original 
monograph, Boston, Mass. 1927. pp. 40. ill. 5s. net. (Heed. 
16/6/28.) 

Wilson, John Aethtje. The chemistry of leather manufacture. 
2nd edition. Vol. I. New York 1928. pp. 495. ill. 425. net, 
(Heed. 23/5/28.) 


m. Pamphlets. 

Aeronautical Research Committee. Reports and Memoranda 
No. 1113. Closed vessel explosions of carbon monoxide, oi^gen 
and nitrogen mixtures. By R. W. Penning. London 1928. pp. 
13. ill. 

Australia, Commonwealth op. Council for Scientific and 
IndvMrial Hesearch. Bulletin No. 34, The biological control of 
prickly pear in Australia. By A. P. Dodd. Melbourne 1927. 
pp. 44. ill. 

Bulletin No. 35. Kraft piilp and paper from Pintis 

insignia. By L. R. Benjamin [and others]. Melbourne 1928. 
pp. 32. 
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Austealia, Commonwealth of. Council for Sdefntiflc and 
Industricd Besmrch. PampMet Ifo. 7. The export of oranges. 
By W. Ranoee and William John Young. Melbourne 1928. 

pp. 12. m. 

Beitish Reseaech Association foe the Woollen and Woested 
Indtjsteies. Publication No. 94. A survey of the production and 
utilisation of wool. By Sydney Geoege Babkee and Arnold 
Probishee. Leeds 1928, pp. 10. 

Empire Marketing Board. The chemistry of wine making : a 
report on oenological research. By John Theodore Hewitt; 
London 1928. pp. 57, 

Imperial Chemical iNDrsTEiES, Liquid chlorine. London 
[1928]. pp. 13. m. 

Miner Laboeatoeies. Furfural Department. Bulletin No. 2. 
Furfural and its derivatives. Chicago 1925. pp. iv + 53. 

Mines Department. Safdy in Mines Research Board. Paper 
No. 42. Firedamp explosions : the projection of flame. Part II. 
By Maurice John Burgess. London 1928. pp. 8. iU. 

Plendeeleith, Harold James. Laboratory notes : The 
preservation of book-bindings, (From the British Museum 
Quarterly^ 1927, 2.) 

Scientific and Industrial Research, Department of. Fuel 
Research. Technical Paper No. 20. The Thomas recording gas 
calorimeter. London 1928. pp. vi + 42. ill. 

United States. Department of Commerce. Bureau of Standards. 
Scientific Paper No. 570. Thermal expansion of alloys of the 
stainless iron ” type. By Pbtee Hidneet and W. T. Sweeney. 
Washington 1928. ill. 

Weinig, Arthur J., and Palmee, Irving A. The trend of 
flotation. 2nd edition. (From the Quart. Coh. School Mines ^ 
1928, 23.) 

Wells, Harry Gideon, Immunology as a branch of chemistry. 
(Contemporary Developments in Chemistry.) New York 1927. 
pp. ii + 17, 

Wilson, John Arthur. A development in the chemistry of 
sanitation. (Contemporary Developments ‘ in Chemistry.) New 
York 1927. pp. ii + 24. , 



PEOCEEDINGS 

OI* 'T’w tn 

CHEMICAL SOCIETY. 


Extraordinary General Meeting, Tlinrsday,. October IStb, 1928, 
at 8 p.m. Professor J. E, Thobpe, G.B.E., D.Sc., E.R.S., President, 
in the Chair, 

The notice convening the meeting having been read, the President 
stated that in February, 1927, the Coxtncil had appointed a Com- 
mittee to consider the provision of Committees, the election of 
Chairmen of Committees, the Chairmen of the Library and Pub- 
lication Committees and also of the Bureau (if a Fellow) being 
ex-officio on the Council, and in what other ways the Bye-Laws 
shoidd be altered. The Committee had met on several occasions, 
and its final report was received and adopted by the Council on 
June 21st, 1928. 

Professor H. B. Baker then proposed that the additions to, and 
alterations of, the Bye-Laws, as detailed in the notice circulated 
to all Fellows resident in the United Elingdom, be adopted; the 
motion was seconded by Professor J. G. Philip. 

I>r. Br, H. Pickard asked for information as to what w^ involved 
in the proposed additions and alterations, and Professor C. S, Gibson 
made the following statement : 

The present Bye-Laws contain no provision for the appointment 
of Committees or for framing Standing Orders. Under the new 
.Bye-Law (to be numbered XIII) the Council seeks power (a) to 
appoint Committees ; {b) iu the case of the Library Committee, to 
invite each Society contributing to the upkeep of the -Library to 
appoint a representative to serve on the Committee; (c) to co- 
operate with other sunilar bodies in caxryii:^ out. schemes where 
combined action is necessary and to appoint Fellows as represent- 
atives to serve on any Joint Commitl^; (d) to delegate to such 
Joint Cbmmitt^ authority to incm en^nditure in furtherance of 
such scheme, subject to such conditions as the Council may de^- 
mine; (e) ior the Bureau of Chemical Abstracts to be constdered ^ 
a Joint Committee ; and (/) fmr the Obairman the Kbiasy Com- 
mittee and of the J^blication Committee and also the Chaiiman of 



the Bureau a Fellow, or if not, a Fellow to be appointed by the 
Bureau) to ex-officio Members of Council. 

Under the new Bye-Law (to be numbered XIV) the Council seeks 
power to frame Standing Orders. 

The proposed alterations give the Council power to make excep- 
tions in special circumstances in dealing with the resignation and 
removal of Fellows; they provide that a retiring Vice*President 
shall not be eligible for re-election until after the lapse of one year, 
and that Ordinary Members of Council shall remain during their 
term of office in the category m which they are elected. These 
Bye-Laws affected by the suggested new Bye-Laws are to be r^u- 
larised, a verbal alteration in the Bye-Law dealing with the reading 
of certificates of candidates for election is to be made, and Bye- 
Law XX, which is no longer operative, is to be removed, 

. The motion was then put to the meeting and carried unanimously. 

At the Ordinary Scientific Meeting which followed the PBEsrDXNT 
referred to the loss sustained by the Society, through death, of the 
following Fellows : 


Gilbert J. Avey 

Beginaid A. Berry 

Egerton C. Grey 

William P. L. Hope 

Henry B. Hoytes 

Wilfred Irwin 

Alfred W.Mond 

Theopbilus Pitt 

Charlee Platt 

Hanzice S, SaLamoh 

Alfred Smetham 

Charles W. Walker Tisdale 

It was announced that : 


Elected. Died. 

Feb. 16th, 1922. Aug; 8th. 
Dec. 1st, 1898. Oct. 12th. 
Feb. 16th, 1922. Aug. 10th. 
Dec. 4th, 1924. Axxg. 28th. 
April 4th, 1889. May 7th. 
Dec. 6th, 1883. April 11th. 
May 5th, 1927. , Sept. 12th, 
Feb. 16th, 1882. Aug. 30th. 
Feb. 16th, 1893. June 14th. 
Dec. 3rd, 1908. Sept. 19th. 
Dec. 16th, 1875. Oct. 11th. 
June I6th, 1898, April 13th. 


1. The following presentations had been made to the Society : 

By the PreMdeat, medals struck in commemoration of the liebi^- 
WShler Celebrations, . 

- By Dr. E. W. Maddison, the Pasteur Medal. 

By Prof. H. E. Armstrong, photograph of group of chemists. 

By Lady Tilden, various framed photographs. . . 

2. The Annual GhemicM Dinner ‘would be held in the -Connaught 
Rooms, Great Queen Street, W.C. 2, on Friday, November 9th, 
1928j at 7 for 7.30 p.m. Tickets, price 12a. 6d; each, for lady or 
gentleman, including gratuities, but not wines, can be obtamed 
from ffir. F. A. Gr^ne^ Honorary Secretary, Amm al ■ Chemical 
I^bfaier, 1928, Chemical Industry CXub, 2, Whitehatt Court* S.W. 1. 
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3. A circulair letter had been, received regarding “The ITew 
International Association for Testing JVIaterials.’^ This Association 
was formed at a Congress held in , Amsterdam in 1927. In order 
to secure adequate British representation on the Association, a 
British Committee has been formed consisting of representatives 
appointed by a number of the most important British Institutions 
and Societies. 

This Committee has appointed Dr. W, Rosenhain, F.R.S., as 
British representative on the Permanent Cominittee of the Associ- 
ation, of which body he has been elected as a Vice-President, and 
four International Committees have been appointed to deal with 
the four Sections into which the work of the Association is to be 
divided, namely, (a) Metals, (6) Inorganic non-metallio materials, 
(c) Organic materials, and (d) Methods of testing. 

The annual membership subscription is 105. for individuals, and 
not less than £1 for societies, .firms, and other corporate bodies. 

Further particulars of the Association, and forms of applications 
for membership, can be obtained from Mr. 6* C* Lloyd, Honorary 
Secretary of the British Branch, 28, Victoria Street, S.W. 1. 

The following were formally admitted Fellows of the Chemical 
Sdciety : M. E. Birt, V. M. Thcam, B, Butterworth, W. L. Whiteley, 
A, Pollard, S. Murakami. ' j 

Certificates were read for the first time in favour of : 

Arthur Donald ALoley, B.Sc., Highfi^d House, Dobcross, Oldham. 

Kelson Alcock, Messrs. C« 0. Wakefield & do.. Ltd., Spring Street, Sydney. 
Bupchand Idlarsm Alimchandam, M.Sc.> Hamatak College, Dharwar, India* 
Simon Amsiell, S, Ely Terrace, Mile End Boad, B.: 1. 

William Bogie Angus, M.A., B.Sc., A.I.C., 3o, Guildford Street* Bussell 
Square, W.C. 1. 

William Brookes, 473, HalliweU Boad, Bolton. 

Duncan Arthur Campbell, M.Sc.Tech^, B.Sc., A.I.C., Boseleigh, Speldhurst, 
Tunbridge Wells. 

paries Ernest Chard, B.Sc., 53, Eleanor Bo^, Stratford, E. 15. . 

Joseph George Cockbum, B.Sc., 34, Cambridge Terrace, .Gateshead-oh-Tyne* 
George Cecil Cnunmack, 130, Ash Boad, Heculingley, Leeds. 

William Lei^ Dixon, 14, Melrose Boad,Merton Park,. S.W. 19; 

Shankar Magnath Godbole, Prof., M.Sc., College of Science, Kagpur, C.P., India. 
John Grant Gordon, 23, Jemor House, Hunter Street, W.C. 1. 

Frank Samuel Henry Head, B.Sc.,* 149, Fillebrook 3Koad, Xeytonstone, E.Tl. 
Bosalind Tenetia Henley, 9, Oxford Square, W. 2. 

Balph Anderson Jackson, B.A.., 46, St. Jameses B.6^, C^liifie. 

Zenab Kamil, Bedford College, Begent’s Park; N.W .1. 

Juliaa Hayn^d Leonard, 1, Lindfield Gardens, Hampstead, N.W. 3.. 

Charles Qm Marginson, B.Sc., The Homestead, Whit^takes, Preston., , 
Kottiazath Karayana Menon, M.Sc,, 55, Parliament Hili, 3. ' ' 

Albeit Edward Oxford, M.Sc., Ph.D"., 7, TalbotviUe Boad, Broad Green, 
Liverpool. 



Bonald Postell, B.A., 130, Saint John’s. Avenue, Bridlington. 

Alfred BusseU, B.Sc», The Queen’s Uhiversity, Belfast. 

Sidney John ^int, B.Sc., A.I.C., Government .Laboratory, Barbados. 

Bupert Henry Saunders, Littlecot, Windsor Boad, Slough. 

Harry Selikman, B.Sc., 46, Harpur Avenue, Benoni, Transvaal- 
Kantaal Maganlal Sbeth, M.Sc., Shree Shakti AlkaU Works, Dhrangadhra, 
Kathiawad^ India. 

Henry George Simpson, B.Sc., 21, Truro Boad, Wood Green, H. 22. 

William Soloinon^ B.Sc„ 14, Finsen Boad, S.E. 5. 

Cyril Gordon Stunner, M.Sc., 53, St. Thomas’ Boad, Chorley. 

Bamsimha Thakur, M.Sc., Mandia Fort, Mandla, C.P., India. 

Arthur Ernest Vau^an, jun., Quebec Lodge. Begent Boad, Birkdale, 
Southport. 

George Beginald Webster, 8, Marlboroogh Boad, Bearwood, Birmingham.. 
Margaret Katharine White, M.Sc., Northern Pcljiiechnic, N. 7. 

William Dudley Williams, B.Sc., F.I.G., Cia Industrial y Comercialde Petroleo, 
Canadon ^s^s, Gomodoro Bivadavia, Argentine. 

The following Certifloates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 

Alexander Lipworth, 23, Kerk Street, Johannesburg. 

Walter William Saw, B.Sc., c/o Vacuum Oil Co., Ltd., Perth, W. Australia. 

The f oUowing papers were read : 

“ Studies of dynamic isomerism. Part XXVUI. Absorption 
spectra of the ketonic and enolic forms of an a-diketone.” 
By T. M. Lowey, H. Mottbeu, and C. A. H. MacConkey. 
Explosions in . closed cylinders. Part I. Methane-air explosions 
in a long cylinder. Part 11. The effect of length of the 
cylinder.” By W, A. Bjekby and R. V. Whbeleb. 

“ Explosions in closed cylinders. Part III. The manner of move- 
ment of flame.” By O. C. de C. Elus and R. V. Wheelee. 
“ Pentanitroaniline.” By B. Elubscheim and E. L. Holmes. 

LECTURE. 

The first liversidge Lecture, entitled “Physical Chemistry in 
the Service of Biology,” will be delivered by Professor E. G. Donnan, 
O.B.E., D.So., E.R.S., in the Lecture Hall of the Institution of 
Mechanical Engineers, Storey^s Gate, S.W. 1, on Thursday, 
November 29th, 1928, at 5.30 p;m. Admission Free. Tickets will 
not b^ issued. 


ANNUAL REPORTS. 

The price of the Annual Reports for 1928, Vol. XXV, will be 
os. 6d. to those Fellows who apply by December 31st, 1928. 

. Application should be made to the Assistant Secretary, and must 
be aecompanied by a remittance. 



PAIlimAY LECTURES. 

The Faraday Lectures which hare been delivered before the 
Society since the Lectureship was founded in 1868 are now pub- 
lished in volume form. The volume contains twelve Lectures^ 
with portraits of the Lecturers, an obituary notice of Faraday, 
and a short history of the foundation of the Lectureship, The 
volume can be obtained from the Assistant Secretary, and the 
price to Fellows is 5a. 6d. post free. 


ABSTRACTS FOR 1929. 

{Prinied on one side of the paper only) 

Abstracts A ’’ (Pure Cheioistry) for 1929, printed on one side 
of the paper only, will be issued at the reduced price of £1 to those 
Fellows who make appKcatioii to the Assistant Secretary by 
December 31st, 1928. A remittance for £1 must accompany 
each application, and Fellows should state, when ordering, if they 
wish to receive the Abstracts gummed or ungummed. 


THE CHEMICAL SOCBBTT AS ITS OWN PUBLISHER, 

The Council has decided that as from December SIst, 1928, the 
Society sh«m act as ita own Publish^. All cohmaiunicatiohs regard- 
ing the publi^tions should, as from that date, be address^ to the 
Assistant Secretary, The Chemical -Society, Burlin^on House, 
Piccadilly, W.l. 


PUBLICATIONS OF OTHER SOCIETIES. 

FeUows of the Chemical Society who are not members of the 
Society of Chemical Industry, the American Chemical Society, or 
the Dutch Chemical Society, may procure the publications of these 
Societies for 1929 at the following prices : 

SOCPITY OF CHEmCAL 

(a) Abstracts in Applied Cbexoistry (exclusive of Index) . £1 10s: post free 
(5) Annual Beports of the Progress of Applied Chemistry 

for 1928 . • . - . . . : 10s. : . 

(c) Abstracts in Applied Chemistry (printed on one side ' 

of the paper only) - • • . • . £2, : >» 

Application should be made direct to the Secretary, Society of 
Chemicil Industry, 40 and 4t Finsbury Scjuare, and ^uM 

reach him by Slst December, 1928. Fellows recent abroeui should 
apply by return of mail. 
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AMEBICAN CHEMICAL SOCIETY 

(a) Joiamal of the American Chemical Society . . $7-25 post free 

(b) Chemical Abstracts . .. . - . . . $7*75 „ 

(c) Industrial and Engineering Chemistry . . - $7*25 „ 

Pnce for all three Journals : $18*00 post free. 

Price for any two Journals : $13*50 post free. 

(d) Chemical Beviews ...... $4*50 „ 

Application should be made direct to the Secretary, American 
Chemical Society, Mills Building, Washington, B.G., XT.SA.., and 
should reach him by December 31st, 1928. 

(£) Journal of Physical Chemistry .... $8*00 post firee 

Application should be made to the Journal of Physical Chemistry, 
Ithaca, N.Y., U.S.A. - ^ 


NEDEBLAlSrDSCHE CHEMISCHE VEBEENIGING 

(ct) Chemisch "Weekblad ...... El. 10*00 post free 

(&) Becueil des travaux chimiques des Pays Bas . . El. 11*50 „ 

Application to be made to Dr. A. D. Donk, Nederlandsche 
Chemische Vereeniging, Yerspronckweg, 100, Haarlem, Holland. 

2^01®. — A remittance, made payable ia the Society concerned, must occo7>i- 
pany each application. 


RESEARCH FUND. 

A meeting of the Besearch Fund Committee will be held in 
Pecemher next> Application for Grants, to be made on forms 
obtainable from the Assistant Secretary, must be received on or 
before Saturday, December 1st, 1928. Applications from Fellows 
will receive prior consideration. 

All persons who received Grants in December, 1927, or in 
December of any previous year, whose accounts have not been 
closed by the Council, are reminded that Eeports must be returned 
by December 1st. 


list of Papers, or Abstracts thereof, received between June 21st 
and October 18th, 1928. (This list does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal,). 

“ Mineral trees ; their formation and significance.’’ By M. 

COPISABOW. 

“ The influence of solvents on the rotation of optically active 
compounds. Part XXVI. The optical activity of ma,lic acid 
in the presence of sodium molybdate.” By T. S. Patteeson 
and C. BYCfHA5rA5f. 
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“ Colour and constitution. Part IV. The absorption spectra of 
nitrophenylhydrazones in alcohol and alcoholic potash.” By 
H. H. Hodgso:^ and K. E. Cooper. 

“ Determination of the pressure and density of saturated ammon- 
ium bromide vapour.” By A. Smits and E: PubobiZ;. 

Some complex salt studies. Part I. The preparation and 
properties of some selenitopentamminecobalt salts.” By 
H. L. RmsY. 

"" The iodometric estimation of iron.” By E. C. Grey. 

“ The nature of hexagonal chromium.” By A. J. Brabley and 
H. Muller. 

1 : 3-I>ichlorobenzene-4 : 6-disulphomc acid and its salts.” By 

E. B, Kidsor. 

Selective solvent action. Part VII. Solubilities in mixed 
solvents.” By K Gregg- W iLSOiff and E. Wright. 

Note on the formulation of dissymmetric diphenyl derivatives.” 
By E. J. W. Lb ESiyre. 

“ The heat of adsorption of oxygen on charcoal. Part IDE.” By 
D. McEie. 

“ The condensation of fluorene with acetone.” By P, Maitlaitd 
and S. BE. Ttjckbr, 

The acylation of diazomethane : The effects of variations in the 
conditions on the extent of formation of chloroaeetophenone 
from benzoyl chloride.” By W. Bradley and G. Schwarzeh- 

BACH. 

The ionisation of aromatic nitro-compounds in liquid ammonia. 
Part n,” By W. E. Garner and H. F. Gillbe. 

“ The interaction of acids and neutral salts with stannic oxide and 
its relation to electrical charge.” By B. N. Ghosh. 

The chemistry of the 1 : 3-dicarbonyl compounds. Part I. The 
mechanism of the cyanoacetamide and cyanoacetic ester con- 
densations,” By J, C, Bardhan. 

Studies in the composition of coal. The rational analysis of 
coal,” By W. Francis and E. V. Wheeler, 

“The condensation of chloral with 2 : 6-dichloroquinoL” By 

F. D. Chattaway and F. Calvet. 

“ Some substitution products of azobenzene.” By J, Burns, 
H. McCombie, and H, A. Scarborough. 

“ Acid and salt effects in catalysed reactions. Part XVII. The 
variation of the catalytic activity of an acid with its concen- 
tration and the determination of ionisation constants.” By 
H. M. Dawson, G. V. Hall, and A. Key, 

“ On active nitrogen. Part V. (Amended.) The decay of the 
nitrogen afterglow.” By E, J. B. Willey. 
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“ The additioa of halogens to xmsaturated acids and esters. Part 
n. 13ie addition of ‘ bromine chloride ’ to phenylpropiolic 
acid and the interaction between the apt-dihalogenocinnamic 
acids and the halogens.’’ By N. W. Hanson and T. 0. James. 

“ The condensation of chlor^d mth anisic acid and with p-nitro- 
anisole.” By F. D. CHATTAWAy and F. Calybt. 

“ The condensation of pyroeal^hol with dichloroacetic acid. 
2 : 2'-I>ihydroxydiphenoxyacetic acid.” By H. A. A. Aitken. 

“ The partial substitution of polyhydric alcohols* Part VII. The 
unreliabiKty of structure in disubstituted ^cerols.” By A. 
Faxeboueke and 6. W. Cowdeey. 

“ The interaction of ethyl acetoacetate with distyryl ketones. 
Part IV. Selective addition to imsymmetrical chlorodistyryl 

‘ ketones.” By I. M. Heilbron and B. Hjll. 

“ The production of thiophen by the interaction of acetylene and 
. carbon disulphide.” By H. V. A. Briscoe, J. B. Peel, and 
P. L. Eobinson. 

“ The reactions of hydrogen chloride with the dioxides of selenium 
and tellurium between 0° and 170®, with special reference 
to alleged addition compounds.” By T.> W. Parker and 
P. L. Eobinson. 

“ Note on paper by Hartley and Barrett on ‘ The determination 
of the density of liquids.’ ” By J. Gbinbley. 

“ On active nitrogen. Part VT. "Hie formation of iron nitride 
in the iron-nitrogen arc.” By E. J. B. Willey. 

“Determination of the pressure and density of moist saturated 
ammonium chloride vapour.” By A. Smits and W. be 
Lange. 

“ The inhibition of chemical reactions. Part H. The mechanism 
of the inhibition of esterification by alkaline substances. Part 
m. A suggestion with regard to antioxygenic action.” By 
K. C. Bailey. 

“ An X-ray examination of the potassium salts of the monobasic 
fatty aci<^.” By S. H. Piper. 

“ Adsorption of vapour on a quartz- and glass wail.” By A. Smits. 

“ The synthesis of four amino-3-hydroxy-l : 4-benzifiooxazmes. By 
6* Newbbey and M. A. Phillips. 

** HeterocycHc compounds containing arsenic. Part II. Deriv- 
atives of 1 ; 4-beiiz25coxazme.” By G. Newbeey, M. A. 

^ Phillips, and E. W. E. Stigkings. 

“ Heterocyclic compounds containing arsenic. . Part HI. Some 
derivatives of 4-ainino-3-hy<fcoxyphenylarsmic acid.” By 
I, E- Balaban. 

“Molecular structure in solution. Part IV. The densities, vis- 
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cosities, and electrical conductivities of aqueous solutions of 
cobalt chloride and hydrochloric acid at different temper- 
atures.” By O. R. Howell. 

** The nitration of o-bromoacetanilide.” By C. S. . .Gibson and 
J. D. A. Johnson. 

The dependence of rotatory power on chemical constitution. 
Part XXXm. The resolution of d?-m-carbo 3 yphenyl ethyl 
sulphoxide and of dU w-earboxyphenylethylsulphine-p-toluene- 
sulphonylixnine.” By J. Holloway, J. Kenyon, and H. 
Phillips. 

The decay of the nitrogen after-glow.” By W. C. Bbay and 
T. R. Hognbss. 

“ The reaction between the dioxides of sodium and tellurium.’ 
By T. W. Paskeb and P. L. Robinson. 

“ Researches on indoles. Part. I. 5 : 6-Dimethoxy-2-methyl- 
indole.” By P. Lions. 

“ Some trimethoxyquinoline derivatiYes.” By F. Lions. 

“ Glucosides. Pajrt I. The formation of glucosides from 3:4:6- 
triacetyl glucose-1 : 2-anhydride.” By W. J. HiCKiNBOTroM. 

An attempt to prepare selenium oxyfluoride by distillation of 
hydrogen fluoride with selenium dioxide.” By J. 0. Millott 
and E. B. R. PEODEAxrx:. 

” The acetylation of diethylene oxide.” By Miss M. -llACfLEOD. 

The reduction of nitro-compounds by aromatic ketols. Part II. 
Some o-, and p-azoxy-compounds.” By H. B. KTisbet. 

“ The effect of the spatial position of substituent groups on acidic 
strength.” By B. FLtHSCHmM:. 

“ Nitroarylsulphuric acids and their reduction products.” By 
G. N. Bxjbkhabdt and H. Wood* 

“ The infra-red emission spectra of flames in nitrous oxide.” By 

- G. R. Bailey and Ktjn-Hou Lih. 

*‘orifeo-Sulphinobenzoic acid.” By W. B. Pbice and S. Smiles. 

Carbon sulphidoselenide,” By H. V. A. Bbiscoe, J. B. Peel, 
and P. L. Robinson. 

“ The chlorination of anilides. Part V. The significance of 
velocity measurements in relation to the problem of benzene 
substitution {continued^* By A. E. Bbadeielb and B. Jones. 

“ A gas oirculatmg pump.” By G. Babb. 

** A study in the 2-substituted derivatives of p-cresol.” By M. 

* OOBESAEOW. . * 

‘‘ Surface oxidation of aluminium, tungsten, and molybdenum.” 
By L. C. Bannister. . 

The alkaloids of some Indian acpnites. Part II. Pseud- 
aconitine.” By Ti M. Shabp. 



“ Synthefcieal experiments in the wofliavone group. Part III. A 
synthesis of genistdn.” By W. Bakbb and B. Bobinson. 

“ Acid and salt effects in catalysed reactions. Part XVIII. The 
dynamics of anto-catalysed ester hydrolysis.’^ By H, M. 
Bawsoi? and W. Lowson. 

‘‘Synthesis of oxydehydrocorydaiine.” By J. B; KoBBSu and 
W. H. Pbekest. r . 

“ On the constitutidn of laurotetanine.” By 6i BAl6i03BE and B. 

- SiLBEBSCHMIPT. ^ U * 

“Heterocyclic compounds containing arsenic. Part W; .Some 
urea derivatives of arylarsinic * acids.” By B. W. E. 
StICJKESiOS. 

“ Stability of ferrous sulphate solutions and their use in standardis- 
ing permanganate.” By J. A. N. Feiexp and E. G. K. 
Peitcjhbtt. 


ABBITIOJS^ TO THE LIBRABY. 

I. Domtiona, 

. WAmEB Mbsstbst. The principles and practice of the 

dilution method of sewage disposal. Cambridge ,1928.. pp. xii + 
161. iU. 125. 6d. net. 22/6/28.) 

From the Syndics of the Cambridge University Press. 
Ameeican On* Chemists’ Society. Oil and Fat Industries. 
VoL V, etc. Kew York 1928 +. (Eeference.) 

From the Bureau of Chemical Abstracts. 
Bailey, 6eoroe .Hebb.ebt, and SnellgbovEj Bouglas Bose- 
BEBY. Inorganic chemistry. VoL I. Non-metals, London 1928. 
pp. viii -f 488. ill; 65. 6d. net. {Reed, 14/9/28.) . 

From the Publishers : University Tutorial Press. 
Gavbn, Bobert MABTi]sr,.and Cranston, John Arnold. Sym- 
bols and formulae in chemistry. An historical study. London 
1928. pp, x + 220. ill. 155.net. (iJecd. 21/9/28.) 

From the Publishers : Messrs.. Blackie & Son. 
Chemical Enginbeeing and Mining Bevebw. Vol. XX, etc. 
Mdbouyne 1928 +. {Referejice,} 

iVom the Australian Chemical Institute. 
[Claek, William Mansexeld, and others.] Studies on osd- 
ation-reduction. I— X. Washington 1928. pp. / vi 363. ill. 
{Reed, 23/6/28.) From the Authors. 

Behnicee, Johann. Laboratoriumsbuch fur die Brennerei- 
Industrie. Halle (Saale) 1928. pp. xii + 292. ill. M, 17.80. 
{Reed. 3/10/28.) From the Publisher : Heir Wilhelm Eaapp. 
Bunstan, Albert Ernest. Cantor lectures on scientific founda- 
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tions of the refining of petroleum. . London 1928. .pp. 95., ill. 
3»., net. {Eecd. 19/7/28.) From the Author. 

EOESCHTTNfJSIlffSTEETJT JUB GeSOHICHTE BBR. . NaTTJBWISSEN- , 

scHAFTEir IN' BebIiIN. Eistet Jahresberioht, etc. Berlin. 1928 +• 
{Refere'^.) From the Director. 

Gbben, StaIstley Joseph. Industrial catalysis. London 1928. 
pp. xii + 507. m. 50s. net. {Becd. 22/6/28.) 

From the Publishers ; Messrs. Ernest Bemi. 
Hatschek, Emil. The viscosity of liquids. London 1928. 
pp. 3di + 239. ill- 15?. net. (Reed. 5/10/28.) 

From the Publishers : Messrs. G. Bell & Sons. 
Henlb, Franz Wilhelm. Anleitung fur das organisch-ohemische 
Praktikum. 3rd edition. Leipzig 1927, pp. xii + 308. ill. 
if. 14. (Becd. 20/8/28.) 

From the Publishers : Akademische Verlagsgesellschaft. 
Hooaet, R. Probtemes et calouls de ohimie generale. Paris 
1928. pp. X + 181. . ill. 30 /r. {Reed. 

From the Publishers : MM. Gauthier- Villars & Cie. 
KATSEB-WlEHEIJa-lNSTirUT PUB SlLTKATPOBSCHUNG IN BbELIN. 
Dahlem. VerOffentlichungen. Vol. I. Berlin 1928. pp. viii -4- 
269. (Reference.) ill. . From the Institute. 

Kingzett, Charles Thomas. Chemical encyclopaedia : an . 
epitomized digest of chemistry and its industrial applications. 4th 
edition. London 1928. . pp. yiii rh 808. (Reference.) 35a. net. - 

From Professor J. F. Spencer. 

, Bjremann, a. La ehimie d’hier et d’aujourd’hui. Paris 1928. 

pp. viii + 148. ill. 15 /n (Reed. 5/10/28.) 

From the i^blishers : Messrs. GauthierryiUars & Cie. 
Knibbs, Nobman Viotob. Sydney. The industrial uses of 
bauxite : with an account of its origin, occurrence, composition and 
properties. London 1928. pp. 141. 21a. net. (Reed. 22/6/28.) 

. From the Publishers : Messrs. Emest Benn. 
Kolthoff, I. M., and Menzel, H. Volumetadc analysis. An 
authorized translation based upon the German edition by N. 
Howell Fubman. VoL. L. New York 1928. pp; .xviii + 289. 
m. 15 a. net. . (Becd. 19/9/28.) . 

From the London Publishers : Messrs.: Chapman & Hall. 
Kossel, Albbecht. The protamines and histones. Translated 
from the original German manuscript by Whjham Veale Thobpb. 
London 1928. pp. xii •+• 107. 95. net. {Bedf. 20/9/28.) 

From the.Publishers.: Mes^. Longmans, 6reen.&:Co. 
■ Liebig, Justus von. ■ Experimentalchemie. Vorgetragen von 
Prof. Dr. V. Liebig. 1848. [Facsimile reproduction of August 
Kekiil4’s notebook. Darmstadt 1928.] pp. 346. ill. (Reference.) 

From Professor Dr. E. BerL 



Lttnqe, Qbobge, and Ekaste, Ghasucs Alexakdeb. Technical 
methods of chemical analysis. 2nd edition. Edited by ChasIiES 
Aii£!SA.KDBB Keaee and Pebct Cyril Lesley: THCffiKB.. Vol. n. 
Londo n 1928. pp. xx + 644. ill. {Reference.) 68 a. net.' 

From the PubMiers : M^sra. Gnmey & Jaokson. 
Martiedale, Willtatb Habeisoe, and Wbstcott, William 
Wynn. The extra pharmacopoeia. 19th edition., VoL I. 
London 192 8. "pp. Kxw i 4 - 1207. (Reference.) 27s. 6d. net. 

From the Publishers : Messrs. H. K. Lewis & Co. 
Mensohutkin, Nikola i Alexandrovich. Analytical chemistry. 
Moscow 1928. pp. 528. ill. [In Bussian,] ; (Eeed. 4/7/28.) 

From -Professor B. N. Menschutkin. 
Mond Nickel Co. The Mond Nickel Bulletin. A summary of 
current information on nickel. Vol. I, etc. London 1928 +. 
(Reference .) From the Director of Besearch. 

jMorton, Btchard Alan. Badiation in chemistry. London 
1928. pp. xvi + 284. ill. 15s. net. (J?ecd. 5/7/28.) 

From the Author. 

Besearch Association of British Paint, Colour, and V aenish 
Manufacturers. Beview of current literature relating to the 
paint, colour, and varnish industries. No. 1, etc. Teddington 
1928 +. (R^erence .) BVom the Director. 

Besearch Association of British Bubbeb and Tyre Manu- 
facturers. Library catalogue. Cambridge 1927. pp. 210. 
Reference.) From the Director. 

Beynolds, Wttj.tatw Colebrook. Atomic stiracture as modified 
by oxidation and reduction. London 1928.' pp. viii + 128. ill. 
7 s. 6 d.net. (Beci. 16/7/28.) From the Author. 

Broth, Ei^st Ellsworth. Aluminum compounds in food. 
New York 1928. pp. xii + 378. $7 net. (Reed. 7/9/28.) 

Frcnn the Author. 

Stott, Vebney. Volumetric glassware. London 1928. pp.232. 
ill. 20s. net. (Reed. 29/9/28.) 

From the Publishers : Messrs. H. F. & 6. Witherby. 
SvBDBERG, Tee. Colloid ehemistry. 2nd edition. Bevisedand 
enlaced in collaboration with Arne Tiselcus. New York 1928. 
pp, 802 . m. «6.50net. (Becd. 13/9/28.) 

From the Publishers : The Chemical Catalog Cranpany, Inc. 
-Tables Annuelles de Constantes et donn4es num4riques de 
chimie, de physique, de biologie, et de technologie. Vol. VI. 
1923 — ^1904. Part ii. Paris 1928. pp. xxx, 681 to 1675. 

(Reference.) From the Comity International. 



P R O C E E D I N G S U3 


OF THE 

CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, November 1st, 1928, at 
8.0 p.m., ftofessor J. F. Thokpb, G.B.E., D.Sc., F.B»,S., President, 
in the Chair. 

The President referred to the loss sustained by the Society, 
through death, on October 13th, of Edward John Wall, who was 
elected a FeUow on June 19th, 1919. 

The following were formally admitted Fellows of the Chemical 
Society : Robert H. Jeffers, Wilson Baker, A. Robertson, William 
Bleloch, R. J. Winterton, T. R. Seshadri. 

Certificates were read for the first time in favour of : 

Owen Stanley Brettle, Red Hall Road, Lower Gornal, Dudley. 

Albert James Butterworth, B.Sc., 44, Hind Street, E. 14. 

Aaron Cohen, B.Sc., 114, Langdale Mansions, E. 1. 

Arthur William Martin Dickins, 2, Rotherwick Court, Golders Green, N.W, 4, 
Allan Domleo, M.Sc., Charnwood, Southfield Park, Harrow. 

Constance Mary Groocock, B.Sc., 25, St. Peter's Mount, Bramley, Leeds. 
Gerald XTern Hopton, B.A., 25, Museum Road, Oxford. 

Joe Arthur Jessop, B.Sc., 2, Bradley Terrace, Shadwell Lane, Moortown, 
Leeds. 

Jason Thomas William Mann, A.R.C.S., The Homestead, Burcharbro Road, 
Abbey Wood, S.E. 2. 

Albert Edward Martin, B.Sc., 47, Mildmay Grove, N. 1. 

Kellie Patterson, 23, Ferndene Road, Heme Hill, S.E. 24. 

Albert Fred Tipler, B.Sc., 13b, Harley Street, Bow, E. 3. 

TekuznaUa Venkajee, B.A., Rajahmundry, Madras Presidency, India. 
William Francis Henrick W 3 nme-Jones, The University, Reading. 

The following papers were read : 

Surface oxidation of aluminium, tungsten, and molybdenum.” 
By L. C. Bannister. 

“ Synthetipal experiments in the t^oflavone group. Part ni. A 
synthesis of genistein.” By W. Baker and R. Robinson. 
Anl^oxanthins. Part X. A synthesis of gossypetin and of 
quercetagetini” By W. Baker, R. Nodzu, and R. Robinson. 
The electrical conductivities of some uni-univalent salts in benzo- 
nitrile. Evidence for the incomplete dissociation of strong 
electrolytes and the applicability of the law of mass action to 
their dissociation.” By A. R. Martin. 
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Ordinary Scientific Meeting, Thursday, November 15th, 1928, at 
8 p.m.. Professor J. F. Thorpe, D.Sc., F.P.S., President, in 

the CJhair. 


The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 


Douglas J. P. Berridge. 

Albert Clarke 

John W. Patterson . . . . 

Walter Tate 

Edmund White 

John Wild 


June 15th, 1893. Nov. 11th. 

Dec. 2nd, 1920. Oct. 7th. 

Dec. 5th, 1912. Oct. 3rd. 

Dec. 18th, 1884. Sept. 8th. 

Feb. 17th, 1927. Nov. 3rd. 

May 7th, 1891. Sept. 28th. 


It was announced that 


1. Professor Samuel Smiles had presented a medal struck in 
commemoration of Moissan and his isolation of fluorine. 

2. Professor C. S. Gibson, Mr. A. J. Greenaway, Dr. J. T. Hewitt, 
and Professor G. T. Morgan, together with Dr. T. Slater Price 
(Treasurer), had been appointed by the Council to represent the 
Society on the Bureau of Chemical Abstracts for the year 1928 — 
1929, and that Professor A. J. Allmand, Professor J. Kendall, and 
Professor F. 6. Donnan would represent the Society on the Editorial 
Board of the Journal of Physical Chemistry for the year 1929, 
together with Dr. E. K. Rideal, appointed by the Faraday Society. 

3- The Railway Companies had granted special facilities by 
which Fellows and others attending the Anniversary meetings in 
Leeds on March 21st, 1929, will be enabled to travel by rail to Leeds 
from any part of the country at the rate of an ordinary single fare 
and one-third for the double journey, provided that not less than 
200 avail themselves of the cheap tickets. Tickets will be available 
from March 20th to 22nd. Those desiring to avail themselves of this 
privilege must apply to the Assistant Secretary for a voucher, 
which must be surrendered to the Booking Office when purchasing 
the ticket. 

Ftill particulars of the arrangements for the meetings will be 
announced later. 

4- The Council had decided that a copy of the portrait of Liebig 
(the gift to the Society of Mrs. Alec Tweedie) should be presented 
by the Council and Fellows to the (German Chemical Society. Any 
Fellow desiring to subscribe to the cost of the copy should send his 
contribution to the Treasurer. 

5. The Centenary of the birth of Paul Schutzenberger will be 
celebrated in Paris towards the end of 1929. A Fund has been 
formed in Paris by the Centenary Committee, and the income from 
this Fund will be devoted to the award of grants and prizes for 
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scientific industrial research. Fellows desiring to subscribe to the 

Fund are invited to send their contribution M. le Professeur G. 

Urbain, Secretaire General, 1, Rue Victor Cousin (Sorbonne), Paris. 

The following were formally admitted Fellows of the Chemical 

Society : — C. Gull and P. L. Robinson, 

Certificates were read for the first time in favour of : 

Charles Milla Cawley, B.Sc., A.B.C.S., 69, Itichmond Road, Gillingham. 

Sydney William Challinor, B.Sc., The Rosary, Myvod Road, Wednesbxiry. 

Frederick Hum Constable, M.A., B.Sc., Ph.D., St. John’s College, Cambridge. 

Ranchhodji Dajibhai Besai, B.A., M.Sc., 21, Cromwell Road, South Kensing- 
ton, S.W. 7. 

Amarendra ISath Bey, M.Sc., 153, Chamberlayne Road, Kensal Rise, N.W. 10. 

Bdward Thomas Mervyn Garlick, M.Inst.C.E., Block Chcunbers, Little Malop 
Street, Geelong, Victoria, Australia. 

Frederick Hemming, 15, Nightingale Road, Southsea. 

Henry Malcolm Forrest Hughes, 37, High Street, Smethwick. . 

Elfed Thomas Jones, B.Sc., 149, Fillebrook Road, Leytonstone. 

Abbas Mousa Mousa Mandour, 24, Hill Top Mount, j^rehills, Leeds. 

Leslie George Brett Parsons, B.Sc., A.R.C.S., 73, Lynton Avenue, Ealing. 

Millicent Mary Theodosia Plant, B.Sc., 55, Willenhall Road, Bilston, StajSs. 

Sydney Walter Slaughter, B.Sc., 90, Westcliff Park Brive, Westcliff. 

Ethel Gertmde Teece, B.Sc., Grafton, Moxley Road, Barlaston, Sta:Us. 

Harry Augustus Thomas, B.Sc., 42, Cole Valley Road, Hall Green, Birmingham. 

Clarence Sydney Woolvin, B.Sc., 35, Wyley Road, Radford, Coventry. 

Winifred Mary Wright, M,A., Ph.B., Shaftesbury House, Shaftesbury Road, 
Cambridge. 

The following Certificates have been authorised by the Council 

for presentation to ballot under Bye-Law I (2) : 

Shankar Lai Jindal, Prof., M.Sc., 101/118, Talag Mahal, Oawnpore. 

Benjeunin Stuart Paschall, M.B., 1014, American Bank Building, Seattle, 
Washington, Xr.S.A. 

Taizo Yamashita, Prof., Asamacho 4, Mukden, China. 

The following papers were read : 

“ The densities of butyric acid-water mixtures."’ By J. Gbindley 
and C. R. Bury. 

“ Studies of valency. Part XII. Isomeric derivatives of diethyl 
telluride.” By F. L. Gilbert and T. M. Lowry. 

“ Studies of valency. Part XIII. Further experiments on the 
molecular structure and configuration of the quadrivalent 
derivatives of tellurium.” By T. M. Lowry and F. L. Gilbert. 

The effect of intensive drying on certain physical properties of 
benzene.” By H. V. A. Briscoe, L B. Peel, and P. L. 
Robinson. 

‘‘ The passivity of metals. Part IE. The breakdown of the pro* 
tective film and the origm of corrosion currents.” By U. R. 
Evans. 
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list of Papers, or Abstracts thereof, received between October 
18th and November 15th, 1928. (This List does not include the 
titles of papers which have been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal.) 

“ The structure of the normal monosaccharides. Part V. 

Lyxose.” By E. L. HntST and J. A. B. Smith. 

“ Heterocyclic compounds of arsenic. Part V. Benziminazole 
arsinic acids.” By M. A. Phillips. 

“ The Budde effect in bromine.” By E. Matthews. 

Studies in the composition of coal. The active decomposition- 
point of coal.” By R. Holeovd and R. V. Wheeleb. 

Note on the rate of photochemical combination of chlorine and 
hydrogen in glass capillary tubes.” By D. L. Chapmah and 
P. P. Grigg. 

“ Derivatives of diphenyl-2-carboxylic acid.” By P. Bell. 

“ Crystallography of the aliphatic dicarboxj^lic acids.” By W. A. 
Caspaei. 

Influence of poles and polar linkings on the course pursued by 
elimination reactions. Part II. Mechanism of exhaustive 
methylation ” {continued). By C. K. Ingold and C. 0. N. 
Vass. 

“ Influence of poles and polar linMngs on the course pursued by 
elimination reactions. Part III. A decomposition of dialkyl- 
sulphones.” By G. W. Fenton and C. K, Ingold. 

“ An attempt to prepare i^oindoie.” By G. W. Fenton and C. K. 
Ingold. 

“ Hydroxy-derivatives of thioxanthone dioxide.” By W. B. Peice 
and S. Smiles. 

The infra-red emission spectra of burning sulphur compounds.” 
By C. R. Bailey and Kxtn-Hou Lih. 

oxidation of dipinene.” By L. H. Bkiggs and W. F. 
Short. 

** Experiments on the degradation of quaternary ammonium 
salts.” By T. S. Stevens, E. M. Creighton, and A. B. 
Gordon. 

” The migration of radicals in quaternary ammonium salts. Part 
I,” By T- S. Stevens and M. MaoNicol. 

‘‘ Researches in the menthone series. Part VI. The crystallis- 
ation of menthylamines with optically active acids.” By J. 
Read, C. C. Steele, and P. G, Caster. 

“ Esters of phosphoric acid. Part I. Cetyl and cholesteryl phos- 
phates.” By R. H. A. Plimmeb and W. J. N. Btjrch. 

“ Esters of phosphoric acid. Part 11. The action of ethyl meta- 
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phosphate on alcohols.” By R. H. A. Pummeb and W. J. N. 
BtTECH. 

Esters of phosphoric acid. Part III. The action of ethyl meta- 
phosphate on ammonia and some amino-compoimds.” By 
R. H. A. Plimmeb and W. J. N. Bxjbch. 

Esters of phosphoric acid. Part IV. Hydrolysis by acid and 
alkali.” By R. H. A. PniMMEB and W. J. Bxjboh. 

“ Esters of phosphoric acid. Part V. Phosphoric esters of chlor- 
ethyl alcohol and glycol.” By R. H. A. PmoiEB and W. J. N. 
BtTRCH. 

Replacement of halogen in ortAo-bromobenzoic acid.” By 
W. R. H. Httbtley. 

“ The solubility of sodium ferrocyanide in water between 0° and 
100°.” By J. A. N. Friend and J. E. Townley. 

The interaction of piperidine with nitro- and halogeno-nitro- 
derivatives of xanthone and diphenylene oxide.” By R. J. W. 
Le FisvBB. 

On the electrical behaviour of surfaces of corroding iron.” By 
A. L. McAttlay and S. H. Bastow. 

Stereoisomerism of disulphides and related substances. Part III. 
Some pairs of aromatic disulphoxides.” By E. V. Bell and 
G. M. Bennett. 

“ The thermal decomposition of ammonia with reference par- 
ticularly to the Baly-Duncan effect.” By W; A. Stbing- 
EBLLOW, 

” Researches on residual afGbuity and co-ordination. Part XXXI. 
Molybdyl bis-p-diketones.” By 6. T. Morgan and R. A. S. 
Castbll. 

“ The mechanism of corrosion,” By U. R. Evans. 

Carbocyanine dyes with substituents attached to the three-carbon 
chain.” By F. M. Hameb. 

“ The condensation of dichloroacetaldehyde with phenols.” By 
F. B. Gecattaway and A. A, Morris. 

Colloidal platinum. Part V. The coagulation by electrol 3 rtes in 
acid solution.” By S. W, PENNYOUicas:. 

Colloidal platinum. Part VE. The nature of the surface of 
colloidal platinum particles, and the action of bases thereat.” 
By S. W. Pennyottick. 

“ Colloidal platinum. Part VII. The coagulation by electrolytes 
in basic solution.” By S. W. Pbnnyctiick. 

Studies in ketol-lactol tautomerism. Part I. Ring-chain 
tautomerism in a-carboxy-pp-dhhethyl-y-acetylbutyTic acW 
and a synthesis of pp-dimethyl-y-acetylbut 3 nric acid.” By M. 
Qitdrat-i-kitda. 
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“ The action of aromatic acid chlorides on vinyldiacetoneamine.” 
By J. Gbaymore. 

The rotation dispersion and circular dichroism of caryophyllene 
nitrosite.” By S. H^IrrcHELL. 

Anthoxanthins. Part VUE. A synthesis of morin and of 
5:7 : 2' : 4'-tetrahydroxyflavone.” By R. Robinson and K. 

‘‘Anthoxanthins. Part IX. Syringetin.” By T. Heap and R. 
Robinson. 

“ Properties of conjugated compounds. Part \T. The dibromin- 
ation products of cyclic butadienes.” By E. H. Fabmeb and 
W. D. Scott. 

“ The catalytic hydrogenation of different types of unsaturated 
compoimds. Part IV. The hydrogenation of conjugated 
systems. Piperinic acid.” By S. V. Lebedev and A. O. 
Yakttbchik. 

“ Synthetical experiments in the chromone group. Part I. A new 
synthesis of 7 : 8-dihydroxy-2-methylchromone and 7 : 8-di- 
hydroxyflavone.” By K. Veneataraman. 

“ The action of acids upon diazoaminobenzene.” By J. C. Eard. 

“ Aminobenzthiazoles. Part XI. The effect of substituents on 
the Hugershoff transformation in derivatives of thiocarb- 
anilide.” By 6. M. Dyson, R. F. Hunter, and C. Soyka. 

“ Observations on the chlorination products of pp'-dichlorodiethyl 
sulphide. Part II.” By J. W. C. Phillips, J. S. H. Davies, 
and S. A. Mumford. 

“ Reduction products of the hydroxyanthraquinones. Part Vlil.” 
By R. W. Hardacrb and A. G. Perein. 

“Interactions of selenium oxychloride and phenols.” By 6. T. 
Morgan and F. H. Burstaxl. 


FORMS OF CAFTDIDATES FOR ELECTION AT THE BAIxLOT 
TO BE HELD AT THE ORDINARY SCIENTIFIC 
MEETING ON THURSDAY, DECEMBER 6th, 1928. 

Auffiar, AamcnB Donaxj>, Hjghfield House, Dobcross, nr. Oldham. 
English. Research Student. B.Sc. (1st Class Hons.), Manchester. {Signed 
hy) Arthur Lapworth, Frederick Challenger, L. EHein, Arnold T. Peters* 
Alice 0. Kellett. 

AXX30CE, Nelson, c/o Messrs. C. C. Wakedeld & Co., Ltd., Yorkshire House, 
Spring St., Sydney, Australia. British. Analytical Chemist. Pour years 
as articled pupil to Mr. F. BEigson, Manchester. Four years as Chief Chemist 
to Messrs. Huxley & Co., Oil Merchants, Liverpool. Nine years as Works 
Chemist to Messrs. 0. C. Wakefield & Co., Ltd., Wakefield House^ 30/32 
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Cheapside, London, E.C. 2,, at their Liverpool works, (Signed hy) Grove 
Johnson, B. A. Evans, Harold Moore. 

A T.TM- fi TT. A-Km A -NTT, RiTPCfHAiTD LUiAHAM, Kamatak College, Dharwar, India. 
Indian. Lecturer of Chemistry. M.Se. (Bombay). (1) Ten years’ experience 
of Chemistry in Colleges. (2) Joint or independent author of the 

following papers : (i) “ Derivatives of Gallic Acid,” etc., Parts I and II 
(J.<7.^., 1920, 117; 1921, 119); (ii) “Properties of Neighbouring Hydroxy- 
groups attached to a Benzene Nucleus ” (J.G.iS'., 1924, 125, 539) ; (iii) “ The 
Beduction of the Group -CH{OH)*CCl 3 ” («/. Ind. C.5., 1925, II, 1). (Signed 
by) A. N. Meldrum, A. R. Normand, M. Prasad. 

Amsteix, Simon, 3, Ely Terrace, Mile End Bd., E. 1. British. Research 
Student at East London College. (Signed hy) J. B. Partington, D. C. Jones, 
W. H. Patterson. 

Angus, Wtt.ttam Bogie, 11, ChattEux Place, Aberdeen, Scotland. British. 
Research Student in Chemistry, University College, London. M.A., B.Sc. 
(Aberdeen), A.I.C. One year’s research at Aberdeen University on “ The 
Stability of Racemates.” (Signed hy) Alex Findlay, F. G. Donnan, T. Harold 
Beade, B. B. Strathdee. 

Bhettlb, Owen Stanuby, Red Hiall Road, Lower Ck>mal, nr. Dudley. 
British. Assistant Gas Engineer and Manager. Nine years’ practical 
experience in the chemical and techniccd control of chemical and gasworks 
plant. Five years’ Assistant Engineer and Manager of Sedgley Gas Depart- 
ment, with extensive experience in chemical and technical matters relative 
thereto. Three years’ experience in the constructional side of chemical plant. 
Holder of numerous certificates (Ordinary and Advanced Grades) of theor- 
etical and practical inorganic chemistry, gas engineering, electrical engineer- 
ing, and building science. Teacher of building science tmder Wolverhampton 
Technical College. (Signed hy) Joseph Poulson, T. H. Poulson, Ernest 
Hatdiker. 

Bbooxs, William, 473, Halliwell Road, Bolton, Lancs. English. Manu- 
facturing Chemist. Thirty years’ experience as a Manufacturing Chemist. 
One of the two founders in 1906 of the firm of Marsh, Brooks & Co., Bolton, 
specialists for the supply of pharmaceutical preparations for the medical 
profession. (Signed hy) Harcourt Phillips, Jno. L. Whiteside, Thos. 
AspinaU. 

Buxtebwobth, Albebt James, 44, Hind Street, E. 14. EngHsh. B.Sc. 
(London). Student at East London College since Sept. 1926. (Signed by) 
J. R. Partington, W. H. Patterson, D. 0. Jones, F. E. King. 

Campbell, Duncan Abthub, Roseleigh, Speldhurst, Tunbridge Wells, 
Kent. British. Lecturer of Chemistry. M.So.Tech. Manchester, B.Sc. 
London. Blackpool Technical School, 1922-26. Lincoln Technical College, 
1926-pre8ent. Associate of Institute of Chemistry. (Signed by) J. B. Firth, 
B. D. Shaw, E. B. R. Prideaux, F. S. Kipping. 

Chabd, Chabues Ebnest, 53, Eleanor Rd., Stratford, E. 15. English. 
Teibcher (Science Master). B.Sc. London (1st Class). Teachers’ Diploma 
(Cambridge). Science Mhster, Plaistow Secondary School, 1928. Student 
at Southampton University College, 1924-27. (Signed &y) D. R. Boyd 
D. y. N. Hardy, H. H. Hatt. 

CocQCBUBN, Joseph Geobge, 34, Cambridge Terrace, Gateshead-on-Tyne. 
English. Post-graduate Research Student. B.Sc. Durham (1st Class Hons.). 
{Signed by) G. B. Clemo, Richard Raper, R.-D. BAworth, H. V. A. Briscoe. 

Cohen, Aabon, 114, Langdale Mansions, E. 1. British. Research 
Student. B.Sc. Hous. Chemistry (1st CJlass), London University. Professor’s 
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Besearch Assistant, CEhemistry Besearch Dept., King’s College, London. 
{Signed by) Samuel Smiles, A. J. Allmand, K. C. Boberts. 

Crttsoiace, Geoboe Cecil, 130, Ash. Boad, Headingley, Leeds. British. 
Pharmaceutical Chemist on staff of United Drug Co., Ltd. Major examin- 
ation. Pharm. Soc., Great Britain. Student of the late Professor Arthur W. 
Crossley, F.B.S., 1908-9. Examination of Faeces and Urine for Arsemc after 
606 Treatment in 1915-16. Beport sent to A.D JI.S., Portsmouth. (Brought 
to notice for valuable services rendered during war.) I am desirous of receiv- 
ing the publications of the Society. {Signed by) F, POkington Sargeant, 
Wm. Forster, Frank Browne. 

DiCKifiTS, Abthcb Whuam Mabtzn, 2, Botherwick Court, Botherwick 
Boad, Golder's Green, N.W. 4. British. Chemical Manufacturer. Diploma 
Finsbury Technical College. Besearches in the manufacture of British 
Photographic Beagents as Metol Amidol Glycin, etc. {Signed by) O. Sil- 
berrad, T. Slater Price, F. F. Benwick, S. O. Bawling. 

Dixosr, William Leslie, 14, Melrose Boad, Merton Park, S.W. 19. 
British.. Assistant editor The Chemisi and Druggist. Qualifying examination 
of the Pharmaceutical Society. Experience in laboratories of manufacturing 
chemists. {Signed by) George P. Forrester, Arthur E. Pitt, Sydney A. Mann. 

DOMLEO, Allan, “Chamwood,” Southfield Park, Harrow, Middlesex. 
British. Technical Assistant. M.Sc. (London). B.Sc. (London), Hons, in 
Chemistry, 1920. Engaged in research in Organic Chemistry at Battersea 
Polytechnic, 1920-24. Examiner in H.M. Patent Ofnce (Organic Chemistry), 
1920-28. With Joseph Kenyon, J.C'.iS., 1926, 1841. 6y) J. Kenyon, 

A. Houssa, S. Greenberg, Henry Phillips, F. Bell. 

Godbole, Shaiskab Naonath, Nagpur (India), College of Science, Nagpur, 
C.P. Indian. Professor of Chemistry. B.So. (Bombay), M.Sc. (Allahabad). 
Assistant Professor of Chemistry, 1918-24. Pmfessor of Chemistry, 1924r- 
onwards. Also Chemical Examiner of Explosives to C.P, Govt, from 1927. 
{Signed by) D, V. Bal, A. B. P. Aiyer, B. N. Kayasth. 

Gobdon, John Grant, 23, Jenner House, Hunter Street, W.C. 1. British. 
Chemist and Technical Director, XHoneer Chemical Worlss, Stratford, E. 
Wish to receive the Society’s publications, to use the Library, and to attend 
the meetings of the Society. {Signed by) G. F. Merson, Thos. Tucker, J. F. 
Tocher. 

Gboococx, Constance Mary, 25, St. Peter’s Mount, Bramley, Leeds. 
British. Besearch. Student* B.Sc. 1st Class Hons. Chemistry, Leeds, 
Besearch Student in Organic Chemistry at Leeds University. (Signed by) 
C. K. Ingold, J. W. Baker, H. Burton. 

Heap, Fbane Samuel Henry, 149, Fillebrook Bd., Leytonstone, E. 11. 
English. Besearch Student, East London College. B.Sc. London, 1st Class 
Hons, in , Chemistry. {Signed by) J. B. Partington, A. Bobertson, F. E. 
King. 

Heniey, Bosaunp Venetia, 9, Oxford Square, W. 2. English. Student 
of CSkemistry at Bedford College. Z wish to keep abreast of the advance of 
ehemistiy. by attending the meetings and receiving the Journal. A joint 
paper has been presented to the Chemical Society for publication. {Signed 
James F. Spencer, E. E. Turner, Florence B. Shaw. , 

Hopton, Gerald Uebn, 25, Museum Boad, Oxford. En^ish. Besearch 
Student. B.A« Oxon. Psussed Part I (Hoxis.) in Chemistry at Oxford, 
^holar of N^ew.QoUege, Oxford- {Signed by) W. H. Perkin, J. Masson Gul- 
land, S. G. P. Plant, E. Hope. 

HuRTiEY, WiLUAM Bobert Hardy, 28, Chestuut Boad, W. Norwood, 
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S.E. 27. British, Demonstrator in Chemistry, King’s College, London. 
B.Sc., Ph.D., King’s College, University of London. (Joint author) 

1926, 1821, 2263; 1927, 534. {Signed by) Samuel Smiles, A. J. AUmand, 
W. H. Hurtley. 

Jacesox, ’ R.at.p tt Andersox, 46, St. James’s Boad, Carlisle. English. 
Works Chemist to Messrs. Hudson Scott & Sons, Ltd., Colour Printers, 
Carlisle. Scholar of Peterhouse, Cambridge. Natural Sciences Tripos, 
Part I, Class EE ; Part II (chemistry). Class 11. {Signed by) George H. Martin, 
Hamilton McCombie, Harold A. Scarborough. 

Jessop, Joe Abthur, 2, Bradley Terrace, Shadwell Lane, Moortown, 
Leeds, Yorks. British. Besearch Student in Orgcmic Chemistry. B.Sc. 
1st Class Hons. Chemistry, Leeds. {Signed by) C. K. Ingold, J. W. Baker, 
E. Bothstein. 

Kamu,, Zexab, Bedford College, Begent’s Park, N.W. 1. Egyptian. 
Student. Honours Student of Chemistry at Bedford CoUege. {Signed by) 
James F. Spencer, Ivy W. Bogers, MoUie Barr. 

Kbishxaswami, KoiiAB Bamakrtshxaiyeb, 21, Cromwell Boad, S. Kensing- 
ton, S.W. 7. Hindu. Besearch Student, University College, London. 
B,A., Mysore University (India). Associate of the Indian Institute of 
Science, Bangalore, India. Assistant Chemist, Indian Institute of Science, 
Bangalore, India. “ The Atomic Weight of Antimony from DifEerent 
Sources,”. J.CJS^, 1927, 2534. {Signed by) J. L. Simonsen, C. S. Gibson, 
W. M. Colies. 

Lbonaxud, Juxiax Mavxard, Firdeld, 1, Linddeld Gardens, Hampstead, 
N.W. 3, British. Chemical Manufacturer. Partner in Carless, Capel & 
Leonard. Desires to receive the publications of the Society ^and to use the 
Library. {Signed by) Francis H. Carr, Thos. Macara, L. E. Cconpbell, Francis 
H. Bandeld. 

Levz, Az.FBEn Aabox, 2, Ormonde Terrace, Begent’s Park, N.W. 8. British. 
M.Sc. (New Zealand University). Besearch Student. {Signed by) Samuel 
Smiles, W. B. Price, K. 0. Boberts. 

MAT»nEx, Catherine Ezeaxob, The Bed House, Beechwood Terrace, 
Sunderland. British. Lecturer. MA.., Cantab. Lecturer in Chemistry at 
Armstrong College, Newcastle-on-Tyne. {Signed by) B. D. Haworth, G- C. 
Leitch, H. V. A. Briscoe. 

Manx, Jasox Thomas Wpjjam, The Homestead, Burcharbro Bd., Abbey 
Wood, S.E. 2. British. I am working under Professor J. F. Thorpe in the 
research laboratories of the Imperial CoUege. AJEt.C.S. (2nd Class Hons.), 
also 2nd Class Special B.Sc. wiU be awarded me after a furtl^r 3 ^ar at CoUege. 
I am at present working for a Ph.D. degree. {Signed by) Jocelyn Thorpe, 
M. A. Whiteley, B. P. Linstead, B,. F. Hunter. 

Margixson, Charles Garb, The Homestead, Whitestakes, near Preston. 
En^h. Company Director. B.Sc. (Hons- Chemistry, Manchester). Inter. 
B.Sc. (London). In order to keep abreast of modem chemistry. {Signed by) 
Arthur Lapworth, B. Bobinson, Frederick ChaUenger, D. H. Bangham. 

Marten, Albert Edward, 47, Mildmay Grove, N. 1. British. Besearch 
Student. B.Sc. (Lond.), 2nd Class Hons. Chemistry* {Signed by) J. B. 
Partington, W. H. Patterson, D. C. Jones. 

Mexox, Kottiazath Narayaxa, 55, Parliament HiU, Hampstead, N.W. 3. 
British Indian. Besearch Chemist imder Prof. Bobinson. M.Sc. (Bombay). 
J.C-iS., 1926, 2247 ; . 1928, 431 (part author with Prof. J. L. Simonsen). 
{Signed by) Bohert Bobinson, J. L. Simonsen, W. M. CoUes. 

MtntRAY, Martha Elizabeth, 90, Channel Street, Galashiels, Selkirkshire. 
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British. Analytical Ghemist. B.Se. (2nd Class BEons., Bond.), A.R.C.So.1., 
A.I.C. Research Cheinist and Lecinzrer in Gheinistry at the Scottish Woollen 
Technical College, Galashiels, 1924-28. (Signed ly) A. G. G. Leonard, W. E. 
Adeney, A. O’Farrelly. 

OxpoBB, Albebt Edward, 7, Talbotville Rd., Broad Green, Liverpool. 
English. R^earch Chemist at War 0£&ce Research Establishment, Sutton 
Oak, Liancs. M.Sc., Ph.D. (Manchester). J.C.S., 1926, 2004; 1927, 1964, 
2289; (with Professor Robinson), J,C.S; 1926, 383, 401; (with Professors 
Perkin and Robinson), J.CJ3., 1927, 2389; (with Professor Raper), J.CJS., 
1927, 417. (S^ned by) Robert Robinson, James D. Fnlton, Alex Robertson, 
Reginald C. Fawcett. 

Paojtebson, Nelete, 23, Femdene Rd., Heme Hill, S.E. 24. British. 
Pharmaceutical Chemist. Major Diploma of the Pharmaceutical Society of 
Great Britain. Pharmacist, Tropical Diseases Hospital, Endsleigh Gardens, 
W.C. 1. I wish to attend the lectures and receive the publications of the 
Cheroic^d Society. (Signed by) Francis H. Carr, Charles Alex. BQll, J . Lang- 
ford Moore. 

PosTEii, Roxaed, 130, St. John’s Avenue, Bridlington, Yorks. British. 
Schoolmaster. B.A. (Hons, in Chemistry, Physics, and Geology), Cambridge, 
Late Exhibitioner in Hatural Sciences, Trinity College, Cambridge. Honours 
course in chemistry, Cambridge Hniversity, 1925-28. Ghemistry Master, 
Aldenham School, Juno 1928 to date. (Signed by) W. J. Pope, W. H. Mills, 
F. B. EEipping. 

Rttsseee, Axfbed, X>ep€trtment of Chemistry, The Queen’s Dniversity, 
Belfast, H.I. British. Assistant, Dept, of Chemistry, Queen’s University, 
Belfast. B.Sc. (1st Class}, Belfast. (Signed by) A. W. Stewart, J. K. Marsh, 
H. Graham. 

Saint, Sidney John, Government Laboratory, Barbados, B.W.I. British. 
Agricultural Chemist. B.Sc. (London), A.I.C. Formerly Lecturer in Agri- 
cultural Chemistry, Leeds University (1922-26). (With H. M. Comber), Scdl 
Science, 1924, xviii, 131 ; Trans, Faraday Soc., 1925, xx; Proc, Second Oonmi, 
Inter. Soc. Soil Sci., 1926, Yol. A. (Signed by) H. Bassett, H. A. D. Neville, 
J . W. Dodgson. 

Saunders, Rupert Henry, “ Littlecot,” Windsor Rd., Slough, Bucking- 
hamshire. British. Assistant Engineer and Manager, Slough Gas and Coke 
Co. Chief Cheinist to Worthing Gas Co. Control of laboratories for 
analytical work and research, with special reference to effluents, tars, and 
ammonium sulphate. Subsequently as Assistant Engineer and Manager to 
the Worthing Gas Co., and now as Assistant Engineer and Manager to the 
Slough Gas Co., responsible for the efficiency of and the results obtained from 
the various manufacturing and by-products plant at their respective works. 
(Sign^ by) F. Napier Sutton, M. C. Clutterbuck, H. Houlston Morgan. 

SaBT.TTTiffAN, Harry, 46, HaipuT Avenue, Benoni, Transvaal. British. 
Beseaceh Student. B.Sc., Witwatersrand University, Johannesburg. Desire 
to keep in touch with the advance and development of chemical science. 
(Signed by) Henry Stephen, O. G. Baekeberg, J. A. Wilkinson. 

Sheth, Kantecae Maganlae, Assistant Manager, Shree Shakti Alkali 
Works, Dhrangadhra, Hathiawad, India. Hindoo. State Chemist. M.Sc. 
(Bombay), A.LI.SC. (Bangalore). 1. One of the authors of the “ Extraction 
of Caffeine,” J. Ind. Inst. Sci., Vol. V, Part XITI. 2. Anal 3 rtical and Works 
Chemist in a Hydrogenation Factory, Bombay.- 3. Enormous amount of 
experimental work canned out in connection with the manufacture of salt 
and by-products (soda, magnesium chloride, magnesium sulphate, etc.), vide 
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book on Salt by E^pilram H. Vakil, M.Sc., B.A., F.I.C. 4. Lecturer in Sir 
Ajitsinhji Hi gh School, with brilliant record for the High School in Bombay 
TJniversity. 5. State Chemist and Assistant lilanager. (Signed hy) K. Cr. 
Kaik, M. Prasad, A. It. Normand. 

Simpson, Henby Geobge, 21, Truro Boad, Wood Green, N. 22. British. 
Besearch student at East London College. London University B.Sc. (General), 
1st Class Hons, in Physics, Pure Mathematics, and Chemistry. London 
University B.Sc. (Special), 1st Class Hons, in Chemistry, (Signed hy) J. B. 
Partington, W. H. Patterson, E. E. King. 

Smith, John William, 70, Verdant Lane, S.E. 6. British. Besearch 
Student. B.Sc. London (1st Class Hons. Chemistry), University College, 
London. Three years* experience as research student in Department o£ 
Chemistry, University College, London. Thesis for Ph.D. degree submitted 
to University of London. “The Vapour Pressure of Intensively Dried 
Nitrogen Tetroxide,” J.OJS*, 1927, 867; “The Effect of Intensive Drying 
on the System Nitrogen Peroxide-Nitric Oxide-Oxygen,” sent for public- 
ation ; “ The Adsorption of Vapours on an Amalgamated Platinum Surface,” 
sent for publication. (Signed hy) F. G. Donnan, L. F. Gilbert, H. Terrey. 

Solomon, William, 14, Finsen Bd., S.E. 5. British. Chemist. Special 
B.Sc. (Lend.) (1st Class Hons. Chemistry). Student at Birkbeck College 
(University of London). I desire to receive the current literature on pme 
chemistry. (Signed by) George W. Ferguson, Samuel Sugden, George Senter, 
F. J. Thorneycroft. 

SuMNEH, Cyhil Gk>BDON, “ Willow Dene,” 63, St. Thomas* Boad, Chorley, 
Lancs. British. Besearch Student, Victoria University of Manchester. 
B.Sc., 1st Class Hons, in Chemistry, 1926; M.Sc., 1926 (Victoria University 
of Manchester). Three years’ research experience (under direction of D. C. 
Henry). Work so far impublished. Subject : A New Method for the Study 
of Cataphoresis. Awards: Graduate Prize and Leblanc Medal in Applied 
Electrochemistry, 1926. Beyer Fellowship, 1927-28 (Victoria University of 
Manchester). Senior Besearch Award, 1928-31 (Dept, of Scientzhe and 
Industrial Besearch). (Signed 6^) Arthur Lapworth, D. C. Henry, Fred 
Fairbrother. 

Thasub, Bamstmha, Mandla Fort, Mandla, C.P., India. Indian. Besearch 
Scholar in Organic Chemistry at Boyal College of Science. B.Sc. (Nagpur), 
M.Sc. (Nagpur), first in University. (Signed hy) G. A. B. Kon, I. Vogel, 
W. E, Hugh. 

Tipleb, Albebt Fbed, 13b, Harley Street, Bow, E. 3. English. Besearch 
Student B.Sc. (Special), London, 1st Class Hons. Student at East London 
College since S^t. 1926. (Signed by) J. B. Partington, W. H. Patterson» 
F. E. King, A. Bobertson. 

Vaughan, Abthub Ebnest, jun., Quebec Lodge, Begent Boad, Biikdale, 
near Southport. British. Brewer €md Analytical Chemist. Certificate of 
Brewing and Malting, University of Birmingham; and desirous of receiving 
the Society’s journal. (Signed by) Herbert Hobson, G. D. Clarkson, C. E. 
Sutcliffe. 

Vbnkajbe, Tesumalla, Bajahiuundry, Madras Presidency, India (present 
address, c/o The Laboratories, The Valleyfield Paper Mills^ Penicuik, Mid- 
lothian). Indian. Chemist, The Carnatic Paper Mills, Ltd., Bajahmundry, 
India. B.A., Madras University, with Chemistry as the special subject* 
Honorary Besearch Student in the laboratories of the Maharaja’s College, 
Vizianagram, India. Special student of Mr. William Baitt, P;C.S., 
M.I.Chem.E., in cellulose chemistry and paper technology. Trained in civil, 
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mechanicfd, and chemical engmeeruig in the O.P. Milla under the American 
chemical engineer, Mr. E. P. Wood. Articles on “ Sabai ” grass and “ Bam- 
boo ’* in the Paper Trade Journal, Kew York. Manufacture of “ Cotton 
Seed Oil and Paper from Cotton Stalks ” in Andhrapatrika Annual, 1919. 
{Signed by) William Kaitt, Madyar Gopel Bao, Navin Chandra Mittal. 

Websxsr, Geohob BsoiNAm, 8, Marlborough Koad, Bearwood, Birming- 
ham. Briti^. Assistant Works Manager (Branch Works). 1926, investig- 
ator and author of prize thesis, ** Aluminium Soldering, Welding, and Fluxes,’’ 
Birmingham Metahuxgical Soc., also paper Useful Alloys of Aluminium, and 
their Properties,” J. Inst. Brii. Foundrymen, Kov. 4th, 1926. Position, 
Assistant Works Manager, Met^urgical Chemist, and Engineer. X desire 
also to attend the meetings, etc., and to keep in touch with current research- 
{Signed by) Ernest Bbrdiker, Joseph Lones, Arthur Adams. 

White, Maboabet Katherine, Morthem Polytechnic, N. 7. English. 
Librarian, Korthem Polytechnic, N. 7. BBc., 2nd Glass Hons. Chemistry 
(London), M.Sc. Lond. Co-author with Dr. T. J. Drakeley, F.C.S., of three 
papers published in the Journal of Agricultural Science, Vol. 17,. Pt. I, p. 118; 
Pt. m, p. 140; Vol. 18, Pt. in, p. 496; all dealing with the influence of 
breed, age, and period of lactation of the cow, on the yield and quality of 
the milk. (Signed by) T. J. Drakeley, D. H. Bichardson, H. J. S. King, 

WmiAJis, WmuAM Dudley, Cia Industrial y Comercial de Petroleo, 
Canadon Bosales, Comodoro Bivadavia, Argentina. British. Chemist. 
B.Sc. (Iiond.), 1st Class Hons. Chemistry, F.I.C. Part-time Lecturer in 
Chemistry, Swansea Techniccd College, 1922-24. Chemist with Anglo- 
Pendan Oil Co., Ltd., 1928 onwards. Part author of paper “ Action of 
Chlorides of Phosphorus on Ghlorodimethyldihydroresorcinol,” J.CJS., 1922, 
121. (Signed by) J. E. Coates, L. E. Hinkel, E. E. Ayling, D. H. Hey. 

Wynne-Jones, William Francis Kenrick, The University, Beading. 
British. Lecturer in Chemistry. J.CJ3., 1924, 1031 ; 1928, 1230. (Signed 
by) D. Boy Maxted, J. W. Dodgson, H. Bassett. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 

JiNDAL, Shanear Lal, 101-118, Talag Mahal, Cawnpore, U.P., India. 
Indian. Professor of Chemistry. M.Sc. Allahabad University. Contributed 
articles to the Chemical N&m and Naiure, and the author of A Text-book of 
Inorganic Chemistry for the Intermediate Classes and Bve years’ teaching ex- 
perienoe. (Signed by) Y. B. Dhar, K. P. Chatterjee. 

liipwoRTH, Alexander, 23, Kerk Street, Johannesburg, South Africa 
(postal address, P.O. Box 6084, Johazmesburg). British. Chemist £md 
Druggist, Transvaal, South Africa., Interested in chemical research, being 
Director of a wholesale firm of Manufacturing Chemists. (Signed 
ly) Edward A. Andrews. 

Mar, Peter, 296, Ellen Street, Winnipeg, Manitoba, Canada. Bom 
Victoria, B.C., Canada. Instructor in Phyacs (Lingnaam University, Canton, 
B.Sc. (University of Manitoba (1922), MA.. (Oskaloosa College), 
MBe. (University of Manitoba (1924). In^ructor in Sciences (Union Middle 
School, Canton, China) (1923-26), Fellowship China Medical Board of the 
BocfcsfeUer Foundation (1925-26) at Pekin. (Signed by) Matthew A. Parker. 

Saw, Walter Williah, c/o Vacuum Oil Co., Pty., Ltd., Perth, Western 
Australia. ;AustraHan. Analytical Chemist. B.Sc. (Western Australia). 
Assbciate of the Australian Chemical Institute. Five years’ as Chemist with 
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Goveixunent Chemical Laboratory. One year as Chemist with Vacuum Oil 
Co., Pty., Ltd. [Signed hy) N. T. M. Wilsmore, Edward S. Simpson. 

Yamashtta, Tazzo, Asamacho 4, Mukden (Japanese Concession), China. 
Japanese. Professor of S. M. Medical College. Doctor (Imperial University 
of Tokyo). [Signed hy) Yasuhiko Asahina. 


ADDITIONS TO THE LIBRARY. 

I. Donaiions. 

Ebnst, Eeaistb: A. Fixation of atmospheric nitrogen. New York 
1928. pp. X + I54. iU. 12s. 6^?. net. (jRecdl. 19/10/28.) 

From the London Publishers : Messrs. Chapman & Hall. 

Haas, Paitl, and Hill, Thomas OEOEaE. An introduction to 
the chemistry of plant products. 4th edition. Vol. I. London 
1928. pp. xvi + 630. iU. 185. net. (Becd. 17 /10/28.) 

From Dr. P. Haas. 

Httxham, John. Medical and chemical observations upon 
antimony. London 1756. pp. 78. (Beference.) 

From Dr. Alexander Scott. 

Massachusetts Institute of Technology. Abstracts of 
scientific and technical publications, including abstracts of Doctors’ 
theses. No. 1 etc., Cambridge, Mass. 1928-t-. {Beference.) 

From the Director. 

Moileueu, Charles. Notions fundamentales de chimie organique. 
9t.h edition. Paris 1928. pp. x + 657. 70 fr. {Bead. 8/11/28.) 

From the Publishers : MM. Gauthier- Villars & Cie. 

Page, John. Receipts for preparing and compounding the 
principal medicines made use of by the late Mr. Ward. London 
1763. pp. 33. {Beference.) From Dr. Alexander Scott. 

Reinthaler, Franz. Artificial silk. Enlarged and revised 
edition. Translated from the German by Frederick Maurice 
Rowe. London 1928. pp. xii + 276. ill. 215. net. {Becd. 
30/10/28.) From the Publishers : Messrs. Chapman & Hall. 

SoHOEN, Marcel. The problem of fermentation : the facts and 
the hypotheses. Translated from the French by Herbert Lloyd 
Hind, and revised and enlarged by the author. London 1928. 
pp, xii + 211. 215. net. {Becd, 14/11/28.) 

From the Publishers : Messrs. Chapman & Hall. 

Stevens, Henry Potter. Latex. London 1928. pp. 66. ill. 
{Becd. 25/10/28.) From the Author. 

United States. Department of Gommerce. Bureau of Mines. 
Experimental studies on the effect of ethyl gasoline and its com- 
bustion products. Report to the General Motors Research 
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CoEFOBATiON and the Ethyl Gasolestb Coeporation. Washington 

1927. pp. xx + 447. iH. 20/8/28.) 

From the United States Bureau of l^Iines. 

n. By Purchase, 

Alsbero, Carl Lucas, and Taylor, Alonzo Englebert. The 
fats and oils : a general view. California 1928. pp. viii + 103. 
7^. 6d. net. (Eecd. 31 /7/28.) 

Berl, Ernst, and Banis, L. Die Anwendung der Interfere- 
metrie in Wissenschaft nnd Technik. (Fortschritte der Chemie, 
Physik imd physikalischen Chemie, Vol. XIX.) Berlin 1928. 

Bragg, Sir William. An introduction to crystal analysis. 
London 1928. pp. viii + 108. ill. 12s. net. (Reed. 23/10/28.) 

Buchanan, R. E., and Fulmer, Ellis I. Physiology and bio- 
chemistry of bacteria. Vol. I. [Philadelphia] 1928. pp. xii -f 
516. ill. 34s. net. (Reed. 24/7/28.) 

Creighton, Henry Jermatn. Principles and applications of 
electrochemistry. 2nd edition. Vol. I. Principles. Xew York 

1928. pp. xvi + 488. ill. 20s. net. (Reed. 18/10/28.) 

Dow, D. B, Oil-field emulsions. {U.S. Bureau of Mines, Bulletin 
250.) Washington 1926. pp. vi + 112. ill. Is. 8d. net. (Reed. 
7/7/28.) 

Euler, Wolf Adolf. Die Gichtgas-Reinigung. Die wichtigsten 
Verfahren unter besonderer Berucksichtigung des Trockengas- 
reinigungs-Verfahrens System Halbergerhiitte-Beth sowie des 
Theisen-Desintegrator-Verfahrens. Berlin 1927. pp. vii + 132. 
m. M. 16.50. (Reed. 19/7/28.) 

Evans, Charles [Arthur] Lovatt. Recent advances in 
physiology. 3rd edition. London 1928. pp. xiv + 403. ill. 
12s. U. net. (Reed. 18/10/28.) 

Fishbr, R. a. Statistical methods for research workers. 2nd 
edition. Edinburgh 1928. pp. xiv + 269 + vi tables. Ids. net. 
(Eecd. 18/10/28.) 

Foltzer, Joseph. Artificial silk and its manufacture. 4th 
edition. Translated from the French by T. Woodhouse. London 
1928. pp. xvi + 309. iU. 21s.net. (Eecd. 18/10/28.) 

Friend, John Newton. [Editor.’l A text-book of inorganic 
chemistry. Vol. VI. Part i. Nitrogen. By Edmund Brydges 
Budhall Prideaux and Herbert Lambourne. London 1928. 
pp. xxvni + 242. ill. 18s. net. (Two copies.) 

Gruse, William A. Petroleum and its products : a chemical 
disoussion of the properties, refining and utilization of petroleum. 
New York 1928. pp. viii + 377. 22s. %d. net. (Eecd. 18/10/28.) 
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Guggenheim, Mabkus. Die biogenen Amine ttad ibr© Bedeut- 
ung fiar die Pbysiologie und Pathologie des pflanzKchen und 
tierischen Stoffwecbsels. 2nd edition. Berlin 1924. pp. viii + 
474. ill. M. 21. {Becd. 19/7/28.) 

Haul, R. E. [and others]. A physico-chemical study of scale 
formation and boiler-water conditioning. (Min. Met. Imv., Carnegie 
Inst. Tech, and U.S. Bureau of Mines, Bulletin 24.) Pittsburgh 
1927. pp. xiv + 239. ill. lOs. net. {Becd, 2/6/28.) 

Handbuch deb AiJiGEMEiNEN Chemie. Edited by Paud Walden 
and Gael Dbuceeb. VI. Chemische Valenz- und Bildungslehre. 
By Feitz Ephbaevi. Leipzig 1928. pp. viii -j- 366. ill. (Beference.) 
M. 33. 

BLandbugh deb Physik. Edited by Hans Geigbb and EIabl 
S cHEEL. Vol. XIX. HerstellungundMessungdesLichts. Edited 
by BQesinbich Konen. Berlin 1928. pp. xviii + 995. ill. M. 89. 
{Becd. 13PI28.) 

Handbuch des Zeugdrucks. Edited by Geobg Georgievics, 
R. Haller, and Leon Ltchtbkstein. Parts I and II. Leipzig 
1927 — 1928. pp. 512 + 12 pattern sheets. iU. M. 46. {Becd. 
19/7/28.) 

HXuseb, Ernst A. The colloid chemistry of the rubber industry . 
London 1928. pp. 55. ill. 4^. 6d. net. {Becd. 23/10/28.) 

Heaton, No:bl. Outlines of paint technology. Based on 
Hurst’s ‘‘Painters’ colours, oils, and varnishes.” London 1928. 
pp. X + 400. ill. 245. net. {Becd. 18/10/28.) 

Jordan, Edwin Oakes, and Falk, Isidore Sydney. \Ediix>rs.'\ 
The newer knowledge of bacteriology and immunology. By eighty- 
two contributors. Chicago 1928. pp. x -f 1196, ill. 505. net. 
\Becd. 23/6/28.) 

Kausch, Oskar. Die aktive Kohle, ihre Herstellung und 
Verwendung. Halle (Saale) 1928. pp. vii + 342. ill. M. 23.50. 
{Becd. 19/7/28.) 

Ejbmpe, Richard, and Kutter, Fritz. Schmelzpusaktstabellen 
zur organischen Molekular-Analyse. Braunschweig 1928. pp. 
xvi + 766. ill. {Beference.) M. 68. 

Kershaw, John Baker Cannington. The recoveiy and use of 
industrial and other wastes. London 1928. pp. xviii + 212. ill. 
255. net. {Becd. 18/10/28.) 

Kistiakowsky, George B. Photochemical processes. Hew 
York 1928. pp. 270. ill. 235.net. (jKecd. 18/10/28.) 

Lange, Erioe. Tiber LOsungs- und Verdiiimungswajmen einiger 
starker Elektrolyte. (Fortschritte der Chemie, Physik und physik* 
alischen Chemie, Vol. XIX.) Berlin 1928. 

Lawree, James W. Glycerol and the glycols : production. 
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properties, and analyses. New York 1928. pp. 447. ill. 40s.net 
(Seed. 18/10/28.) 

Liesega2s:g, Raphael Ed. Biologische Kolloidchemie. Dresden 
1928. pp. xii + 127. Jf. 9.50. {Eecd. 21/6/28.) 

Maetih, Geofpeey. a treatise on chemical engineering applied 
to the flow of industrial gases, steam, water, and liquid chemicals 
including the pneumatic transport of powders and granulated 
materials. London 1928. pp. xsiv + [443]. ill. 63si^et. {Becd. 
18/10/28). 

Moese, Jaeed EIietland. Bibliography of crystal structure, 
CJhicago 1928. pp. xx + 164. iU. (Beference.). 16s. net. 

Obthnee, R. Chemisch-ka^lytische Vorgange im Lebensprozess 
und ihre Bedeutimg fiir die Arzneikunde (Dber die Herstellung, 
Prufung und klinische Verwendung organotherapeutischer 
Praparate). (Sammlung, Vol. XXX.) Stuttgart 1928. 

PuMMEE, Robeet Heistey Adees, and Plimmee, Violet 6. 
Food, health, vitamins: being a new edition of “Food and 
health.” London 1928. pp. viii + 120. ill. 3s. net. {Becd, 
23/10/28.) 

SoHNEGG, Hans. Die biologische BetriebskontroUe des 
Brauereibetriebs. Stuttgart 1928. pp. x + 436. M, 22. (JBecd. 
20/8/28.) 

Seidell, Atheeton. Solubilities of inorganic and organic 
compounds. Supplement to the 2nd edition, containing data 
published during the years 1917 — 1926 inclusive. New York 1928. 
pp, vi, 1001 to 1571. (Beference,) 42s. net. 

Smith, Stanley. The cellulose lacquers : a practical handbook 
on their manufacture. London 1928. pp. x + 146. ill. 7s, 6d. 
(Becd. 23/10/28.) 

Smithblls, Colin James. Impurities in metals : their influence 
on structure and properties, pp. xii + 157. ill. 18s. net. (Becd, 
18/10/28.) 

SvENSK Kemisx Tidskeift. Year XL, etc. Stockholm 1928 +. 
(Beferen^ce.) 

XJLLMAim, * Fettz. [Editor.] Enzyklopadie der technischen 
Chemie. 2nd edition. Vol. I, etc. Berlin 1928 +. ill. 
[Beference.) 

Walton, Robeet P. [Editor.] A comprehensive survey of 
starch chemistry. Vol. I. New York 1928. pp. 240 + iv + 360, 
ill. 425. net, (Befererice.) 

Wabbxtbg, Otto. tJber die katalytischen Wirkungen der 
lebendigen Substanz. Berlin 1928. pp. vii + 628. ill. M. 38. 
(Reed. 21/6/28.) 



PBOCEEDINGS 

OF THE 

CHEMICAL SOCIETY. 


Extra Meeting held at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, S.W.l, on Thursday, November 29th, 
1928, at 5.30 p.m., the President, I^ofessor J. F. Thorpe, C.B.E., 
D.Sc., F.E.S., in the Chair. 

The President stated that the Liversidge Lectures had been 
founded in accordance with the will of the late Professor Liversidge 
of the University of Sydney. By the terms of this will a sum of 
money was left to the Society in order to establish an annual lecture, 
in connection with similar lectures to be provided by the University 
of Sydney, The Koyal Society of New South Wales, and The 
Australasian Association for the Advancement of Science. The 
President then read the clauses in the will dealing with the lecture- 
ships and stated that the Council had also established another series 
of lectures, called the Pedler Lectures, to perpetuate the memory 
of Sir Alexander Pedler, a generous benefactor to this Society. He 
said that the Council had decided that the Liversidge Lecture should 
be in the domain of Physical and Inorganic Chemistry and the 
Pedler Lecture in. Orgamc Chemistry. 

The President then called upon Professor Donnan to deliver his 
lecture entitled : ‘‘ Physical Chemistry in the Service of Biology.” 

At the conclusion of the lecture, a vote of thanks to the lecturer 
was proposed by Mr. A. Chaston Chapman, seconded by Professor 
J. C. Philip, and carried unanimously, Professor Donnan making 
acknowledgment. 

Ordinary Scientific Meeting, Thursday, December 6th, 1928, at 
8 p.m., Professor J. F. Thorpe, C.B.E., D.^c., F.P.S., President, 
in the Chair. 

Certificates were read for the first time in favour of : — 

Osman Achmatowicz, D.Chem., 348, Banbury Boad, Oxford. 

Harry James Bftrber, B.Sc., Ph.D., 30, Bridgeman Road, Teddington. 
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George Discombe, 48, King Edwards Grove, Teddington. 

Bertram John Eredeiick Dorrington, B.Sc., 287, New Cross Hoad, S.B.14. 
Eustace Leonard Gates-Warren, B.Sc., 17, Chatsworth Road, West Norwood, 
S.E. 27. 

John Mildr^ Beane Gauntlett, M.Sc., St. Edward’s School, Oxford. 

Gordon Rupert Gedye, B.A., Trinity Hall, Cambridge. 

Mary Stephen Lesslie, M.A., B.Sc., Ph.D., Bedford College, Regent’s Park, 
N.W. 1. 

Arthur James Mee, B.A., B.Sc., 62, Rectory Grove, S.E. IS. 

Heizny Richard Napp, 3 & 4, Clements Inn, W.C. 2. 

George David Parkes, B.Sc., M.A., D.PhiI., Keble Cohege, Oxford. 
Ohaturbhai Shankarbhai Patel, B.A., M.Sc., 2, Hyde Terrace, Leeds. 

John Powdrill, 20, Catlow Hall Street, Oswaldtwistle. 

Walter Guimar Theodor Qvist, B.Phil., Abo Academy, Abo, Finland. 

David Roberts, B.Sc., 37, Water Street, LlanUechid, Bangor. 

James Walker Rowe, Malton, Holmesdale Road, Orpington. 

Richard Stcmiey Wrey Thome, B.Sc., A.R.C.S., 51, Newlyn Road, N. 17. 
William Harold Juggins Vernon, D.Sc., Ph.D., F.I.C., 6, High Street, Wimble- 
don, S.W. 19. 

Frederick James Wilkins, M.Sc., 4, Humberstone Road, Cambridge. 


Mr. W. H. Gray and Dr. H. Hunter, were elected Scrutators, and 
a ballot for the election of Fellows was held. The following were 
subsequently declared elected : — 


Arthur Donald Ainley, B.Sc. 

Nelson Alcock. 

Rupchand Lilaram Alimchandani, 
M.Sc. 

Simon Aznstell. 

William Rogie Angus, M.A., B.Sc., 

A. I.C. 

Owen Stanley Brettle. 

William Brooks. 

Albert James Butterworth, B.Sc. 
Duncan Arthur Campbell, M.Sc. 

Tech., B.Sc., A.LC. 

Charles Ernest Chard, B.Sc. 

Joseph George Cockbum, B.Sc. 
Aaron Cohen, B.Sc. 

George Cecil Crummack. 

Arthur William Martin Dickins. 
William Leslie Dixon. 

Allan Domleo, M.Sc. 

Shankar Nagnath Godbole, M.Sc. 
John Grant Gordon. 

Constance Mary Groocock, B.Sc. 
Frank Samuel Henry Head, B.Sc. 
Rosalind Venetia Henley. 

Gerald XJem Hopton, B.A, 

William Robert Hardy Hurtley, 

B. Sc., Ph.D. 

Ralph Anderson Jackson, B.A. 


Joe Arthtir Jessop, B.Sc. 

Shankar Lai Jindal, M.Sc. 

Zenab Kamil. 

Kolar Ramakrishnaiyer Krishna- 
swamz, B.A. 

Julian Maynard Leonard. 

Alfred Aaron Levi, M.Sc. 

Alexander Lipworth. 

Catherine Eleanor MaJlen, M.A. 
Jason Thomas William Mann, 
A.R.C.S. 

Charles Carr Marginson, B.Sc. 

Peter Mar, M.A., M.Sc. 

Albert Edward Martin, B.Sc. 
Kottiazath Narayana Menon, M.Sc. 
Martha Elizabeth Murray, B.Sc., 
AR.C.ScX, A.I.C. 

Albert Edward Oxford, M.Sc., Ph.D. 
Nellie Patterson. 

Ronald Postell, B.A. 

Alfred Russell, B.Sc. 

Sidney John Saint, B.Sc., A.I.C. 
Rupert Henry Saunders. 

Walter William Saw, B.Sc. 

Harry Selikman, B.Sc. 

Kantilal Maganlal Sheth, M.Sc. 
Henry George Simpson, B.Sc. 

John William Smith, B.Sc. 
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WiHiam Solomon, B.Sc. 
Cyril Gordon Simmer, M.Sc. 
Bam Simha Thakur, M.Sc. 
Albert Fred Tipler, B.Sc. 
Arthur Ernest Vaughan. 
Tekumalla Venkajee, B.A. 
George Beginald Webster. 


Margaret Katherine White, M.Sc. 
William Dudley Williams, B.Sc., 
F.I.C. 

William Francis Kenrick Wynne- 
Jones. 

Taizo Yamashita. 


The foUo\!raig papers were read : — 

‘‘ The mechanism of corrosion.” By U. R. Evans. 

“ Properties of conjugated compounds. Part VI. The dibromin- 
ation products of cyclic butadienes.” By E. H. Pabmee and 
W. D. SOOTT. 

“ The stereoisomerism of disulphoxides and related substances. 
Part rV. Di- and tri-sulphoxides of trimethylenetrisulphide.” 
By E. V. BeiiL and G. M. Bennett. 

“The structure of organic molecular compounds.” By 6. M. 
Bennett and G. H. Wilus. 

“ Hexa-aminobenzene.” By B. Fluesoheim and E. L. Holmes. 


Ordinary Scientific Meeting, Thursday, December 20th, 1928, at 
8 p.m., Professor J. P. Thoepe, C.B.E., D.Sc., F.E).S., Pi*esident, in 
the Chair. 

The Pebsident referred to the loss sustained by the Society, 
through death, of the following Fellows : — 

Elected. 

Alfred Anderson Dec. 2nd, 1915. 

John H. B. Jenkins May 6th, 1892. 

John Edward L. Moore Dec. 6th, 1907. 

Joseph Tchenxiac April 4th, 1S78. 

It was announced that : — 

1. The Subscription list to the Liebig Portrait Fund is still open 
and that subscriptions should be sent as soon as possible to the 
Treasurer. 

2. Dr. O. Rosenheim, of the National Institute for Medical 
Research, had presented, to the Society two manuscript letters of 
Liebig. 

3. The Peesident, Sir William Pope, K.B.E., F.R.S., and Prof. 
0. S. Gibson, O.B.E., had been appointed to represent the Society 
on the Federal Council of Pure and Applied Chemistry for 1929, 

The following were formally admitted Fellows of the Chemical 
Society : A. A. Levi, A. Cohen, Jason T. W. Mann, J. W. Smith, 
6. R, Webster, K. R. Krishnaswami, and K, N. Menon. 


Died. 

June 22nd. 
Dec. 11th. 
Dec. 15th. 
Dec. 11th. 
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Certificates were read for the first time in favour of : 

Leslie Alderman Elson, B.Sc., A.I.C., 27, Truro Road, Wood Green, N. 22. 
Masao Fukuda, Chemical Institute, Tohoku Imperial University, Sendai, 
Japan. 

Sidney Herbert Jones, 85, St. George’s Road, S.W. 1. 

Thomas Edward Lescher, O.B.E., 16, Oxford Road, Birkdale, Lancs. 

Charles Henry Maile, 3, Aubrey Walk, Hensington, W. 8. 

Alfred Herbert Spong, B.Sc., Westminster College, Horseferry Road, S.W. 1. 
Edgar Stedman, D.Sc., Ph.D., 12, Woodbum Terrace, Edinburgh. 

John Norman Williams, A.M.I.Mech.E., 58, Alfriston Road, Clapham Com mon, 
S.W. 11. 

OUi Viljo Anton Wuorinen, M.A., 1, Westfield Road, Edgbaston, Biimingha m. 

The following Certificates have been authorised by the Council for 
presentation to ballot under Bye-Law I (2) : 


Robert Douglas Coghill, George Street, Dimedin, New Zealand. 

Jose Pascual, Prof., Universidad, Seville. 

Alfred Wagner, Pesterzsebet, Hungary. 

The following papers were read : 

“ Influence of poles and polar linkings on the course pursued by 
elimination reactions. Part II- Mechanism of exhaustive 
methylation {continued).*^ By C. K. Ingold and C. C. N. Vass. 

“ Influence of poles and polar linkings on the course pursued by 
elimination reactions. Part III. A decomposition of dialkyl- 
sulphones.*’ By G. W. Fenton and C. K. Ingold. 

“ Influence of poles and polar linkings on tautomerism in the simple 
three-carbon system. Part I. Experiments illustrating proto- 
tropy and anionotropy in trialkylpropenylammonium deriv- 
atives.” By C. K. Ingold and E. Rothstein. 

“ Researches on residual affinity and co-ordination. Part XXXI. 
Molybdyl bis-!3-diketones.” By G. T. Morgan and R. A. S. 
Castell. 

Interactions of selenium oxychloride and phenols.” By G. T. 
Morgan and F. H. Burstall. 

“ The parachor and chemical constitution. Part X. Singlet 
linkages in chelated co-ordination compounds. ” By S. Sugden. 

The Council has made the following Grants from the Research 

Fund : 

£ 5. d. 

Mutual solubility relations of methyl alcohol and saturated hydro- 
carbons. S. Amstell. (E. Lond. Coll.) 10 0 0 

Stereoisomerism in polycyclic systems. B. K. Blount. (Oxford 

Univ.) 10 0 0 

Electro-deposition of hydrogen and the measurement of the access- 
ible areas of metallic surfaces. F. P. Bowden. (Cambridge 
Univ.) 


10 0 0 
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£ s* d. 

Physico-chemical studies of some of the rarer acids and their salts. 

H. T. S. Britton. (Exeter Univ. Coll.) 10 0 0 

Additions to vinyl bromide and the properties of the substances 

obtained. G. N. Burkhardt. (Manchester Univ.) ... ... 10 0 0 

Magnetic susceptibility of binary mixtures of organic liquids. 

(Miss) J. Catteimole. (Bedford Coll.) ... ... ... 6 00 

Hydrogenation of conjugated compoimds. C. M. Cawley. (Im- 
perial Coll.) 10 0 0 

Dynamics of surface action. F. H. Constable. (Cambridge 

Univ.) ... ... ... ... ... ... 20 0 0 

Oxygen content of wrought iron and steel. C. H. Desch and 

H. G. Rains. (Sheffield Univ.) 10 0 0 

Colour and fluorescence of the p 3 rronine dyestuffs. A. N. Dey. 

(Bn^rial CoU.) ... 8 0 0 

Preparation and properties of simple aliphatic unsaturated ketones 
with particular reference to isomeric change. E. N. Eccott 

(Imperial CoU.) 10 0 0 

Quantmn efficiency measurements on the induction period of the 
hydrogen-chlorine reaction. J. G. A. Griffiths. (Cambridge 

Univ.) 10 0 0 

Mechanism of permanganate oxidation. (Miss) C. M. Groocock. 

(Leeds Univ.) 8 0 0 

Action of Grignard compoxmds upon substituted ct^cZohexene 
oxides and the preparation of substituted cyclohexanones. 

F. S.H. Head. (E. Lond. Coll.) 10 0 0 

Influence of the solvent in reaction velocity in its bearing on the 

quantum theory. F. W. Hodges. (Chelsea Polytechnic)... 5 0 0 

Determination of the mutual solubility curves of secondary and ^ 
iaobutyl alcohols in water, and of the four isomeric butyl 
alcohols in non-pol€tr solvents. D.C. Jones. (E. Lond. Coll.) 15 0 0 
Synthesis of rubiadin and rubiadin glucoside. E. T. Jones. (E. 

Lond. CoU.) 8 0 0 

Chemistry of jS-lactones. A. Kandiah. (Imperial CoU.) ... 10 0 0 

Orientation by positive poles. R. J. W. Le Fevre. Univ. CoU., 

London) 16 0 0 

Isomeric changes in unsaturated dibasic acids. J. T. W. Mann. 

(Imperial CoU.) 10 0 . 0 

Synthesis of the glucoside of 6 : 6'-dibromoindigo. L. W. Mul- 

linger. (E. Lond. CoU.) 8 0 0 

Chemistry of 2 ; 3- and 4-methyl cycZohexanones. (Miss) M. P. 

Oomtnen. (Imperial CoU.) 10 0 0 

Tautomerism of unsaturated acids. L. G. B. Parsons. (Imperial 

CoU.) 7 10 0 

Side-chain reactivity in aromatic systems. C. S. Patel. (Leeds 

Univ.) 12 0 0 

Effect of so-caUed “ strainless ” rings on the carbon tetrahedral 

angle. K. A. N. Rao. (Imperial CoU.) 10 0 0 

Constitution and synthesis of certain glucosides, and the synthesis 

of certain hydroxy-acids. A. Robertson. (E. Lond. CoU.) 30 0 0 

Effects of poles in the simple three carbon system. E. Rothstein. 

(Leeds Univ.) 20 0 0 

Investigations of diphenyl compounds. (Miss) F. R. Shaw. 

(Bedford CoU.) ... 10 0 0 
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£ s, d. 

15 0 0 

10 0 0 

7 10 0 
10 0 0 

10 0 0 

10 0 0 

5 0 0 

10 0 0 

5 0 0 

15 0 0 
£411 0 0 

ANNUAL REPORTS ON THE PROGRESS OF 
CHEMISTRY. 

Fellows are reminded that application for the Annual Reports 
for 1928, Volume XXV, at 5s. 6d. per copy should be received by 
Mr. S. E. Carr without delay. Application must be accompanied 
by a remittance for os. 6d. " ' ~ ' 

last of Papers, or Abstracts thereof, received between November 
15th and I>ecember 20th, 1928. (This list does not include the 
titles of papers which have been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal.) 

** The alkalinity of soap solutions as measured by indicators.” By 
J. W. McBAisr and K. HlAY. 

‘‘The formation of liesegang rings as a periodic coagulation 
phenomenon,” By J. R, L Hepbubn". 

“ The degradation of Z-arabinose.” By V. Deulofeu and R. J. 
Selva. 

“ Aciivated magnesium.” By P. MAiTLAsno. , 

“ AT-Substituted derivatives of piperazine and ethylenediamine. 
Part I. The preparation of A/’-monosubstituted derivatives of 
piperazine and ethylenediamine.” By T. S. Moore, M. Boyle, 
and V. M. Thobit. 

“ A steam drying oven with detachable base.” By H. J. S. SAiino. 
“ Constitutional influences on the conversion of azo-naphthols into 
their azo-sulphites and their bearing on the structure of a- 
and p-naphthol.” By A. T. King, 


Symmetrical triad systems. C. W. Shoppee. (Leeds XJniv.) ... 
JEf.Af.JP. measurements in anhydrous ethyl alcohol. H. G. Simp- 
son. (E, Lond. Coll.) 

Nitrations of unsjmmetrical ethers of quinol. J. C. Smith. 

(Oxford Univ.) 

Three-csurbon tautomerism. B. S. Thakur. (Imperial CoU.) ... 
Certain additive properties of pipeiylene and isoprene. R. S. W. 

Thome. (Imperial CoU.) 

Heats of adsorption at low pressures. A. F. H. Ward.. (Cam- 
bridge Univ.) 

Investigations on the bivalency of carbon. A. M. Ward. (Sir 
John Cass Tech. Institute) 

Synthesis of xanthones and of xanthone glucosides. B. B. 
Waters. (E. Lond. CoU.) 

Substitution in the benzophenone and diphenylmethane series. 

W. A. Waters. (Durham Univ.) 

Reactions of halogens with certain organic acids and acid an- 
hydrides. H. B. Watson. (Bangor Univ. CoU.) 



“ Tertiary phospliines containing the w-bntyl radical.” By W. 0. 
Davies and W, J. Joistbs. 

“ The reaction between ferric sulphate solution and cuprous sul- 
phide.” By L. Whitby. 

“ The decomposition of methane. Part I.” By C. W. H. Joitbs. 

“ Note on the influence of colloids on the precipitation of salts.” 
By R. Dickinson. 

** The reduction of m-nitrobenzaldehyde and some of its derivatives 
in neutral solution.” By W. M. Gumming and J. C. Eaton. 

“Non-existence of isomerism among the (halkylteUuronium di- 
halides.” By H. D. K. Drew. 

“ The formation of quaternary ammonium compounds in solution. 
Part I. Influence of polarity of the solvent.” By R. N. Kerb. 

“ The synthesis of meao-ajkyl and meso-bxj\ anthracene derivatives. 
Part V.” By E. de B. Babnett and N. P. Goodway. 

“ The quaternary system : lead acetate-lead chlonde-aoetio acid- 
water at 25®.” By K. Sandved. 

“The mechanism of thermal decomposition of the normal par- 
aj06ns.” By E. N. Hague and R. V. Wheeler. 

“ Effect of the addition of hydrogen and water on the radiation 
emitted from the carbon monoxide flame.” By W. E. Garner 
and P. Roefey. 

“ Synthetical experiments in the i«oflavone group. Part 17. A 
synthesis of 2-methylirigenol.” By W. Barer and R. 
Robinson. 

“ Studies in the phenylsucoinio acid series. Part IX. The resolu- 
tion of r-diphenykuccin-a- and -p-naphthylamic acids into their 
optical antipodes.” By H. Wren and E. Weight. 

“Studies in the phenylsuecinio acid series. Part X. Raoemis- 
ation phenomena observed during the action of water and 
bases on the optically active diphenylsuccmio anhydrides.” 
By H. Wren and E. Weight. 

“ Note on the preparation of quinaldinyl chloride and quinaldinyl 
acetoaoetic ester.” By D. L. Hammtok and W. P. Dickinson. 

“ A synthesis of isoopianic acid.” By S. N. Ohakravarti and 
W. H. Perkin. 

“ Synthesis of 3 : 10-dimethoxytetrahydroprotoberb®ine.” By 
S. N. Chakravarti and W. H. Perkin. 

“ Nitro^lsulphurio acid. Part II,” By C. W. H. Jones, -W. J. 
Price, and H. W. Webb. 

“ A synthesis of isonaphthathioxin.” By A. Cohen and S. Smiles. 

“ The acylation of diazomethane. A criticism.” By T. Malkin. 

“ Asymmetric synthesis and asymmetric induction.” By A, 
McKenzie and A. G. Mitohell. 



120 

Some derivatives of the aliphatic glycols.” By G. M. Bennett 
and F. Heathcoat. 

“ The rearrangement of benzyl phenyl ethers,” By W. F. Shoet 
and M. L. Stewaet. 

The chlorination of phthalic acid in alkaline solution.” By E. E. 
Ayijng. 

“ The conversion of tetramethyl y- and S-glnconolactones to the 
corresponding mannonolactones, and of the trimethyl y- and 
S-xylonolactones to the corresponding lyxonolactones.” By 
W. KT. Hawoeth and C. W. Long. 

“ Mercury compounds of thiophen and selenophen.” By H. V. A. 
Beiscoe, J. B. Peel, and G. W. YotrNG. 

Basic chlorides and addition compounds from metallic chlorides 
and hexamethylenetetramine. Exceptional behaviour of 
nickel chloride.” By J. C. Ditff and E. J. Bills. 

“ The preparation of some metallic chromates.” By S. H. C. 
Beiggs. 

** ChromatocobaltiamiDines. Part 11. The dichromatotetrammine 
cobaltiates and the maximum co-ordination number of cobalt.” 
By S. H. C. Beiggs. 

“ The potassium and sodium acid salts of normal fatty acids.” By 
T. Malkin. 

“ The boric acids.” By L, F. Gilbeet and M. Levi. 

** The influence of substituents on the Reimar-Tiemann reaction.” 
By H. H. Hodgson and T. A. Jenkinson. 

“The methyl urethanes of the isomeric-a-hydroxyphenylethyldi- 
methylamines and their miotic activity.” By E. Stedman 
and E. Stedman (Mrs.). 

“ The velocity of decomposition of heterocyclic diazonium salts. 
Part IL Diazonium salts of the triazole series.” By J. 
Reilly and D. Madden, 

“ The preparation of a- and p-methyl glucoside.” By T. S. Pattbe- 
SON and J. Robbbtson. 

“ The chemistry of the three-carbon system. Part XX. cyclo- 
Pentylideneacetone and c^^rifopentylidenemethylethyl ketone.” 
By A. H. Diceins, W. E. Hugh, and G. A. R. Kon. 

“ The vapour density and pressure of ammonium iodide.” By 
R. H. PuECELL and W. de Lange. 

“ Hon-existence of isomerism among the dialkyl telluronium di- 
halides.” By H. D. K. Deew. 

“ Acid and salt effects in catalysed reactions. Part XIX. The 
catalytic activity of chloroacetic acid in the hydrolysis of ethyl 
acetate.” By H. M, Dawson and W. Lowson. 
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ADDITIONS TO THE LIBRAEY. 

I. Donations, 

Halda^tb, John Scott. Gases and liquids : a contribution to 
molecular physics. Edinburgh 1928. pp. xvi + 334. ill. 185. net. 
{Eecd. 4/12/28.) From the Publishers : Messrs. Oliver & Boyd. 

Nobdiska Kemistmotet, III. Forhandlingar och foredrag. 
Helsingfors 1928. pp. iv + 246. lU. [Beference,) 

From Professor Gustaf Komppa. 

Willstattbr, Richard [and others]. Untersuchungen liber 
Enzyme. 2vols. Berlin 1928. pp. xvi + 1775. iU. (Beference), 
M, 124. From the Author. 

II. By Purchase, 

Baeyer, 0. voK, and Geehardt, U. Die interferometrische 
Messung im Ultramikroskop sichtbar gemachter Teilchen von 200 
m fi Durchmesser. (Fortschritte der Chemie, Physik und physikal- 
ischen Chemie, Vol. XX.) Berlin 1928. 

Colloid Symposium Monograph. Papers presented at the sixth 
Symposium on Colloid Chemistry. New York 1928. pp. 346. 
ill. 275.net. (Becd. 23/11/28.) 

Fischer, Emil J. Die natiirlichen und kiinstlichen Asphalte und 
Peche. Dresden 1928. pp. ix + 114. M, 9.50. (Becd, 22/11/28.) 

Friend, John Newton. [Editor.] A text-book of inorganic 
chemistry. Vol. XI. OrganometaUic compounds. Parti. Deriv- 
atives of the elements of groups I to IV. By Archibald Edwin 
Goddard and Dorothy Goddard. London 1928. pp. xxviii + 
418. 265. net. (Two copies.) 

Haller, Robert. Chemische Technologie der BaumwoUe. — 
Mechanische Hilfsmittel zur Veredlung der Baumwolltextilien. By 
Hugo Glapby. Berlin 1928. pp. xiv + 711. ill. M, 67.50. 
(Becd, 22/11/28.) 

Handbuch deb allgembinen Chemie. Edited by Paul Walden 
and Carl Drucker. VH. Thermochemie. Arbeitsmethoden und 
Analyse der thermochemischen Daten insbesondere in dem Gebiete 
der organischen Verbindungen. By Wojciech Swietoslawski. 
Leipzig 1928. pp. xi + 253. ill. (Beference,) M, 25. 

Handbuch der Physik. Edited by Hans Geiger and Karl 
S cHEEL. Vol. VI. Mechanik der elastischen Korper. Edited by 
Richard Grammel. Berlin 1928. pp. xii + 632. ill. M, 59. 
(i^ecd. 23/11/28.) 

Hess, Kurt. Die Chemie der Zellulose und ihrer Begleiter. 
Mit einem Beitrag : Micellartheorie und Quellung der ZeUulose. By 
Johan Rudolf Katz : und einem Anhang : Das farberische 
Verhalten der BaumwoUe und der aus ihr hergesteUten Kunst- 



122 

fasern. By Egbert Haixeb. Leipzig 1928. pp. sxi + 836. 
ill. lf.59. (Eeaf. 22/11/28.) 

JoHsrsoN, Obed Simost. A study of Chinese alchemy. Shanghai 
1928. pp. xiv -f- 156. I2s. net. {Eecd, 24/11/28.) 

ScHLOMAiirsr, Alfred. [Editor]. lUustrierte technische Worter- 
biioher in sechs Sprachen : Deutsch, Englisch, Eussisch, Franzosi&^h^ 
Italienisoh, Spanisch. Xew edition. Vol. IT. Elektroteohnik iind 
Elektrochemie. Berlin 1928, pp.xxiv-j- 1304. ill. {Eeference.) M.BO. 

Stoklasa, J xjdius. Festschrift anlasslich des siebzigsten Geburts- 
tages. Edited by Ernst Gustav Boerell, Jaroslav EjSizENEOR^’, 
Eduard Eeich, and Bonus VlaCtl. Berlin 1928. pp. 434. Ql. 
M,22. 22/11/28.) ' 

United States. Departmeyit of Commerce. Bureau of Standards 
Journal of Eesearch. Vol. I, etc. Washington 1928+ , {Eeference.) 

WiNOHETiTi, Alexander Newton. The optic and microscopic 
characters of artificial minerals. Madison 1927. pp. xvi + 215. 
ill. 7a. 6d. net. (Eecd. 31/7/28.) 

Yob, John H. Photometric chemical analysis (colorimetry and 
nephelometiy). Vol. I. New York 1928. pp. xxii + 771. ill. 
42a. 6d. net. {Eecd. 18/10/28.) 

III. Pamphlets: 

Australia, Commonwealth of. Council for Scientific and 
Industrial Eesearch. Bulletin No. 37. Paper-pulp and cellulose 
from the eucaljpts by the sulphite process. By L. E. Benjamin and 
J. L. Somerville. Melbourne 1928. pp. 84. ill. 

Pamphlet No. 8. Methods for the examination 

of soils. By James Arthur Prescott and C. S. Piper. Melbourne 
1928. pp.52. ill, 

Pamphlet No. 9. A forest products laboratory for 

Australia. Justification for its creation, outline of its organization 
and rough estimate of its cost. By Alexander James Gibson, 
Melbourne 1928. pp. 28. 

Berry, Philip A. Liquor hydrogenii peroxidi : its assay, 
characters and tests, Adelaide 1928. pp. 11, 

Bolzinger, Antoine. Electrolytic corrosion of gas mains : a 
study of the phenomena. (From the Gas J., 1927, 179.) 

British Science Guild. Eeport of the Committee appointed to 
consider the reform of the British patent system. London [1928]. 
pp. 48. 

Cambridge Uniyersity. Abstracts of dissertations approved for 
the Ph.B., M.Sc., and M.Litt. degrees in the University of Cambridge 
for the Academical year 1926-1927. Cambridge 1928. pp. 89, 

Cohen, Barnett. S3Tithesis and indicator properties of some new 
sulphonphthaleins. (From the XJ.S. Public Health Eeports, 1926, 41 . 
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EngIjISH, L. L. Some prope3?ties of oil emulsions influencing 
insecticidal efficiency. (From the Illinois Natural History Survey 
Bulletin^ 1928, 17.) 

Eyasts, Edwaeb Victor. William Young memorial lecture. 
Edinburgh 1928. pp. 12. ill. 

Faris, Charles Heistry. The uses of nickel deposits for engmeering 
purposes. (From the Trans, Inst, Engineers <Ss Shipbuilders of 
Scotland, 1927.) ill. 

FuNif, Fbedbbick B. The so-called action of acid sodium 
phosphate in delaying the onset of fatigue. (From the U,S, Public 
Health Reports, 1926, 41.) ill. 

Menschuteot, Boris NiKonABViTSCH. A Russian physical 
chemist of the eighteenth century. [M. W. Lomonossow.] (From 
the J. Chem. Education, 1927, 4.) 

The work of Berthelot on the history of chemistry. 

Sosnovka 1927. pp. [25]. [In Russian.] 

The Hfe and activity of Eugen "Radislavovich Biron. [In 

Russian. English summary. n.d.] 

IVjtoES Department. Safety in Mines Research Board, Paper 
No. 43. Spontaneous electrification in dust clouds (with special 
reference to coal dust clouds). By Samuel Cyril Blacktin. 
London 1928. pp. 19. ill. 

Paper No. 44. The Safety in Mines Research Labora- 
tories, Sheffield : a description. London 1928. pp. 19 + 10 plates. 

— Paper No. 46. The ignition of firedamp by the heat of 

impact of rocks. By MAtTRiCB John Burgess and Richard 
Vernon Wheeler. London 1928. pp. 25. ill. 

Paper No. 47. Pyritic oxidation with special reference 

to the Ravine seam. By H. Macpherson, Neville Simpkin, and 
Sydney Victor Wild. London 1928. pp. 23 + 5 plates. 

Paper No. 48. The relative inflammability and 

explosibility of coal dusts. By T. N. Mason and Richard Vernon 
Wheeler. London 1928. pp. 13. ill. 

Sager, George F, A study of the production of chromium 
surfaces for retarding the corrosion of nickel at high temperatures. 
{Renesselasr Polytechnic Inst,, Eng, Sci, Series, No. 20.) 1927. 

ScHAEEEER, Georgbs [and others]. Recherches physiologiques 
sur les levains min4raux k base d’alun. (From the Bull, Soc, Sci, 
Hyg. Alimerdaire, 1928, 16.) ill. 

SciENTTETO AND INDUSTRIAL RESEARCH, Department of. The 
investigation of atmospheric pollution. Report on observations 
in the year ending March 31st, 1927. 13th report. London 1928. 
pp. iv + 54. 

Report of the Water Pollution Research Board for the year 

1927 — 8. London 1928. pp. iv + 18. 
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SciENTiiic AND Industeial Reseabch, Department of. Building 
Research, Bulletin No. 3. Effects of moisture changes on building 
materials. By Reginald Edwakd Stradling. London 1928. 
pp. iv 4- 22. ill. 

Bulletin Xo. 4. The manufacture of clay roofing tiles 

in France, Belgium and Holland. By W. A. MgIotyre and A. 
Zaiman. London 1928. pp. iv -f- 18. ill. 

Bulletin Xo. 5. The properties of breeze and clinker 

aggregates and methods of testing their soundness. By Frederick 
Measham Lea. London 1928. pp. iv + 17. 

Technical Paper Xo. 6. Thermal conductivities of 

walls, concretes and plasters. By Ezer Griffiths. London 1928. 
pp. iv + 19. ill. 

Forest Products Research. The uses of home-grown timbers. 

London 1928. pp. vi -f- 36. 

Fuel Research. Physical and chemical survey of the 

national coal resources. Xo. 11. The coalfields of Scotland. The 
carbonisation of “ Kinneil gas ” coal. London 1928. pp. vi + 35. 
ill. 

* Physical and chemical survey of the national coal 

resources. Xo. 12. The Bristol and Somerset coalfield. The 
carbonisation of Parkfield large gas ” coal. London 1928. pp. 
vi + 35. ill. 

SuMiNOKURA, Ktjnohiko, and Xakahara, Zenichi. a new 
colorimetric microdetermination of furfural. (From Tottori Nogaku- 
Kivaikd, 1928, 1). [In Japanese. Summary in English.] 

United States. Department of Agriculture, Circular Xo. 35. 
The commercial production of sauerkraut. By Edwin Lefevre. 
Washington 1928. pp, 30. ill. 

Technical Bulletin Xo. 16. Methods of extracting 

volatile oils from plant material and the production of such oils in 
the United States, By Arthur F. Sievers. Washington 1928. 
pp. 35. ill. 

Technical Bulletin Xo. 74. The value of inert gas as 

a preventive of dust explosions in grinding equipment. By Hylton 
R. Brown. Washington 1928. pp. 23. ill. 

Department of Commerce. Bureau of Standards. Circular 

Xo. 360. United States Government master specification for 
integral waterproofing material (for use with Portland cement 
mortar or concrete). Washington 1928. pp. 4. 

National Safety Council. Chemical Section. Final report 

of the Committee on spray coating. Chicago 1927. pp. 53. ill. 

Weimarn, Petr Petrovic [and others]. Dispersoidological 
investigations. Parts xii — xxiii. {From the Rep, Industrial 
Research InsL, Osaka, 1926 — ^28, 7 — 9.) 



ADDITIONS TO THE LIBRARY OR THE CHEMIOAL 
SOCIETY DURING THE YEAR 1927. 


A-R-n wRTTAT.T^ unTj Emil. [Editor.] Haudbtich der biologisohen 
Arbeitsmethodm. Abt. I. C9ieimsc]i.e Methoden, Teil 2, 1 Halite, 
H^to ii, iii aiid iv. Teil 3, 1 HlUlfte, Heft ii. Teil 11, Heft iii. 
Abt. XI. Cbemische, phjsikaliscbe imd ph;Bikalisoh-ohemisclie 
Methoden zur Untersuchtmg des Bodeos md der Pfianze, Teil 3, 
Hefte V and vi. Berlin 1926 — '1, 

Assoa, Ricshabd. See HeJinBuos dbb ABOBeAinscEOBN Geemie!. 
AcIA1>£uIBI DBS SoiBKOES DB l’UbIOB' DBS R&eTTBUQUBS SoVlfi- 
TiQtTBS SociAiiSTBS. Travaoz snr le radium et les minerals radio- 
aotife. 2 vols. Leningrad 1924 — ^1926. pp. -vin + 176, vi + 276. 
ill. [In Russian.] 

Adams, Wiuaabc Gbvixs. On Grove’s, Blantd’s, and Fame’s 
secondary batteries. London 1881. pp. 14. 

ABBOHATmcMDR^BABmCbuuixirBB. Reports and Memoranda. 
No. 1016. Smne phyrico-ohemioal studies on the eSeet of sunlight 
on cotton. By Guy Babb and Isabbi. Hodosob Hadbibld. 
London 1926. pp. 22. ill. 

^ — No. 1062. Dopes and detonatioh. 2nd report. By 

Hitoh liOBaBOUBBB Caidbedab. London 1927. pp. 31. ill. 

No. 1079. Sununajy by the Secretary Engine Sub- 
committee of a “Report on anti-knodk investigations.’’ By 
Aubbd [Cecabbbs Gi>yb] Eobbxob ani S. F. Gaxbs. London 

1926. pp. 13. iU. 

Axbbbta. 'SfmMpi and Ivdmirial Meaeart^ ComuU. Report 
No. 18. The bituminous sands of Alberta. By H. A. r}r-*i«f and 
S. M. Bzaib. Edmonton 1^7. pp. x -f 74. ill. 

Aiaihbmisiisohb BiAiieb'. Erste deutsohes Fachblatt fOr alle 
Gebmte der Ahihemie. Year I, etc. Berlin 1927 -f-. {Befermx.) 

Akbbiqab EiBOiCBoaHBMiOAi. SooiBTT. Transaotians. Yd. I, 
etc. Philaddphia 1902 (For dmdaHon.) 

Genmal indexes, Vols. I— XX, 1902—1911, Yob. 

XXI— XL, 1912—1921. South Bethlehem 1913, and New Yorh 

1927. (B^ar&ice.) 
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AuBBiGAisr Medioai. Assochatiok. Annual Beports of the 
Chemical Lahoiatoiy. Vol. 17 — 18, 1924—26. Chicago. {B^er- 
ence.) 

AnIlyst. See Sooibty or Pdblio Analysts aitd othbb 
Akalyticai. CHBWnSTS. 

AsDSJJm, Edwasd Netillb sa Costa. The steuctuxe of the 
atom. 3rd edition. , I/ondon 1927. pp. xx + 760. ill. 

AsCHBUTT, liEOKABD, and DeeSCiBY, Riohabd Houstto^. 
Lnbticatioh and lubricants. A txeaiiae on the thebc^ aiud 
jaaotice of lubrication, and <m the nature, prqperMes, and tesiiiig,' 
of lubricants. 6th edition. London 1927. pp. innrti 650. 
ill. 

Abhiv za Hmumr i Fasuaouxt. See Jugoslovenseos Hemu- 
SEOa DBUhTVA. 

Asustboeo, Hunm y Edwabd. Essays on the art and principles 
of chemisbrj, including the first Messd memorial lecture. London 
1927. pp. xxxii + 276. ill. 

Abeatx, Ebanois, and Hoboes, Ebanchs Wixxaau. Tlieoretical 
organic chemistry. Part H. London 1927. pp. x -f 330. ill. 

Abbbenius, Svaeis. Tbeorien der Ghemie. Translated by 
ATJgXT.s EiBKxiBTEiiir. . Leipzig 1906. pp. vii 4- 177. ill. 

Das Werden der Wdten. Translated by L. Bahbeboeb. 

Lmpzig 1907. pp. vi + 208. ill. 

Aasassas, [Ceoboe William]. Le mannel du parfumeor. 4th 
Erench edition. By BeeA Sobnex. Paris 1927. pp. vi + 142. 

in. 

AsooiAoidir MAdioa Abqbntina. Bevista. Vol. XXXIX, etc. 
Buenos Aires 1926 +. {Reference.) 

Beyista de Espeoialidades. -Vol. I, etc. Buenos Aires 

1926 +. (Reference.) 

Bevista do la Sociedad Argentina de Biologia y su filial la 

Sociedad de Biologia del Litoral. Vol. II, etc. Buenos Aires 
1926 4 . (Reference.) * 

Bevista de la Sociedad de Medicina Interna. Vol. II, etc. 

Buenos Aires 1926 4- (Reference.) 

/ Assoolaxiom oe Bbhish Oitemtoat, MANtrEAOxnKEBS. British 
Ommicals, their manufacture and uses : being the ofSoial directory 
ei the Association of British Chemical Manufacturers. London 
1^. pp. 242. (Reference.) 

AUBBBAOE, EbIEBBIOH. See HaEBBUUH BEB ASrOSaAEISOHEE 
Osbmib. 

Habobd, and Culleee, Osubss E. Hydrogen 
ini ,bboi^ta»^n 61 Hie blood in health and disease. Baltimoie 
19S6. xii 4 7S- 



Austbauu., CoMMOirwBAUTH OF. Coutusil for Sdentifie and 
Industricd Beeeardk^ Bulletin No. 31. Newsprint : preliminary 
ezperimeEnts on the grinding of immature, eucalypts for mechanical 
pulp and possibilities of manufacturing newsprint in Australia. By 
L. B. Bxxtjakin. Melbourne 1927. pp. 37. ill. 

Bulletin No. 32. A surrey of the tanning materials of 

Australia. By D. CoemUi. Melbourne 1927. pp. 136. 

BuUerin No. 33. The possibilities of power alcohol and 

certain other fuels in Australia. By G. A. Code. Melbourne 1927 . 

pp. 106. 

Oiroular No. 9. Preliminary report on Hie treatment of 

redgum or marri kino {Euoalyptas codophyUa) for the preparation of 
tannin extract. By B. GoohuIi. Melbourne 1927. pp. 14. 

AuwBBS, KabTi von. t^er die Bildung von Chinon-imiden und 
Phenoxazonen aus o-Amino-phenolen. Nach Versuchen von £. 
MObbs, £. SAtrawnm, G. Dnmxs, und J. ScHOBHSTsmir. (Port* 
schritte der Cihemie, Physik imd physikalischen Chemie, Yol. 
XVilL) Berlin 1924. 

Azo, E. F. See Staflbtoit, Henby Eknest. 

Baabs, E. tJber den Zustand des Ammoniaks in wSssriger 
LSsung. (Sammlung, YoL XXEX.) Stuttgart 1927. 

Ball, 3. A. B. See Babdobf, Osables F. 

Baijb, WHiIJAM Lawbexcx!. The purpose underlying equip- 
ment. 1921. pp. 13. iU. 

Babitbbbqbb, L. See ABBHKmxrs, Svaete. 

BAtnmTEB, CkABLBS OiiiDBK. See Qablasd, Eebbsbt. 

Babdobf, Chaeouss F., and Baix<, J. A. B. The elements of sugar 
refining. Easton, Pa. 1926. pp. x -f 240. ill. 

Babeeb, Sybeey Geobqe. See Bbtcisec Beseaboh Assocsation 
?OB THE WoOUtEN AED WOBSTED ISDnSTBIBS. 

Babb, Gxnr. See AEBOEAtmoAii Beseaboh CoMMxrrEE. 

Babbt, Thomas H bdiey, DBUMuoHn, Alas Ashby, and 
Moebehl, Bobebx Sehby. The chemistry of the natural and 
syntherio resins. Lond<m 1926. pp. x •)- 196. 

Babtoe, Fbaechs Bioemae. Nickel coinage. London [1926]. 
pp. iv 50. ill. 

Babysoheva, Eusabeth. Ober die Synthese der Gesclunaoiks- 
empfindungen. (From PflSgere Ardm, 1926, 21S.) 

Bates, Fbedebice. See UErrEi) States. Departmeni of Com- 
merce,^ Bureau of Standards. Scientific Paper No. 657. 

BAirn, Paxhei. Ghimielndustrielle. La grande industi^chimiqne^ 
les mStalloXdeB et leur compos4s les m4taux et teurs sds ; indnstrieH 
organiques. 2nd edition. Pam 1927. pp..xii 1022. ill. 

Beae, Peboy, and MoGleaby, William. Ilie ohemisttiy and 



practice of flnishing. A pcaoidoal treatise on bleadjing, and the 
finishing of white, dyed, and printed cottm goods. 3rd edition. 
2 Tols. iMandhestw 1926. pp. sdv + ^SA, xvi -f- 296. ill. 

BsBoa, I^RAascuifr. The dyeiog of cotton fabrics^ 3rd edition, 
revised by ABOHiBi£DjoH£rHAX£. Londonism. pp.z!iH-296. ifi. 

Bbll, Sm Wxuujc Jah&s, The Sale of Food and Drags Acts, 

. . . with notes and oases. 7th edition. ByCs&BnBsF.LLOTn and 
R. A. EorasrsoN. London 1^. pp. sm + 374 + 64. 

Bekjaiiik, L. R. /SfeeAnsmuaa, 00HHOi<rwBa!n!EO7. OmmeS 
for Seieatifie and Indu^riai Beseareh. 

Bannsax, H. H. See UNxran Sx.axbs. Department of Agri- 
eidtwre. Department Cfironlar 419. 

Bhbghim, 0la7. See Hawk, Ptttt.tp Bouvieb. 

BbbIt, Eeksx, and Bbaoks, A. Dber die Darstellnng von 
HataiTnacyanid aus LnftstiokstofE, Soda, nnd Kohle. (Fortsohritte 
do: Chemie, Physik nnd physikalischen Chemie, Yol. XVill.) 
Berlin 1925. 

Bbebt, AnraniB John. See Dootson, Febdeeiok William. 
Bsbxbelot, Masoslust. See Boutasio, Airairsizir. 
BBBXHOTTDjALraBD. Fhotochinue. Paris 1928. pp. viii + 324. ilL 
BlAIB, SxHBLBBiBX WlLLIAM. See ScKEiNXmO AND iNDtTSTBUL 
Besbaboh. Ghemistri/ Research. 

Bt.ath, S. M. See Albebxa. Scientific and Industrial Beseardi 
Council. 

Blasdalb, Walteb Ohables. EqnOibiia in saturated salt 
solutions : a summary of the results of the study of the hetero- 
geneous equilibria which exist in aqueous solutions of electrolytes. 
New York 1927. pp. 198. iU. 

BoABD 07 Eduoatioh. Report of HJd. ini^iectorB on the pro- 
vMan of instruction in pure chemistry in teohnioal colleges and 
schools in England. London 1927. pp. 11. 

BSeh, E., and Dietbioh, K. R. Reagenzien und ]Y&hrb6den. 
EiTtft Zusammenstellung der wioht^sten und zweckmass^ten Yor- 
Bchriften fSr die Laboratodumsprasds. Berlin 1927, pp. vii -{- 375. 
Boehm yon Boebneghi, Cabl. See Haitsbb, Ebnst A. 
BSbksxein, Riohabd. See Landoi/f, Hans Heinbioh. 

IhnrB, William Abieub, and Townend, Dohald Thomas 
AnTBSm. Flame and combu^on in gases. Lcmdon 1927. pp. 
xvi + 648. ilL 

'Ba^, Max. The mechanics of the atom. Translated by 
J. W. Eshbb and tevised by D. R. Habxbeb. London 1927. pp. 

m, - 

AvoiamsR. Maxcelin Bertiidot.{1827~1907). i^mis 

ti87i ; pp. m iiL 



Bbai}7, Fbask liAwnmoB. See Sarnsnsia asd IimtrsxBiAii 
Besbabch. Building Mesearch. 

Bbjjiss, a. See Bebi., Ebest. 

Bbehmer, WnaBUB vos. See Websnbb, Juuus voe. 

BbeecbZiET, Wikibbbd Elsie. laorganio jdant poisons and 
siimnlants. 2nd edition. Cambridge 1927. pp. z + 134. ill. 

BsmsH Assooiaxioe oe Oecemists. The Ghemioal Practitioner. 
Vol. I, etc. London 1927 +. (Beference.) 

BsmsH JoTJBNAL OE AoTiNorHBEAET. Vol. U, etc. London 
1927 +. (B^erenee.) ill. 

BsmsH Besbabch Assochatiok eob the Woolleh abb Wobstbd 
IS uDTTSTBiBS. An ontlioe of its activities. By Sydkby Gbobge 
Babeeb and A3 seoli> Ebobihheb. Leeds 1927. pp. iv + 47. ill. 

Bbtaet akd Mat Musehm oe Eibe-maeino ApmABOES. 
Catalogne of the exhibits. Compiled, vdth an introduction and 
notes, by Mxlleb Chbistt. London 1926. pp. viii + SSS. ill. 
(Ee/erence.) 

Buohebeb, Habs Theodob. See MdELAir, Biohabd. 

Bttebeb, Heebt Jajues. See Teatsee, Aa.oe Chbistiae. 

Bubdbkie, John Thomas. See Schentieio and Inddsteial 
Besbabch. Fud Besearch. 

Bubton, WmucAM Ejnninmond. The refraction of light and- 
lenses. London 1882. pp. [11], ill. 

BtrrLBB, Job B. Descriptive bibliography on oil and fluid flovr 
and heat transfer in pipes. (Erom BvU. Univ. Jftssom ScAooi of 
Mines and MeidSmgy, Taih. Series, 1926, 9.) 

BxrxLEB, John Alebed Yalenxine. llte chemical elements and 
their compounds: an introduction to the study of inarganio 
chemistry freon modem standpdnts. London 1927. pp. zii 066. 
ill. 

Oallendab, Hhoh Lonoboubne. See AEBONAimoAz. Beseaboe 
COMUIXTBB. 

Gamebon, Aleo Mhnbo. See Instechfe oe CnEMisrBT oe 
Gbeax Bbitatn and Ibeland. 

Cabfbnxeb, BEenbt Cobi Habold. Methods of growing huge 
metal crystals : btii% the fourth Sorby Lecture, d^vered on Friday,. 
October 22nd, 1926. [ShefBeld 1927.] pp. 31. iU. 

Cathoabt, C. H. The phenomena phosphorescenoe and 
fluorescence. London 1882. pp. [10]. 

Caven, Bob:^ Mabton. The foundatkms of chemical theory. 
2nd edition. London 1926. pp. zii 4- iQ< 

Atoms and molecnks : bmng Part 1 and Oiapter yiT of 

“ The foundations of chemical theory.” London . 1927. pp. viii 
+ 142. ill, • 
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CmiLTn[<osxKm!MiE» WissenschaftliclieBeiblatterzuderZeitscfarift 
“DerPapier-Fabrikant.” Year YU, etc. Berlin 1926 +. (Beference.) 

Chapman, Ahfbed Chaston. See Instetutb op Chemistby op 
Great Britain and Ireland. 

Ohemioal Enoinbering and Chemical Catalogue. A catalogue 
of heavy and fine oheamcals, raw material, machineiy, plant, and 
equipment applicable to production industries, standardised, con- 
densed and cross-indexed. Compiled with tiie <K>-operatlon of 
leading British manufacturers. Edited by Dudley Maurice 
Newtet. 3rd edition. London [1027]. pp. 404. ill. (jRe/cremie.) 
Ohemioal Praotitionbr. ^SccBEmsH Association of Chemists. 
Chemical Society op Japan. Bulletin. Vol. I, etc. Tokyo 
1926 +* (Beference.) 

Chimie bt Industrie. Dix ans d’efforts scientifiques et indus- 
triels- 1914 — 1924. 2 vols. Paris [1926]. pp. xxxii + 1562, vi + 
1608. ill. {BeferenceJ) 

Chimib Industrielle d’apr&s les travaux les plus r4cents. Par 
un professeur de chimie. 2 vols. [n.d.] pp, 274 + 43 plates. 
{Reference,) 

Chisholm, John. See Bon, John. 

Christy, Miller. See Bryant and May Museum op Fire- 
making Apptjances. 

Clark, Alfred Joseph. Applied pharmacology. 2nd edition. 
London 1927. pp. x + 430. ill. 

Clark, George L, Applied X-rays. New York 1927. pp, xiv -f* 
266. in. 

Clark, K, A. See Alberta. Scientific and Indzcstrial Research 
OmndL 

Claude, Georges. Air liquide, oayg^ne, azote, gaz rares. 2nd 
edition. Paris 1926. pp. iv-f424. iU. 

Clenshaw, W. J, See SciENTrac and Industrial Research. 
Engineering Research, 

Cloton, E,, and Gbtmaux, A. Nouveau dictionnaire Anglais- 
FEan9ais et Frangais- Anglais. New edition. By J. McLaughlin. 
^ris [1914]— 1923. pp, xxiv + 1237, xviii + 1341. (Reference,) 
OoGHiLL, D- See Australia, Commonwealth OP. CmmUfor 
SdmMfie and Industrial Research, 

. CoMBN^ Ernst. Physico-chemical metamorphosis and some 
problems in piezochemistry. New York 1926. pp. x + 190. ill. 

OmxiNS,W. D. Theradioactivity of natural waters. (From the 
IJJf. Bedl€^ Reports^ 1926, 41.) 

SpcposiuM Monograph. Pap^ presented at the 
on Colloid Chemistiy. New York 

^ iB. 



CoHMissioK ON Stahdabdisation op BiOLoaiOAi^ SiiJNS. See 
Stain Teohnologt. 

Compton, Abthue H. X-rays and deotrons : an outline of 
recent X-ray theory. New York 1927. pp. xvi -{■ 404. ill. 

Compton, tTa-bt. Hayws,, and Mohlbb, Need L. lonisiemngs- 
nnd A 3 Qregongsspannangen. (Fortschritte der Chemie, Physik und 
physikalisohen Chemie, Vbl. XVlil.) Berlin 1925. 

Cook, 6. A. See Atjsteaua., OoMMOiirwBALTH op. CowncU for 
Seientifle and Industrial Besearch. 

Coombs, Prank Andeew. See Welch, Maboxts Baldwin. 

CoopEB, Hebmon Charles. See Holleman, Arnold Pbedeeik. 

CtoBSON, M. G. Aluminium : the metal and its alloys (a critical 
desciiptiTe treai^). Jncludiag chapter on “ stmcturography ” 
prepared in co-operation with J. B. Vilella. New York 1926. 
pp. XK -f 292 -f- 122 plates. 

Coward, Hubert Prank [and others]. The explosibility of 
methane and natural gas. (Bulletin 30, Mining and MetaUurgioal 
Investigations.} Pittsburgh 1926. pp. viii -}- 42. ill. 

CowpER, AxiPbed Denys. See Somumsia and Industrial 
Beseaboh. Building Research. 

Cramer, Marc. Les sucres et leurs dSriv^. Paris 1927. 
pp. xiv + 354. ill. 

Crane, E. J., and Patterson, Austin MoDoweil. A guide to 
the litoature chemistry. New Ycark 19@7. |ip. zii -j- 438. ill. 
(Reference.) 

Creighton, Henry Jebmain. Principles and applications of 
eleckrochemistiy. Vol. I. New York 1^4. pp. x + 446. ill. 

Csipps, Ebnest Charles. Plou^ Court : the story of a notable 
phanna(y, 1715 — 1927. London 1927. pp. xviii 228. ilL 

Crooeeb, Jambs CoDBiNOTON, and Matthews, Prank. Theoreti- 
cal and experim^tal physical chemistry. London 1927. pp.viii-f 
582. ill. 

CuzxEN, Gi^nn E. See Austin, Joshua H^old. 

CuSHKY, Arthur Bobebtson. Biological rdations of optically 
isomeric substances. London 1926. pp. ix -j- 80. ill. 

Damher, Bruno, and TiETZBj Oskar. Die nutzbaren Mmeralien 
mit Auanahme der Erze und Kohlen. 2nd edition. YoL l. Stutt- 
gart 1927. pp. XX -f 554. ill. 

Dassleb, Adolf. See Thbtl, Alfred. 

Davey, N. See ScuBHrma and Industrial Besearoh. 
BtUlding Resect. 

Davis, B.O.E. Nee United States. D ^ rtmerapfAgrundture . 
Department Oircnlar 419. 

Davison, WiLBURT C. Sec Waksman, Selman A. 
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Dbast, JoEisr. The orgamc oompoxmds of telluriom and selenium 
belongii^ to the alcohol series. Goettingen 1865. pp. yi + 
Bsbijit, BioHAia> Moxnm'OBi). See Abosbutt, LzoNAsn. 
Dbihbs, G. See Auwma, Tt AUT. tok. 

PnwiiB, Ladt. See Bswab, Sm Jaues. 
i>EWAB, Sm Jaues. Collect^ papers. Edited by Lai>y Bewab 
[and others]. With two supplementaiy papms not heretofore 
publi^ed. 2 toIs. Cambridge 1927. pp. xEii 674, z, 675 to 
1490. ill. 

Bet, Btmae Bihabi. Presidential address. (Prom ibe Proe, 
13% Indian Science Gongreae, Section of Chemistry.) 1926. 
BiBTBroE, E. E. See B6sa., E. 

BoiiOH, M. See EEDMAjm, Ebeest. 

Boe, Jobe. The filtration and purification of water for 
public supply. (Excerpt liOnutes of Proceedings of the Meetings 
of the Institution of Mechanical Engineers, 1909.) pp. 210. 
ill. 

Boe, Jobe, and Chtshoim, Jobe. Modem methods of water 
purification. 2nd edition. London 1913. pp. xriii -{- 398. ill. 
(Second copy.) 

Boeau), Eosebt. a Wassermaim micro-technique needing only 
occasicnial titration of the complement. (Prom the BrU. J. Derm. 
Syphilis, 1923, 35.) 

BooTSOE, Peedebiok Whiiam, and Bekbt, Abthob Jobe. 
Pirst principles of chemistry. Cambridge 1927. pp. Tiii 340. 
ffl. 

Bomr, Mabioe Posteb. Sdenium ; a list of references, 1817 — 
1926. New York 1927. pp. iv -f 114. {Beference.) 

BoYiE, Aida M. [Editor.] Bigest of patents relating to coal- 
tar dyes and allied compounds. United States patents issued prior 
to January 1, 1924. Easton, Pa. 1926. pp. viii + 586. (Ee/er- 
mce). 

Beummoed, Alae .Ashby. See Bakey, Thomas Hediet. 

Byeb, Calioo Brinter, Bleacher, and Finisher. Vol. LVJI, etc. 
London 1927 {Reference.) 

Easxebwood, Heeby W. See Wackjamae, Whjjam H. 

Edeb, Josm Mabia. Ausfiihrliches Handbuch der Photo- 
gra^e. Yol. IE, But 1. Die Grundlagen der photographischen 
NegatiTYerfahren. By [HiEBicrcrs] LOybo-Gbameb. 3rd edition. 
Byie (Saale) 1927. pp. x-f814. ill. 
l^WAsns, JuEius Bayid. Aluminium bronze powder and 
New York 1927. pp. 104. ill. 

Gbye. See AEBOEAtmoAE 

liiBHtABicig OomEonssa. 
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Eisbklohe, Ebsitz. Der molekulare Brechungskoeffizient in der 
Beihe der Polymethylenverbindungen. (Portschritte der Chemie, 
Ehysik imd physikalisclien Chemie, VoL XVIII.) Berlin 1925. 

Eetel, WiLHEm. See Losenz, Eicharb. . 

EujIOtt, M. B. See Society of Pxjbijg Analysts anb other 
Analytical Chemists. 

Ellis, Oliver Colegny be Champeleur. See Mines Bepart- 
MENT. Safetj/ in Mines Besearch Board. 

Elworthy, E. T. Helium in Canada. (Canada, Department 
of Mines. Mines Branch No. 679.) Ottawa 1926. pp. iv + 94. ill. 

ERBMAiinsr, Ernst, and Dolch, M. Die Chemie der Braunkohle. 
2nd edition, Halle (Saale) 1927. pp. xiii + 289 + 321. ill. 

ErnIhbung ber Pelanze. Blustrierte Halbmonatsschrift iiber 
Eortschritte im Ackerbau und landwirtschaftlichen Dungewesen 
des In- und Auslandes. Year XXTIT, etc. Berlin 1927 +. 
{Reference.) 

Ewalb, Peter Paul. Die Eeflexion und Breohung des Liohts 
als Problem der Elektronentheorie. (Eortschritte der Chemie, 
Physik und physikalischen Chemie, VoL XVIII.) Berlin 1925. 

Ferrer, Erwin. See Schultz, Gustav. 

Fterz-Davib, Hans Ebuarb. Kunstliche organische EarbstoSe. 
Berlin 1926. pp. xvi + 720. ill. 

Einkblstein, Alexis. See Arrhenius, Svante. 

IhsokEB, Joseph. Die Zerstaubungserscheinungen bei Metallen 
unter besonderer Berucksiohtigung der mechanisch-thennisohen 
Zerstaubung und der elektrischen StofiEverdampf ung. (Fortsdiritte 
der Chemie, Vhjsiik und physifcalischen Caxemie, VoL XIX.) Berlin 
1927. 

Fisher, J. W. See Born, Max. 

Foob Manufacture : the journal of the food industry. VoL I, 
etc. London 1927 +• lH- {Reference.) 

Ford, William Ebbnezbb. Studies in the caJcite group. (From 
the Trans. Conn. Acad. Arts ScL, 1917, 22.) 

Fortschbitte ber Chemie, Physik unb physiealisohen 
Ghemib. VoL XVm, etc. Berlin 1924r-26 +. {Reference.) 

Foster, William. The romance of chemistry. New York 1927. 
pp. xvi 4- 468- ai. 

Fowler, Alfred. See Physical Society of London. 

Fox, Cyril S. Bauxite : a treatise discussing in detail the ongin, 
cohstitutibn, known occurrences, and commercial uses of bausite; 
and including particulars regaining the present condition of the 
aluminium industry and the peculiar importance of cryolite in the 
extraction of aluminium from bauxite. London 1927. pp. xii 4- 
312. iU. 
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EatoKssL, SiaMUNB. Bie Ar 2 aieiimttel-Syn.these. Auf Grund- 
lage der Beziehtmgen zwischen ohemischem Auibau xmd Wirkong. 
6th editioa. Berlin 1927, pp. vii + 936. 

BREBEKKUirG, H. jSee Suvern, Kiuii. 

'EBrnmuscs, Limwia. See Mj^osams, BmJAms Max. 

!Eeitz, Fbux. Bas Linoleum nnd seine [FahrikBrtidn mit beson* 
derer BerucksichMgnhg seiner GescHohte, l^enischeften nnd Ver- 
wendtmg. Berlin [1926]. pp.377. ill. 

Ibobishxb, Abeoxj>. See BnmsH Besea^bcih AssocnAosoN fob 

THE WOOIXEN AXD WOBSTEB InDTOOTIBS. 

GABXAin), Hebbebt^ and BAifrirESTEB, GhabxiES Olden. Ancient 
Egyptian metalltirgy. London 1927. pp. adi + 214. ill. 

GABGStOD, Abohtbald Edwaed. Libom errors of metabolism. 
2nd edition. London 1923. pp. viii + 216. 

Gabztilt, R. Qrganometalle. (Sammlimg Vol. XXIX .) 
Stuttgart 1927. 

Gates, S. E. See Aeronautical Research Committeb. 
GATTBEOSsi, R. M. Distillation des plantes aromatiques et des 
parfums. Paris 1926. pp. vi + 152. ill. 

Gattebjicann, Ludwig. Die Praxis der organischen Chemikers. 
20th edition. Edited by Heineioh Wibland. Berlin 1927. 
pp. xii + 382. ill. 

Geiger, Hans. See Handbuch der Physik. 

Gibson, Charles Stanley. See Sodbau, William Horace. 
Gimingham, Conrad Theodore. See Tatterseield, Fredbrice. 
GnoNGHAM, Conrad Theodore, Massbe, A. M., and Tatters- 
ETELD, Fbederioe. A quantitative examination of the toxicity of 
3 : 5-dmitro-o-cresol and other compounds to insect eggs, under 
laboratory and field conditions, (B^om the Ann. Applied Biol., 
1926, 13.) 

Glanvtlle, W. H. See Scientiho and Industrial Research. 
Btiilding Beseareh. 

Qodbbbt, a. L. See Mines Department. Safely in Mines 
SesemA Board. 

Goodwin, William. See Kellner, Oskar. 

Gottlob, [Kurt]. Technology of rubber. Translated from the 
Qennah edition of 1925 by Joseph L. Rosenbaum. London 1927. 
pp*xvi + 350. ill. 

Ctov30EtHMENT LABORATORY. Report of the Government Chemist 
& . for the year ending 31st March, 1926, etc. London 1926 +. 

; Grammeti, Richard. See BUot>buch dee Physik. 

John Wilebid, and Ridley^ Charles Korman. 
sctooe d roadmaking, London 1927. pp. xvi + 138- 
Wl 
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Gbebnbueo, Leokakd. Benzol poisoning as an industrial 
hazard. (From the U£. Pvblic Health Reports, 1926, 41.) ill. 

GKBEisrwELii, Allan. See Mines Depabtment. Safety in Mines 
Research Board. 

Gboiaux, a. See Clifton, E* 

Geossfelp, Johann. Anleitung zur Untersuchung der Lebens- 
mittel. Berlin 1927. pp. xii + 410. ill. 

GtriLP, John. A trichromatic colorimeter suitable for 
standardisation work. (From the Trans. Optical Soc., 1926 — 6, 
27.) ill. 

Haas, Aethue. Atomic theory: an elementary exposition. 
Translated by Teeence Veeschoyle. London 1927. pp. xiv + 
222. ill. 

Habee, Feitz. Aus Leben und Beruf : Aufsatze, Reden, 
Vortrage. Berlin 1927. pp. vii + 173. ill. 

Hadfield, Isabel Hodgson. See AEEONAxmcAL Reseaech 
Committee. 

Hadfield, Sie Robeet Abbott. Metallurgy and its influence on 
modem progress, with a survey of education and research. London 
1925. pp. xvi + 388. ill. 

Haggard, Howaed W. See Henderson, Yandell. 

Hale, William J. See United States National Reseaech 
Council. 

Hals- White, Sib Wuxiam. Materia medioa, pharmacy, pharzn- 
acology, and therapeutics. 19th edi^on. London 1927. pp. viii + 
712. 

Hall, Aechibald John. Textile bleaching, dyeing, printing 
and finishing machinery. London 1926. pp. 320. ill. 

See Beech, Franklin. 

Hanoook, George Charles. A report on the occurrence of 
glass fragments in foods packed in glass containers. {Ministry of 
HeaUh Reports on Pvhlic Hecdih and Medical Sttljects, No. 37.} 
London 1927. pp. iv + 36, ill. 

Report on an outbreak of illness at Poplar suspected to be 

due to local pollution of the water supply. {Ministry of Health 
Reports on PiMio Health and Medical Std^ectSy No. 41.) London 
1927. pp. iv + 27. ill. 

Handbuoh deb anobganisghen Gsimm. Ikiited by BsmMJSD 
Abegg, Feiedeich Aueebaoh, and Iwan Kopbbl. Vol. IV. Part 
1. i. pp. xii + 966. ill. {Refermce.) 

Handbuoh deb HoiLomwxssENSOH^ in Einzeldabstel- 
LUNGBN. Edited by Wolfgang Ostwald. VoL II. KoHoid- 
chetmie dear Starke. By Maximilian Sambo. Dresden 1927. pp. 
adx + 609. m. 
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Ha^dbtjgh deb Physik. Edited by Habs Geigeb and Kael 
Sgheel. VoL I. Gesohichte der Physik. Vorlesungsteclmik. 
Edited by KAiOj Sgheel, Berlin 1926. pp. vii + 404. ill. 

VoL II. Elementare Einheiten und ibre Messnng. 

Edited by Kabl Sgheel, Berlin 1926. pp. viii + 522. ill. 

Vol. V. Gmndlagen der Mechanik. Mechanik der 

Punkte nnd stairen Kdrper. Edited by Richabd Gbammbl. 
Berlin 1927. pp. xiv + 623. ill. 

VoL Vn. Mechanik der flussigen und gasformigen 

Eorper. Edited by Richabd Gbammbl. Berlin 1927. pp. xi + 
413. in. 

VoL VTTT Akustik. Edited by Eeedinahd Treh- 

DBLBHBUBG. Berlin 1927. pp. x + 712. ill. 

— : Vol, IX. Theorien der Warme. Edited by Erttz 

HsisnsrnsrG. Berlin 1926. pp. viii + ^15. ill. 

Vol. XI. Anwendung der Thermodynamik. Edited 

by Eeitz Henning. Berlin 1926. pp. vii + 454. iH. 

Vol. XIV, Elektrizitatsbewegung in Gasen. Edited 

by Wilhelm Westehal. Berlin 1927. pp. vii + 444. iU. 

Vol. XV. Magnetismus. Elektromagnetisches Feld. 

Edited by Wilhelm Wbstphal. Berlin 1927. pp. vii + 632. 
ill. 

Vol. XVI. Apparate und Messmethoden fur Elek< 

trizitat und Magnetismus. Edited by Wilhelm Westphal. 
Berlin 1927. pp. ix + 801. iH. 

Vol. XVXE, Elektrotechnik. Edited by Wilhelm 

Westphal. Berlin 1926. pp. vii + 392. in. 

Vol. XVin. Geometrische Optik. Optische Kon- 

stante. Optische Instrumente. Edited by Heinbich Konen. 
Berlin 1927. pp. xx + 865, 31. 

VoL XXII. Elektronen, Atome, Molekule, Edited 

by Hans Geigeb. Berlin 1926. pp. vii + 568. in. 

Vol. XXm. Quanten. Edited by Hans Geiger. 

Berlin 1926. pp. x + 782. 31. 

Vol. XXIV. Negative und positive Strahlen. 

Zusammenhangende Materie. Edited by Hans Geigeb. Berlin 
1927. pp, xi + 604. 31. 

BLSlNSbn, Earn CkniSTiAN. See Nielsen, Roger. 

BUsDENj Abthdb. See Lovtby, Thomas Martin* 

Habtbee, B. R. See Born, Max. 

Hauser, Ernst A* Latex, Sein Vorkommen, seine Gevnn* 
nnng, ISgenschaften some technische Verwendting. Mit einem 
Ashmjg : . Fatentubezsicht, bwbmtet von Oabl Boehm von 
Boebseigg, Breeden 1927, pp. xn + 231, ill. 
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Hawk, Philip BoxrvniB, and Bbegbim, Olap. Practical physio- 
logical chemistry, 9th edition. Philadelphia 1926. pp. xviii + 
932. ill. 

HEEEiffAKK-WoLP, LiSBETH. See Maegosches, Benjamin Max. 

Hendbeson, Yaotell, and Haggaed, Howaed W. Noxions 
gases and the principles of respiration influencing their action. 
New York 1927. pp. 220. lU. 

Heni>eick, Jambs. The evolution of the fertiliser industiy. 
(Erom the Tram. HigMand Agric. Soc. Scotland, 1927.) 

Henning, PErrz, See Hanobuch dee Physik. 

Heezog, Alois. Die Unterscheidung der Flaohs- und Hanffaser. 
Berlin 1926. pp. viii + 110. ill. 

Heezog, Bbginald Olivbb. [Editor.] Chemische Teohnologie 
der organischen Verbindungen. 2nd edition. Heidelberg 1927. 
pp. xii + 997. ill. 

Heslinga, J, See Thoepb, Jocelyn Fielb. 

Hevbsy, Georg von. Das Element Hafnium. Berlin 1927. 
pp. Iv + 49. ill. 

Die seltenen Erden vom Standpunkte des Atombaues. 

(Struktur der Materie in EinzeldarsteUungen.) Berlin 1927. 
pp. vii + 140. ill. 

Hildetch, Thomas Percy. The industrial chemistry of the fats 
and waxes. London 1927. pp. xvi + 462. 

Hoaee, AJiEbei). An ItaKan dictionary. Cambridge 1925. pp. 
xxxii -f £06. (Beference.) 

Hodges, Feanois William. See Aenall, Francis. 

Holleman, Arnold Febedbeik. A text-book of inorganio 
chemistry. Issued in English in co-operation with Hebmon 
Charles Cooper. 7th English edition. New York 1927. pp. x + 
542. m. 

Horsfall, Eonald S., and Lawbie, Leslie Gordon. The 
dyeing of textile fibres. London 1927. pp. xii + 416. 

Howe, Harrison E., and Ttjrnbe, Francis Mills. Chemistry 
and the home. New York 1927. pp. xii + 356. 

HtJCKEL, Walter. Der gegenwartige Stand der Spannungs- 
theorie. (Fortschritte der Chemie, Physik und physikalischen 
Chemie, Vol. XIX.) Berlin 1927. 

-Katalyse mit kolloiden Metallen. (Kolloidforschung in 

EinzddarsteHungen.) Leipzig 1927. pp. viii -f 86. ill. 

HtJTTiG, GtrsTAV F. tjber Gitterbestandteile, die im Kristall- 
gitter vagabundieren. (Fortschritte der Chemie,. Physik und 
physikalischen Chemie, Vol. XVIII.) Berlin 1924. 

Hume, William Fraser. The nitrate shales of Egypt. (From 
the Mem, Inst, Bgyptien, 1915, 8.) 
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Htod, KaiBDBiOH. Linienspektren und periodisohes System 
der Memento. (Stmktnr der Materie in Einzeldarstellnngen.) 
Berlin 1927. pp. vi 4- 221. ill. 

Husain, M. Hibayat. See Stapleton, Henby Ebnest. 

Industbial Ohebust and Chemical Manufactnrer. Vol. 3, etc. 
liOndon 1927 +• {For circ^dcdim,) 

Institttt Intbbnational be Chimie Solvay. Deuxieine Conseil 
de Cbimie tenu a Bruxelles du 16 au 24 Avril 1925. Structure et 
activite chimiques. Hapports et discussions, Paris 1926. pp. xiv 
+ 672. ill. {Eeference.) 

Instttute op Chemistry of Great Britain anb Ireland. Eire 
risks in industry. ByALEcMuNRO Cameron. London 1927. pp.21. 

— - The growth of the profession of chemistry during the past 
half-century (1877 — 1927). By Albreb Cbaston Chapman. 
London 1927. pp, 23. 

Institute of Fuel. Proceedings, Vol. I, No. 1. London 1927. 
pp. iv 4* 112. ill. 

Institute of Metals. Journal. Vol. I, etc. London 1909 4'* 
{For circvlaticm,) 

1 . Name-Subject index to vols. I — XXV, 1909 — 1921. 

London 1922. {For cirauJkttion.) 

Lststitution of Petroleum Technologists. J oumaL Decen- 
nial index, Vols. I — ^X, 1914 — 1924. London 1926. pp. 116. 
{Eeference,) 

International Conference on the Biological Stanbardiz- 
ATiON OF Certain Remebies, Second. (From the U.8, Pvblic 
HeaUh Eeports, 1926, 41.) 

Iron anb Steel Industry and British Foundryman. Supple- 
ment to ** The Metal Industry.” Vol. I, etc. London 1927 4*- 
(Eeference,) 

Japan. Imperial Academy, Proceedings. Vol. IT, etc. Tokyo 
1926 4-. (Eeference,) 

Jaquet, Ebianubl- Theorie der Adsorption von Gasen. (Fort- 
schritte der Chemie, Physik und physikalisohen Chemie, Vol. 
xvni.) Berlin 1925, 

Jawein, L. See Menbblbbff, Dmitri Ivanovitoh. 

Jelltnee, Karl. Lehrbuch der physikalisohen Chemie. 2nd 
.editdon. VoL I, etc. Stuttgart 1927 +. 

; Jennings, Arthur Seymour. Paint and colour mixing; a 
f,ig^UQsA handbook. 7th edition. London 1926. pp. 341, ill. 

Johnson, George Stillingflebt, Chemical and molecular 
^blUly* London 1882. pp. £5]. 

On absence of su^ from normal human urine, (From 

ihe MeA,-Ohir, Tram,, 1894, 76.) 
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Jokes, J. A. See [Wab Ofeiob.] Research Department^ Wool- 
wich. 

JouBNAii OE Pomology ako HoBTiotrLTORAL Scibkcb. VoL V, 
etc. London 1925 +• (Reference.) 

JxjGOSLOVENSKOG HEmjSEOG Dbttstya. Sehcijc Zagreb, Arhiv 
za Hemiju i Parmaciju. Vol. I, etc. Zagreb 1927 +. (Reference.) 
EIaofleb, Felix. See Lobbnz, Eiohabd. 

Katjsoh, Osoab. Das Kieselsauregel nnd die Bleicberden. 
Berlin 1927. pp. iv + 292. ill. 

EIayb, Gbobgb William Clabkson. High vacua. London 
1927. pp. xii+176. ill. 

Eayseb, Hetnbich. Tabelle der Hanptlinien der Linienspektra 
allerBlementenach Wellenlangegeordnet. Berlin 1926. pp.viii + 
198. 

Keg3bdb:l, Maubicb de. Trait4 g6n4ral de la fabrication des 
colies, des glutinants et mati^res d*appr6ts. Paris 1926. pp. iv + 
714. m. 

Kellkeb, Oseab. The scientific fading of animals. Authorised 
translation by William GooDwnsr. f2nd edition.] London 1926. 
pp. xiv + 328. 

Kekdall, James. See Smith, Albxakbbb. 

Kbot-Jokes, Douglas William. A study of the effect of heat 
upon wheat and flour especially in relation to strength. Dover 

1926. pp. Vi + 116. m. 

Modem cereal chemistry. .Bevised [2nd] edition. Liver- 
pool 1927. pp. viii + 446. ill. 

E^idd, Fbaneltk. See SoiBNTmc anu Industrial Rbsbabch. 
Food Investigation. 

Kidd, M. IT. See SciEisrTmc and Industrial Rbsbaboh. Food 
Investigation. 

King, Gbobgb. See Levy, Ernest Isaac. 

King, James Grieve. See Soientifio and Industrial 
Rbsbaboh. Fnel Research. 

Kiemgabd, E. N. Lubricating greases : a book of practical and 
scientific data on the manufacture and use of lubricatuig greases. 
New York 1927. pp. 198. 

Kloosteb, Henby S. van. See Kbuyt, Hugo Rudolph. 
Kogbbman, Paul Nicolai. The chemical nature of Estonian 
oil-shale. The origin of oil-^ales. (From the Sitz. Nat.-Qes. XJniv^ 
1927, 34, (2).) 

jSee Weidbkpass, N. 

Kogbbman, Paul Nicolai, and Kbanig, J. Physical constants 
of some alkyl carbonates, (From the Acta Comm, Univ, 

1927, a12.) 
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KoiJiOiDCHEMiscBCB Tbohkologib. Ein Handbuch kolioid- 
cKemischer Betrachtungsweise in der cbemisclien Industrie 
und Teclmik. Edited by Raphabi* Ed. Ltbsegahg. Dresden 
1926—27. pp. x+1047. iU. 

Koumom^ I. Jf. Konduktometriscbe ^Titrationen. Dresden 
1923. pp, vii + 94. iH. 

With the collaboration of Hbensich MsaszEL. Die Mass- 

analyse. Teil I. Die theoretischen Gnmdlagen der Massanafyse. 
Berlin 1927. pp. adi -f* 264. ill. 

Konbb, Hbinbich. See Hatobuch deb ItarsiK. 

Koppbd, Iwab. See TTAnnoBtrcH deb ABOBGAPriscHEN Cheboe. 

Ebais, PauIi. See Wibskeb, Julius von. 

Kbamebs" Engelsch woordenboek : Engelsch-Eederlandsch en 
Nederlandsch-Engelsch. 10th edition. By F. P. H. Peick van 
Wely. Gouda 1926. pp. viii -|- 1260. ill. (Reference.) 

Kbanig, J. See Kogebman, Paul Nicolai. 

Kbutt, Hugo Rudolph, and Kloosteb, Henby S. van. 
Colloids ; a textbook. New York 1927. pp. xii + 262. ill. 

Kuhlmann. Cent ans d’industrie chimique. Les etablissements 
Kuhlmann 1825 — 1926. Paris 1926. pp. 138. ill. 

Kuhn, Altoed. See Wemaen, Pete Petbovic von. 

Landeb, Cecil Howabd. See SoiBNTmo and Industbial 
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Landolt, BLans Heinbich, and BObnstein, Richabd. Physik- 
alischchemische TabeUen. 5th edition. Erster Erganzungs- 
band. Edited by Waltheb Adolf Roth and Kabl Soheel. Berlin 
1927. pp, X + 919. ill, (Reference.) 

Lasabefp, P, Untersuchungen uber die lonentheorie der Reizung. 
Parts V — (From PJiugers Ardiiv. /, d. ges. Physiol. 1922 — ^26, 
197—214,) 

Lauby, N. a. Hydrochloric acid and sodium sulfate. New 
York 1927. pp. 127, iU. 

La Wall, Chables H. Four thousand years of pharmacy ; an 
outlme history of pharmacy and the allied sciences. Philadelphia 
1927. pp. xvi + 666. iU. 

I^WBts, Leslie Gobdon. See Hobsfall, Ronald S. 

liffi Chateleeb, Henby. La silice et les silicates. Paris 1914. 
pp. iv + 574. ill. 

Le Compte, T. R. See Van Nostband. 

Lbdbuby, Wilfred. See Scientific and Industbial Research. 
'^^isiry Research. 

,1^ La opncentiation en ions hydrog^ne de Peau de 

in4ir. Le pH; mdthodesdemesure; impor^hce ocdanographique, 
g&iogl^e, bfologique. Piris l926. pp. viii + ^2. ill. 
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Lbssheim, Hans, and Samttbl, RudoIiF. Die ValenzzaJil und 
ihre Beziehtingen zum Bau der Atome. (Fortschritte der Chemie, 
Physik und physikalisohen Ghemie, VoL XIX.) Berlin 1927, 

Lewenaxj, Johann Edlen von. Ghemische Abhandlung uber 
das Selen. Wien 1823. pp. viii + 144 + 3 tables. 

Lewis, Eenbst Isaac, and Kma, Gbobgb. The making of a 
chemical: a guide to works practice. London 1927. pp. 288. 
ffl. 

Liesegang, Raphael Ed. See Kolloidchemische Tbchno- 
logib. 

Linden, B. A., Tuenek, W. R., and Thom, Ghakles. Food 
poisoning from a streptococcus m cheese. (From the U.S. Pvblic 
HeaMh Beporta, 1926, 41.) 

Linton, R. G. Animal nutrition and veterinary dietetics. 
Edinburgh 1927. pp. xii + 400. ill. 

Lippmann, Edmund Oseab von. Studien zur Geschichte der 
Chemie : Festgabe zum siebzigsten Geburtstage. Edited by 
Julius Rusea. Berlin 1927. pp. vi + 242. 

Little, Geobgb. On selenium and some of the seleniurets. 
GSttmgen 1859. pp. 40. 

Lloyd, Charles F. See Bell, Sib William James. 

Loeb, Leonard B. Kinetic theory of gases. . . . Classical 
deductions with recent experimental advances. New York 1927* 
pp. xvi + 656. ill. 

Lobenz, Riohabd, and Eepbl, Wiihblm. Pyrosole : das kol- 
loide Phanomen in der gluhend dussigen Materie und seine Eistar- 
rungs-zustande. Unter Berucksichtigung des latenten photograph- 
ischen Bildes. (Kolloidforschung in Einzeldarstellungen.) Leipzig 
1926. pp. X + 290. 

Lorenz, Rechabd, and ELauileb, Felix. Elektrochemie gesoh- 
molzener Salze. Leipzig 1909. pp. vi + 84. ill. 

Lowry, Thomas Martin, and Russell, Sib [Edward] John, 
The scientific work of the late Spencer Pickering, F.R.S, With a 
biographical notice by Arthur Hapdbn- London 1927. pp. 2C + 
248. m. 

Lt$7F0-0aAUEB [Hcmcnxs]. See Edbb, Josbb Masia., 

Mc<k.BABT, WnjJiAM. See Bms, Pbbo7. 

McGosssiSj, Fraitois Joss. See Scnssissia ass iHonsTBiAi. 
Resbabos. Building Besearch. 

MoLattghlin, J. See Giabtos, E. 

Maoiaab, Httoh, and Maousas, Iba Smbdlbt. Lmithin and 
allied substances. The lijans. [2nd] edition. Ijcmdon 1927. 
pp. viii + 220. 

Maobbab, Ida Smbdlby. See Maoiaab, Huoh. , 



18 


Mabgosohes, Benjamin Max^ with, the collaboration of Ltowig 
Fbiedmaisin and Lisbeth HsEBMANN-Wcijr. Die Jodzahlschnell- 
methode tind die Oberjodzahl der Eette. Die Aktiviening des 
Jods dnrch Wasser. (Die chemische Analyse. VoL XXV.) Stutt- 
gart 1927. pp. X + 228. {Eeference,) 

Mabe, Hermann. Die Verwendnng der Rontgenstrahlen in 
Chemie und Technih. Leipzig 1926. pp. xvi + 628. ill. 

Marsh, James Ernest. Stone decay and its prevaition. 
Oxford 1926. pp. vi + 68. 21. 

Martin, Arthxtr John. The activated sludge process. London 
1927. pp, xiv + 416. 21. 

Martlet, John Francis, See Scientific and Industrial 
Research. Forest Products Research, 

Mason, T. N. See Mines Department. Safety in Mines 
Research Board, 

Masses, A. M. See Gbunoham, Conrad Theodore. 
Matthews, Franx. See Crocker, James Codrington. 
Meggers, W. F. See United States. Department of Commerce, 
Bureau of Standards. Scientific Paper No. 651. 

MENDELtiEiT, Dmitei [Ivanovich], Grundlagen der Chemie. 
Translated by L. Jawein and A. Thillot. St. Petersburg 1891. 
pp. iv + 1126. 21, 

The law of periodicity. (Classics of Natural Science, Vol. 

15.) Moscow 1926. pp, vin + 256. ill. [In Russian.] 
J^BNSCHUTKZN, BORIS NiKOLAEViTSOH. Carbocyclic compounds. 
Leningrad 1926. pp. vni + 388. [In Russian.] 

Mbnzel, Heinbioh. See Kolthopp, I. M. 

IBeulbn, Henri ter. See Thorpe, Jocelyn Field. 

Meyer, Jumus. Der Gaskampf und die chemischen Elampfstofie, 
2nd edition, Leipzig 1926. pp. xiv + 470. ill. 

Meyer, Stepan, and Schweidlbb, Egon. Radioaktivitat. 2nd 
edition. Leipzig 1927. pp. x + 722. ill. 

Miall, Stephen. Chemical reflections. London 1927. pp. 39. 
Michablis, Leonor- Hydrogen ion concentration : its signific- 
ance in the biological sciences and methods for its determinations. 
Vol. I. Authorised translation from the 2nd • . . German edition. 
By William A. Peblzwbig. Baltimore 1926. pp. xiv + 300. 
IS. 

Mines Department. Safety in Mines Research Board, Paper 
r ifo. 1. Memorandum on explosives for use in fiery and dusty mineS} 
SSB& the methods of testing them. By the Explosives ia Mines 
Research Oommittee. London 1923. pp. 12. 

Paper No. 2. The application of stone dust in coal 

mines. [By Allan Gjseenwell.] London 1923. pp. 58. Hi. 
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MmES Dbpabtment. Safety in Mines Research Boa/rd. Paper 
No. 3. Coal dust explosions, Eskmeals, 1923 : a descriptive account. 
By Riohard Vernon Wheeler. London 1924. pp. 29. ill: 

Paper No. 4. Pirst report of the Explosives in Mines 

Research Committee, 1922 — 1923. London 1924. pp. 12. 

Paper No. 5. Flame-proof electrical apparatus for 

use in coal mines. First report — flange protection. By Ira Cboij:i 
Frank Statham and Richard Vernon Wheeler. London 1924, 
pp. 50. ill. ^ 

Paper No. 6. The support of underground workings 

in the South Wales coalfield. (A report of the Support of Workings 
in Mines Committee.) London 1925. pp. 15. 

Paper No. 29. The pressure wave sent out by an 

explosive. Part II. By William Payman and W. 0. F. Shep- 
herd. London 1926. pp, 28. ill. 

Paper No. 30. The support of underground workings 

in the East Midland Coalfield (Yorkshire, Derbyshire excluding South 
Derbyshire, and Nottinghamshire). London 1927. pp. 48 + 14 
plates. 

Paper No. 31. Laboratory methods of determining 

the inflammability of coal dusts : historical survey and preliminary 
examination of the problems involved. By A. L. Godbbrt. 
London 1927. pp. 68. ill. 

Paper No, 32. Hie study of flame movement. By 

Oliver OomaNY db Champelbur Ellis. London 1926. pp. 35. 

m. 

Paper No, 33. The inflammation of coal dusts : the 

effect of the chemical composition 'of the dust. By T, N. Mason 
and Richard Vernon Wheeler. London 1927. pp. 20. 

Paper No. 34. Safety in mines research station, 

Buxton. A description. London 1927. pp. 45. ill. 

Paper No. 35. Flame-proof electrical apparatus for 

use in coal mines. Third report — ^ring-relief protection. By H, 
Rajneord and Richard Vernon Wheeler. London 1927. pp. 
21. ill. 

Paper No. 36. The ignition of gases by hot wires. By 

W. C. F. Shepherd and Richard Vernon Wheeler. London 
1927. pp.26. m. 

Catalogue of books, pamphlets, abstracts, translations, 

etc., in the Library. [Sheffield] 1927. pp. 103. [In mimeograph 
form.] (Reference.) 

Ministry or Health. Report of the Departmental Committee 
on the treatment of flour with chemical substances, London 1927, 
pp. 24. 
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MObius, Mabtdt. Die Farbstoffe der Pflanzen. Berlin 1927. 
pp. vii + 200. ill. 

MOhIiAIT, Riohabd, and BtrcHmsB, Hai^s Theodob. Farben- 
ohemisches Praktikuxn. 3rd edition. Berlin 1926. pp. x + 390 + 
7 pattern cards. 

MoHiiEB, Feed L. See Comptok, Kabl Taylob. 

Moissabt^ B[E]!inEa. Bechercbes sur Tisolment du fluor. Paris 
1837. 

Le fonr electrique. Paris 1897. pp, viii + 386. ill. 

Mobieb-WiiAiIams, Goedon Wicjkham. The determination of 
benzoic acid in foodstuffs. {Ministry of Health Reports on PvMie 
HeaHHi and Medical Sidjjects, No. 39.) London 1927. pp. iv + 57. 

ai. 

The determination of sulphur dioxide in foods. {Ministry 

of Health Reports on Pvblic Health and Medical S'ud^ects, No. 43.) 
London 1927. pp. vi + 56. ffl. 

Mooxebji, Bbitdeb. Rasa-jala-nidhi, or. Ocean of Indian 
chemistry and alchemy. Vol. I. Compiled in Sanskrit with 
English translation. Calcutta [1926]. pp. xxiv + 350 + vi. {Two 
copies.) 

Mobbbll, Robbbt Seiby. See Baeby, Thomas HEPiiBY. 

. Mobeis, H. M. See TATTBESiXBiiD, Frebbbiok. 

Moss, Kenneth Nbvhjle. Gases, dust and heat in mines. 
London 1927. pp, xii + 233. ill, 

MtiiBEB, Eeioh, Die elektrometrische (potentiometrische) Mass- 
analyse. 4th edition. Dresden 1926. pp. viii + 246. ill, 
MtTiXEB, Wole Johannes. Unterrichtsprobleme in Chemie und 
ohemisoher Technologic im HinbHck auf die Anforderungen der 
Industrie. Wien 1927. pp. 17. 

Mx5bbe, E. See Auwers, Kabl von. 

NaehtaIiI, Max, Chemie, Technologie und Analyse der Naph- 
thensauren. Stuttgart 1927. pp. 144. 

National Benzole Assooia^on and University oe Leeds. 
Joird BmssoU Research Committee, Fourth report. London 1927. 
pp. 248. iQ. 

Natu ubwetensohaefelejk TirDSOHBiET. Tolk van Afdeelingen 
I en m van het Vlaamsch Natuur- en Geneeskundig Congres. 
Year Viil, etc. Antwerpen 1926 +• {Reference,) 

Nkblette, C, B. Photography, its principles and practice : a 
tttoual ... for use in colleges, technical institutions, and by the 
advanced student of the science. [New York] 1927. pp. xviii + 

€41 sn. 

^ Nebnst, Waltheb. Theoretische Chemie. 1 1th — 16th edition. 
Stiitlgarfe 1926. pp. xvi + 928. ilL 
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New South Wales. Legislative Assembly. Beport of the 
Director-General of Public Health for the year ended 31st December, 
1925. Section 1.-0. Industrial hygiene. Section IV. Sixteenth 
Report of the Microbiological Laboratory. Sydney 1927. pp. [46], 
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New Yohk State. Department of Health. Standard methods 
of the Division of Laboratories and Research : general laboratory 
procedures and the methods used. [Baltimore, Md.] 1927. pp. 
XX + 704. ill. 
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Chemioal Catalogue. 

Nxelsest, Roger. The Emil Oiristian Hansen Memorml erected 
in Ribe by the Alumni Association of the Wahl-Henius Institute, 
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Oddo, Giuseppe, Trattato di chimica inorganica. Palermo 
1925. pp. xvi + 868, ill. 

Ogilvib, Alexander. See Parrish, Percy. 

Olephant, E. M. See SoiEisTTmc and Industrial Research. 
Forest Products Research. 

Olsen, John C. See Van Nostrand. 

Oppbnheim, Alphons. Beobachtungen ueber das Tellxn und 
einige seiner Verbindungen. Goettingen 1857. pp. 36. 

Oppbnhetmeb, Carl. Die Pennente und ihre Wrrkungen. 5th 
edition. Vol. HI. Die Methodik der. Pennente. Edited by Carl 
Oppbnhbimer and Ludwig Pincussen. Part I, etc. Leipzig 
1927 +. 

OsTWAiD, Wilhelm. Lebenslinien : eine Selbstbiographie. 
3 vols. Berlin 1926 — 1. pp. viii + 268, xii + 446, xii + 482. ill. 

OsTWALD, Wolfgang. Die Welt der vemachlassigten Dimen^ 
sionen. EineEinfubrungindieKolloidchemie. 9thandl0thedition. 
Dresden 1927. pp, xvi + 325. ill. 

See Handbuoh der Kolloidchemib in Einzeldarstel- 

LUNGEN, 

Painton, Edgar Theodore. The working of aluminium. 
London 1927. pp. x + 214. ill. 

Parrish, Percy, and Ogilvie, Alexander. Artificial fertilisers : 
their chemistry, manufacture and application. Vol. I. London 
1927. pp. 356. iU, 
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Paybian, William. See Mines' Department. Safety in Mines 
Research Board. 



Penfold, Abts^tb Bamon. Some indiisMal uses of the oil of 
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Phtsical Society of London. Eeport on series in line spectra. 
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PiNcussBN, Ludwig. See Oppenheimbr, Carl. 
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PuLLTN, V. E., and Wiltshirb, W. J. X-rays past and present. 
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Rbmy, Hbinreoh. Die elektrolytische Wasserliberfiihrung und 
ihie Bedeutung fur die Theorie der wasserigen Losungen. (Fort- 
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Berlin 1927. 

Research Association of British Flour-Millers. 2nd Annual 
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Verarbeitung und Verwendung, Leipzig 1926. pp. xii + 324. 
iU. 

SlNDiG, Kurt. See Scheiber, Johannes, 



24 


Samec, MASTMiLiAiir. See Hatobxtoh deb Kolloidwissen- 

SCHAFT IN ElNZEIiDABSTELLOTTGEN. 

Samtjed, Rudolf. See Lesshedi, Hans. 

Sano, Shezuwo. Scientific papers. Tokyo 1926. pp. xii + 340. 
Slo PAUiiO. Facfiddade de Medicma. Annaes, Vol. I. Sac 
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1926. pp. viii + 568. 31. 

ScHWEiDLBE, Egon. See Meyee, Stefan. 

SdENTmo AND iNDUSTBiAii Beseaegh, Department of. Report 
of tests ... on the Freeman multiple retort of the British Oil 
and Fud Conservation, Ltd., Willesden. London 1926. pp, vi + 
35. m. 

Report of test on the ** fusion ” rotary retort installed at the 

works of Mectro-bleach and By-products, Ltd. London 1926. 
pp. Yi + 21. ill. 

The anodic oxidation of aluminium and its alloys as a 

protection against corrosion. London 1926. pp. iv + 40. ill. 

The deaning and restoration of museum exhibits : third 

repcort upon inv^tigations conducted at the British Museum. 

^ London 1926. pp. 70 + 58 plates. 

Second Report of the Gas Qylinders Research Committee. 
^l^ibpDdical heat treatment.) London 1926. pp. iv + 29 + 13 

‘ Cb-opeacative industrial research: an account of the work 
ef asscxfiatb under. the Government scheme. London 

pp* viii + in. 
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SoiBNTmo AND Inddstbial Ebseaboh, Depajrtment of. Eeport 
of the Stone Preservation Committee, London 1927. pp. 
iv + 33. ill. 

BmHing EeaeartA. Special Eeport No. 8. Fire-resistant 

construction. By Ebginald Edwabd Straducng and Fbank 
Lawbbncb Beady. London 1927. pp. vi + 57. ill. 

Special Eeport No. 9. limes and lime mortars. By 

Aleebd Denys Cowpee. London 1927. pp. vi + 81. ill. 

Technical Paper No. 3. The permeability of Portland 

cement concrete. By W. H. QianvUiLE. London 1926. pp. 
vi + 60. ill. 

Technical Paper No. 4. The determination of free lime 

in hydraulic cement. By Frank Laweenoe Beady and Francis 
John McConnell. London 1926. pp. iv + 13. 

Technical Paper No. 5. The consistence of cement 

pastes, mortars, and concrete. By N. Davey. London 1926. 
pp. viii 4* 54. ill. 

Chemistry Research, Special Eeport No. 1 . The production 

of formaldehyde by oxidation of hydrocarbons. By Wilerid 
Lbdbuey and Ethelbeet William Blair. London 1927. pp. 
iv + 54. ill. 

Engineering Research. Special Eeport No. 1. Properties 

of materials at high temperatures. I. Mechanical properties of 
Armoo Iron, 0*17 per cent, carbon steel, and 0-24 per cent, carbon 
steel, with special reference to creep. By H. J. Tapsbll and W- J. 
Clenshaw. London 1927. pp. viii + 60. 

Special Eeport No, 2. Properties of materials at high 

temperatures. 11, Mechanical properties of 0-51 per cent, carbon 
steel, and 0-53 per cent, carbon cast steel. By H. J. Tapsbll and 
W. J. Clenshaw. London 1927. pp. iv + 16. ill. 

Food Investigation, Special Eeport No. 27. Temperature 

conditions in refrigerated holds carrying apples. , By A. J. M. 
Smith. London 1926. pp, vi + 62. ill. 

— * Special Eeport No. 28. Bitter pit in apples : a review 

of the problem. By A. J. M. Smith. London 1926. pp. iv + 
24. id. 

Special Eeport No. 29. Temperature conditions in 

small cold storage chambers containiiig fruit. By A. J. M. Smith. 
London 1926. pp. iv + 37. ill. 

— Special Eeport No. 30. Gas storage of fruit : the use 

of artificial atmospheres of regulated composition . . . for the 
purpose of preserving fresh fruit duriog overseas transport or in 
land stores. By Franklin Kidd, Oyeil West, and M. N. Kidd. 
London 1927. pp. viii + 85. ill. 
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SoTEOTisio InbtjstbiaIi Rbseaeoh, Depairfcment of. Forest 
Products Besearch, Special Eeport STo. 1, The air-seasoning and 
conditioning of timber. By F. M. Olephaot. London 1927. 
pp. vi + 26. ill. 

Technical Paper No. 1. The movement of moisture 

with reference to timber seasoning. By S. T. 0. S!nriLWEiii:i. 
London 1926, pp, iv + 29. ill. 

Technical Paper No. 2. Moisture movement through 

wood : the steady state. By Johk Francis Mabtley. .London 

1926. pp, iv + 22. ill. 

Fud Besearch. Fuel for motor transport : fourth memoran- 
dum. Power alcohol from grasses, straws, and waste vegetable 
materials. London 1927. pp. vi + 26. 

Physical and chemical survey of the national coal 

resources. No. 7. Methods of analysis of coal. London 1927. 
pp. vi + 35. ill. 

Physical and chemical survey of the national coal 

resources, No. 8. An investigation of the caking power of coal. 
By John Thomas BuBDEKDsr. London 1927. pp. iv + 21. ill. 

— Physical and chemical survey of the national coal 

resources. No. 9. The Lancashire coalfield : the Bavine seam. 
Part ii. Carbonisation in continuous vertical retorts. London 

1927. pp. vi 4- 37. ill. 

Technical Paper No. 15, Carbonisation of coal in 

continuous vertical retorts. Holmside (Durham) coal witl^ 
experiments on the production of coal gas of high calorific value. 
London 1926. pp. iv + 44. ill. 

Technical Paper No. 16. The primary decompositicm 

of coal. 1. The temperature of initial decomposition. By James 
Grieve King and Egbert Ernest Willgbbss. London 1927. 
pp. vi 19. ill- 

Technical Paper No. 17. Low temperature oarbonis- 

^ion. Vertical retorts at H.M. Fuel Eesearch Station. By Ceoil 
Howard Lander and J. Fraser Shaw. London 1927. pp. 7. 
ill. 

Shapiro, A. M. See Eoshdestvensky, A. P. 

^ Shaw, J. Fraser. See Scibntieio and Industrial Research. 
" WudBesearcJh, 

&2KHEBD, W. 0- F. See Mines Department. Safety in Mines 
Bmmch Board. 

SiDGWicK, Nevil Vincent. The electronic theory of valency. 
Oxford 1927. pp.xii + 310. 

- SaiPiOT,N®V30GLB,«^ Coal and alli^ 

sahlects: a compendium of bulletins 10 to 16 issued by the 
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Liancasliire and Cheshire Coal Research Association [1922 — 1925.] 
London [1926]. pp. viii + [176]. iU. 

SmKATT, Fbank Sturby. See Simpkut, N'eyille. 

SiiOKASOw, S. F. See Wbimarn, Petr Petrovto voit. 

Smith, [AiiEXAHDEr]. Inorganic chemistry. Revised and re- 
written by Jambs Ki^dall. New York 1926. pp. xxxviii + 
1030. ffl. 

Smith, A. J. M. See Soientuhc ahb Industrial Research. 
Food Imestigaiion. 

Smith, Edgar Pahs. Old chemistries. New York 1927. pp. 
xii + 99. ill. 

SooiBDAD Argentina be Biologia. See Asooiaoi6n Mi^dica 
Argentina. 

SooiBBAB BE BioLOGiA BEL Litoral. See Asociaci6n MSbica 
Argentina. 

SooiEBAB BE Mebicina Interna. See Asooiaoi6n M4bica 
Argentina. 

Society of Chemical Industry, Japan. Journal. (Kogy5 
Kwakaku Zasshi.) Supplemental binding. VoLXXX, etc. Tokyo 
1927 +. 

SooiETy OF Public Analysts and other Analytioal Chemists. 
Decennial Index to The Analyst. Vols, XLI — (1916 — ^1926). 
Compiled by M. B. Elliott. Cambridge [1926]. pp. 354. (fie/er- 
ence.) 

SoBBAU, William Horace. The decomposition of chlorates, 
alone and in presence of other substances. London 1898. 
pp. 48. 

SoBEAU, William Horace, and Gibson, Charles Stanley. The 
use of plaster of Paris as an impression mateiial. (Prom the 
British DerUcd J., 1927.) ill. 

SoRNET, RsNi. See AskinsOn, George. 

Spencer, Jambs Prbderick, Elementary practical physical 
chemistry. London 1927. pp. viii + 264. ill. 

Spielmann, Percy Edwin. Chemistry. London 1927. pp. 80. 

Stain Technology. Published by the Commission on Stand- 
ardisation OF Biological Stains. Vol. I, etc, Gteneva, N.Y. 
1926 +. (Reference,) 

Stapleton, Henry Ernest, Azo, R. F., and Husain, M. 
Hidayat. Chemist^ in ‘Iraq and Persia in the tenth century a.d. 
(From the Mem, Asiatic Soc, Bengal^ 1927, 8.) 

Statham, Ira Cecil Frank. Mines Department. Safety 
in Mines Research Boards 

Stevens, Henry Potter. The paper mill chemist. Srd 
edition. London 1926. pp. viii -f 317. ill. 



Stbwabt, AxiFBSD Walter. Becent advances in organic 
chemistry, 6th edition. 2 vols. London 1927. pp. siv + 387, 
xiv + 382. ill. 

STrLLWBLi,, S. T. C. Bee ScmNTmc and Industrial Research. 
Forest Proiucls Besearch, 

Stolte, Henrioh, TJeber organische Selenverhindnngen. 
Berlin 1887. pp. 48* 

Stowell^ Flaxney PsmorvAL. Physical and chemical condi- 
tions in the sea.-water of the Zoological Society’s aqnarinm — 
comparison with the water of the open sea. (Prom the Proo. Zoci. 
Soc., 1925,) 

The purification of sea-water by storage. (From the Proc, 

Zooi. Boc., 1926.) 

Stbache, Hugo, and Ulmann, Heinrioh. Leitfaden der 
Tecfanologie der Brennstoffe. Leiprig 1927. pp. x + 471. ill. 

Stbadling, Reginald Edward. /See Scientifio and Industrial 
Research. Building Research, 

SxiVEBN, Kart.. Die kunstliche Seide : ihre Herstellnng und 
Verwendung. 6th edition. With the collaboration of H. Predeb- 
siNG. Berlin 1926. pp. xx + 1108. ill. 

SuiiERiAN, Al bert. Lehrbuch der ehemisch-technischen Wirt- 
schaftslehre. Stuttgart 1927. pp. x + 283. 

Sullivan, Michael Xavier. A distinctive test for cysteine. 
(Prom the U.8. Public Health Reports^ 1926, 41.) 

Survey oe Ambrioan CHEi^nsTBY. Bee [United States] 
National Research Council. 

SuTEBHEiSTER, Edwin. Casein and its industrial applicatioios. 
New York 1927. pp. 296. ill. 

Tague, Edgar L, Casein: its preparation, chemistry, and 
teclmical utilization. [New York] 1926. pp. vi + 218. ill* 
Tapsbll, H. J. Bee Scientieto and Industrial Research. 
EngineeriTig Research, 

Tattbbssteld, Prbdekcck. Bee Qimingham, Conrad Theo- 
dore. 

Tattbeseield, Predebick, Gimingham, Conrad Theodore, 
and Morris, H. M. Studies on contact insecticides. Parts I to 
. IV. (From the Ann. Allied Bicd., 1926 — ^26, 12 — ^13.) 

Taylor, Hugh Stott. Elementary physical chemistry. Adapted 
,fBOTt “A treatise on physical chemistry.” New York 1927. pp. 
x +632, ill. 

— ^ Bee Ridbal, Eric ELeightley. 

Thxtha Recorder. VoL XUV, etc. Manchester 1927 +. 
{Meiermo^) 

Thayssn, Aagb Osdsist^ and Bunker, Henry Jambs, lie 
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microbiology of cellulose, bemiodluloses, pectin and gums. 
London 1927. pp. viii + 364. ill. 

ThbUi, Altobd, Basslbb, Aboup, and Wulfeen, F. tJber Azo- 
Indikatoren vom Typus des Methylgelb, Methylorange, tind Methyl- 
rot. (Fortschritte der Chemie, Physik und physikalisohen Chemie, 
Vol. XVm.) Berlin 1924. 

ThilIiTOt, a. See MendelIseot, Dmetbi Ivaitovitch. 

Thom, Chahbes. See Liistden, B. A. 

Thoms, Hekmahh. [Editor.] Handbuch der praktisehen und 
wissensohaftliohen Pharmazie. Vol. V. Parts ii and iii. Vol. VI. 
Parts ii-v. Berlin 1926 — ^27. 

Thomsoh, John MtTjLab. On the action of light upon certain 
substances and its application to photography. London 1882. 

pp. [10]. 

Thoentoh, William M., jun. Titanium : with special reference 
to the analysis of titaniferous substances. KTew York 1927. pp. 
262. iU. 

Thokpb, Jooelyh Field, and Whitblby, Maetha Ahihe. A 
student’s manual of organic chemical analysis, qualitative and 
quantitative. Beissue, with appendix on new methods of organic 
analysis, by Henke Teb Mbulen and J. Heslenoa. London 1926. 
pp. X + 260. ill. 

Tibtzb, Oskab. See Dammeb, Bbttno. 

Tolman, Biohabd C. Statistical mechanics with applications 
to physics and chemistry. New York 1927. pp. 334. 

Towistend, Donald Thomas Albbed. See Bone, William 
Abthub. 

Tbendblbnbtjbg, Febpinand. See Hahdbitoh deb Physik. 

Tbieb, Gbobg. See Wintebstein, Ebnst. 

Tsoheboh, Alexandeb. Festschrift fur Alexander Tschirch 
zu seinem 70. Geburtstag am 17. Oktober 1926. Qemdmet 
von Freunden und Schtilem. Leipzig 1926, pp. xii + 448. 
ill. 

Tueneb, Fbanois Mills. See Howe, Harrison E. 

Tubneb, W. B. See Linden, B. A. 

Twyman, Frank. Two lectures on the development and present 
position of chemical analysis by emission spectra. London [1927]. 
pp. 43. ill. 

Tyler, Chaplin. Chemical engineeriug economies. New York 
1926. pp. x + 272. ill. 

TJlmann, Hbinbich. See Stbaohe, Hugo. 

Union Intebnationale db la Ohtmib Pure bt AppziQufiB. 
Rapport du Comit6 de Travail de B6forme de la Nomenclatuie de 
Ghiihie Min6rale. Paris 1926. pp. 20. 
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United States. DeparimeTUofAgncvMure, Department CSrcuIar 
419. Grouping of soils on the basis of mechanical analysis. By 
R. 0. E. Davis and H. H. Bennett. Washington 1927. pp. 14. 

Department of Commerce, Bureau of Standards. St^dards 

Yearbook 1927, Washington 1927. pp. 408. ill. (Beference,) 

CSreular No. 33. [4th edition.] United States 

Go vemment master specification for cement, Portland. Washington 
1927. pp. 18. ill. 

^ — Circular No. 323. United States Goveinm^t 

master specification for cement, plastic magnesia (magnesiar-OEy- 
chloride) used as flooring, bases, wainscots, etc. Washington 1927. 
pp. 16. ill. 

Scientific Paper No. 551. Absorption spectra of 

iron, cobalt, and nickel. By W. F. Meggebs and F. M. 
Waltebs, jun, Washington 1927. ill. 

Scientific Paper No. 557. A suggested new base 

point on the thermometric scale and the a — ^ inversion of quartz. 
By Fbedbbick Bates and Fbanges P. Pheups. Washington 1927. 
iU. 

[United States] National Reseaboh Coxtnoil. A survey ol 
American chemistry. Vol. I, July 1, 1925 to July 1, 1926. Edited 
by WnxiAM J. Hale in co-operation with Clabencb Jay West. 
New York 1927. pp. 258. {Beference.) 

Univebsity oe Leeds. See National Benzole Association. 
Univebsity oe Minnesota. Collected research papers from the 
Division of Agricultural Biochemistry. Vol, I, 1923—26. St, 
Paul 1927. (Beference.) 

Van Nostband's Chemical Annual : a handbook of useful data 
for analytical, manufacturing, and investigating chemists, chemical 
engineers, and students. Edited by John C. Olsen and T. B. Le 
O oMPTE. 6th issue, 1926. London 1927. pp. xvi + 882. HI, 
. (Beference,) 

Vebne, J. Les pigments dans Torganisme animal : chimie, 
morphologie, physiologie, 4thologie. Paris 1926. pp. xvi + 604. 

m. 

Vbbsohoyle, Tekenob. See Haas, Abthub. 

VizES, Matjbige. Le 9 ons de chimie physique. Park 1927. pp, 

^^ + 546 . ai. 

' ; ViEELLA, J. R. See Cobson, M. G. 

ViAAMSoa Nattjub- en Geneesxundig Congbes. See Nattjub- 

'VniTSNSCOBL&PFELIJX l^IJDSOHBIFT. 

Waggakan, Williah H,, and Eastebwood, Hbnby W. Phos- 
phoric amd, plmsphates, ami phosphatie fertilizers. New YgA 
1927. pp, 370. ill. 
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Wait, DotoIiAS. The manufacture of enamel paints : a practical 
handbook. London 1927. pp. viii + 153. ill. 

Waite, Abthtjr Edwaud. The secret tradition in alchemy: 
its development and records. London 1926. pp. xrii + 416. 

Waksmaet, SET..MAN A. Principles of soil microbiology. [Balti- 
more, Md.] 1927. pp. xxviii -f 833. ill. 

Waksmaist, Setmak a., and BAVisoir, WhiBxtbt 0. Enzymes : 
properties, distribution, methods, and applications. [Baltimore^ 
Md.] 1926. pp. 3iv + 364. iU. 

WaIxEEB, Sm James. Introduction to physical chemistry. 
10th edition. London 1927. pp. xii -f- ^8. ill. 

Waltees, F. M., jun. See United States. DepartmeM of 
Commerce. Bureau of Standards. Scientihc Pap^ No. 551. 

Wandbe, Geobo. tJber das “He^ridin” einiger PjQanzen. 
Bern 1925. pp. iv + 72 8 plates. 

War Oeeioe. Manual of the medical aspects of chemical war- 
fare. London 1926. pp. 92. ill. 

^ Beseao'ch DepartmeTdy Woohmek. R.D. Report No. 67. The 

influence of molybdenum on medium carbon steek containia^ 
nickel and chromium. [By J. A. Jones.] London 1927. pp. 59. 

ill. 

Webb, E. T. Soap and glycerine manufacture. JjmAou 1927. 
pp. xii + 224. ill. 

WEiDEBrASS, N., and Kogebman, P. tHber die Anwundbarkeit 
der Brennschi^erdl-Phenolate zur Hokkmisarvieru^ {From ^ 
SUz. Nai.-Qes. Univ* 1926, 33.) 

Weigebt, Ebitz. Optische Methoden der CSiemie. Z^eiprig 
1927* pp, xvi + 632 + zvi. ill. 

Weimabn, Petb PETBOVI& voE. Kolloides und kristisdIoldeB 
LOsen und Niederschlagen. 3 vols- Kyoto 1921. pp. xc-}- 
743 + 108 plates. (Beference.) 

Die Allgemeinheit des Kolloidzustandes : kollmdes und 

kristalloides LOsen und Niederschlagen. Trandated from the 
Russian by S. P. Slokasow. 2nd edition. Edited by Ax^wm 
Kuhn. VoLI. Dresden 1925. pp. xvi + 506. ilL 

Welch, Mabous Baldwin, and Coombs, Eeank Anbbxw. Hie 
principal tanning materials of Australia, and their leather fcuming 
properties. {Sydney Te<Jmdk>g%cal Mnseium BvMeiin, No. 16.) 
1926. pp. 20 + 7 plates. 

West, GSlabbnob Jaz. jSce United States Natiokal Reseaboh 
CoTOon*, 

West, Ozbil. See Scoentiito and iNDtrsTsiAL Reseabch. 
Food Inveetigaiion. 

Westpeal, Wilhelm. See Handbugh deb Pezsix. 
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Wheelbb, Richard Vebnoh. See Mihes Department. Safety 
in Mines Research Board. 

Whetedey, Martha Annxb. See Thorpe, Jocelyn Rield. 

WiELAND, Heinrich. See Gattbemann, Ludwig. 

WiESNBB, Julius von. Die RolistofEe des Pflanzenreichs. 4tli 
edition. Edited by Paul Krais and Wilhelm von Bbbhmer. 
Vol. I. Leipzig 1927. pp. iv + 1122. ill. {Befereni^.) 

WiGAND, Albert. Luftdektnsche Untersucbungen bei Elugzexig* 
anfstiegen. (Eortschritte der Cbeinie, Pbysik und pbysikalischen 
Chemie, Vol, XVUI.) Berlin 1925. 

Willgress, Robert Ernest. See Soientieio and Industrial 
Research. Fuel Research. 

Wiltshire, W. J. See Pulun, V. E. 

Wintebstein, Ernst, and Trier, Georg. Die Alkaloide. Eine 
Monographie der natnrlichen Basen. 2nd edition. By Georg 
Trier. Teil I. Berlin 1927. pp. 356. 

World Power Coneerencb. Transactions of the Basle 
Sectional meeting 1926. 2 vols. Basel [1927]. pp. xxxii + 1258, 
xxiv + 1638. ill. (Reference.) 

Wright, H. E. See Ross-Maokenzie, John. 

WtjLPKEN, F- See Thbil, Alered. 
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ADDITIONS TO THE LIBRARY OF THE CHEMICAL 
SOCIETY DURING THE YEAR 1928. 

Abdbehaldeis’, Emil. [Editor.] Handbuch der biologiscben 
Arbeitsmethoden, Abt. I. .Chemiscbe Metboden, TeiI2, 2 HaHte, 
Heft* ii. Abt. Ill- Physikalisch-cbemische Metboden, Tail B, 
Hoftiv. Berlin 1927-28. iU. 

AcADEMLZB ScOJNTIAIfcTTM FeIjTNIOJE. See StrOMALAISElSr Tiedea- 
KATEMIAK TOIMITTJKSIA. 

Adeney, Walter Ernest. Tbe principles and practice of tbe 
dUution method of sewage disposal. Cambridge 1928. pp. xii + 

161. m. 

Abronatjtioal Research Committee. Reports and Memoranda 
No. 1113. Gosed vessel explosions of carbon monoxide, oxygen 
and nitrogen mixtures. By R. W. Fenotno. London 1928. pp. 
13. iU. 

Allsop, G. See Mines Department. Safety in Mines Besearch 
Boards 

Alsberg, Carl Lucas, and Taylor, Alonzo Englebert. Tbe 
fats and oils : a general view. California 1928. pp. viii + 103. 

American Gas AssdoiATroN. Report of cbemical committee — 
1926. “ Recent progress of science in relation to tbe gas industry.*’ 
New York. (Beference.) 

American Oil Chemists’ Society. Oil and Fat Industries. 
Vol. V, etc. New York 1928 +. {Beference.) 

Amerioan Philosophical Society. Proceedings. Vol. XXXVI, 
etc. Pbiladelphia 1897 +. (Beference.) [Wanting Vols. XLTX — 
LI, Vols. XLVII, XLVni, and LV incomplete.] 

Ankb, E. a. [and others]. Kunstseide. Berim 1927. pp. viii + 

364 . ai. 

Aslcb Directory, Tbe. A guide to sources of specialized inform- 
ationin Great Britain and Ireland. Edited by George Frebebich 
Ba^wiGe. London 1928. pp, xvi + 426. {B^erence,} 

Auroxtsseaf, M. Analyses of three Australian rocks. (Item 
the Proc. Linnean Soc, New SoiUh WakSj 1926, 51.) 

Afstralia, Commonwealth op. Council for ScHmUfic md 
Indmiarial Besearch. First annual report, etc., M^bouruG 
(Beference.) ■ \ ^ 

Journal. Vol. I, etc. Melbourne 1927 -{-. 
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^STEALiA, Commonwealth oe. Gowncil for SoierUific and 
Industrial Research, Bulletin No. 34. The biological control of 
prickly pear in Australia. By A. P. Dodd. Melbourne 1927. 
pp. 44. ill. 

Bulletin No. 35. Kraft pulp and paper from Finns 

insignia. By L. E». Benjamin [and others]. Melbourne 1928. 
pp. 32. 

Bulletin No. 37. Paper-pulp and cellulose from the 

eucalypts by the sulphite process. By L. R. Benjamin and J. L. 
Somerville. Melbourne 1928. pp. 84. ill. 

^ Pamphlet No. 6. Standard methods of drying sultana 

grapes in Australia. By A. V. Lyon. Melbourne 1928. pp. 16. 

Pamphlet No. 7* The export of oranges. By W. 

Ranger and William John Yoxjng. Melbourne 1928. pp. 12. ill. 

Pamphlet No. 8. Methods for the examination 

of soils. By James Abthttr Prescott and C. S. Piper. Melbourne 
1928. pp. 52. ill. 

Pamphlet No. 9. A forest products laboratory for 

Australia. Justification for its creation, outline of its organization 
and rough estimate of its cost. By Alexander James Gibson. 
Melbourne 1928, pp. 28. 

Adteneieth, Whhblm. Laboratory manual for the detection of 
poisons and powerful drugs. 6th American edition, translated from 
the 5th German edition by William H. Warren. Philadelphia 
1928. pp. xxvi + 698. ill. 

Avicenna, De Congelatione et Conglutinatione Lapidum. Being 
sections of the Kitab-al-Shifa*. The Latin and Arabic texts 
edited with an English translation of the latter and with critical 
notes by Eric John Holmyard and D. 0. Mandevule. Paris 
1927. pp. X + 86. 

Baeybr, O, von, and Gerhardt, U. Die interierometiische 
Messung im TJltramikroskop sichtbar gemachter Teilchen von 200 
m Durchmesser. (Fortschritte der Chemie, Physik und physikal- 
ischen Chemie, Vol. XX.) Berlin 1928. 

Bailey, George Herbert, and Snbllgrove, Douglas Rose- 
bery, Inorganic chemistry. 2vols, London 1928. pp. viii -j- 488, 
viii + 430. iU. 

Bancroft, Wilder Dwight. Contact catalysis. (Contem- 
porary Developments in Chemistry.) New York 1927. pp. ii + 15. 

Barker, Sydney George. 8ee British Research Association 
FOB THE Woollen and Worsted Industeibs. 

Bakwick, George Frederioh. See Directory. 

Batten und Wirtschapt. Beilage der Tonindustrie Zeitung. 
Yol. I, etc. Berlin 1928 +. {RefereTice,) 



Bbok, CoiSTRAD. The microscope. 2 vols. London 1923-24. 
pp. 144,232. m. 

Benjamin, L. R. Sm Austbalia, Commonwealth of, Goivtwil 
for Scientific and Industrial Research, 

Bebl, Ernst, and Ranis, L. Die Anwendung der Interfero- 
metrie in Wissenschaft und Teohnik. (Fortschritte der Chemie, 
Physik und physikalischen Chemie, Vol. XIX.) Berlin 1928. 

Beenbb, Endbe. a contribution to the thermochemistry of organic 
compounds. (From the Arclt. Malh. Nalurvidenskab,^ 1926, B 39.) 

Berry, Philip A. Liquor hydrogenii peroxidi : its assay,, 
characters and tests. Adelaide 1928, pp. 11. 

Berthblot, Maroelin. Science et education. Discours et 
notices acad^miques. Paris 1901. pp. xii + 384. 

See Mbnsohutkin, Boris NIKOLAE^^TSOH. 

Biron, Etjgen Vladislavovich. See Menschutkin, Boris 
Nikolaevitsoh. 

Blaoktin, Samuel Cyril. See IVIines Department. Safety m 
Mines Research Boa/rd, 

Bloch, Olaf Frederick. See Institute of Chemistry of 
Great Britain and Ireland. 

Blyth, Alexander Wynter, and Blyth, Meredith Wynter. 
Foods, their composition and analysis. 7th edition. By Henry 
Edward Cox, London 1927, pp. xxvi + 620. ill. 

Blyth, Meredith Wynter. See Blyth, Alexander Wynter. 

Bogbrt, Marston Taylor. Synthetic organic chemistry in the 
study of odorous compounds. (Contemporary Developments in 
Chemistry.) New York 1927, pp. ii + 30. 

Bolton, Edward Richards. Oils, fats, and fatty foods : their 
practical examination. A handbook for the use of analytical and 
technical chemists and manufacturers. With a chapter on 
vitamines by Jack Cecil Drummond. Being a 2nd edition of 
“ Fatty foods by Edward Richards Bolton and Cecil Revis. 
London 1928. pp. xvi + 416. ill. 

BoLziNaER, Antoine. Electrolytic corrosion of gas mains : a 
study of the phenomena. (From the Qas J., 1927, 179.) 

Boyd, James. The estimation of dust in mine air on the Wit* 
watersrand. (From the J, S, African InsL Eng,, 1928, 26.) 

Brady, Frank Lawrence. See SciENTiFro and Industrial. 
Research. Building Research, 

Bragg, Sir William. An introduction to crystal analysis. 
London 1928. pp. vlii + 168, ill, 

Bray, William Crowell. See Noyes, Arthur Amos. 

British Cotton Industry Researcsh Association. Research 
in the cotton industry, A review of the work ... up to the end 
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of 1926 carried out under the direction of the late Abthtje William 
Oeossley. Edited by Robert Howson Pickard. Manchester 
[1927]. pp. xvi -f 80. ill. 

British Research Association for the Woollen and Worsted 
Inddstribs. Publication ITo. 94. A survey of the production and 
utilisation of wool. By Sydney George Barker and Arnold 
Frobisher. Leeds 1928. pp. 10. 

British Science Guild. Report of the Committee appointed to 
consider the reform of the British patent system. London [1928]. 
pp. 48. 

Brodb, W. R. See United States. Department of G<ymmerce* 
Bureau of Standards. Technologic Paper No. 354. 

Bronsted, Johannes Nicolaus. The theory of velocity of 
ionic reactions. (Contemporary Developments in Chemistry.) 
New York 1927. pp. ii + 29. 

Brown, Hylton R. See United States. Department of Agri- 
culture, Technical Bulletin No. 74. 

Browne, Charles Albert. Agricultural chemistry. (Contem- 
porary Developments in Chemistry.) New York 1927. pp, ii + 17. 

Brunswig, H. See Escales, Richard. 

Buchanan, R. E., and Fulmer, Ellis I. Physiology and bio- 
chemistry of bacteria. Vol, I. [Philadelphia] 1928. pp. xii + 
516. ill. 

Building Science Abstracts. See Sotentebto and Industrial 
Research. Building BesearcJi. 

Burgess, Mauriob John. Mines Department. Safety in 
Mines Research Board, 

Buswell, Arthur M, The chemistry of water and sewage 
treatment. New York 1928. pp. 362, ill, 

Galichb. See Instituto CtaNTmoo e Industrial del Saletre. 

Cambridge Philosophioal Society. Proceedings. Vol. XX, 
etc. Cambridge 1920 +. {For circulation,) 

Oambridgb University. Abstracts of dissertations approved for 
the Ph.D., M.Sc., and M.Litt. degrees in the University of Cambridge 
for the Academical year 1926-1927. Cambridge 1928. pp. 89. 

Cameron, Alexander Thomas. A textbook of biochemistry for 
students of medicine and science. London 1928. pp. x + 462. 

m. 

Carlsberg, Laboratoire de. Comptes-Rendus des Travaux. 
"tSaUes des volumes I k XVI, 1876 — 1927. Copenhague 1927. pp. 
69. {Reference,) 

Cavbn, Robert Martin, and Cranston, John Arnold. Sym- 
bols and formulsB in chemistry. An historical study. London 
1928. pp. X + 220. ill. 
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Chbmioal EKGiNBBEiiirG AND Mening Rbyeew. Vol. XX, etc. 
Melbourne 1928 +. (Beference.) 

Claek, William Maitsexeld. Reversible oxidation-reduction 
reactions in organic systems. (Contemporary Developments in 
Chemistry.) New York 1927. pp. ii + 20. 

See Phillips, Max, 

Clark, William Manseield, Coheh, Baripitt, and Sullivah, 
Michael Xavier. Studies on oxidation-reduction. XU. A note 
on the Schardinger reaction. (In reply to Kodama.) {UJS. Public 
Health Reports, 1927, Supplement No. 66.) 

[Clark, William Mantsexeld, and others.] Studies on oxid- 
ation-reduction. I — ^X. Washington 1928. pp. vi + 363. ill. 

Clarke, Peahk Wiggleswoeth. Biographical memoir. Ed- 
ward Williams Morley, 1838-1923. (Erom the Mem. N<d. Acad. 
Sci., 1927, 21.) 

Biographical memoir of William Erancis Hillebrand, 1863- 

1925. (Erom the Biographical Mem. Nat. Acad. Sci., 1928, 12.) 

Clatton, William. The theory of emulsions and their tech- 
nical treatment. 2nd edition. London 1928. pp. xii -f 284. ill. 
(Two copies.) 

Clbmbh, Rttdole a. By-products in the packing industry. 
Chicago 1927. pp. xii + 410. ill. 

CoHEH, Baehett. Synthesis and indicator properties of some new 
sulphonphthaleins . (Erom the XJS. Public Health Reports, 1926, M •) 

See Clark, William Mahseield. 

See Phillips, Max. 

Cohen, Ernst. The influence of pressure upon chemical tra^- 
formations. (Contemporary Developments in Chemistry.) New 
York 1927. pp. ii + 12. 

Cohen, Jtjluts Beeend. Organic chemistry for advanced 
students. 5th edition. 3 vols. London 1928. pp. viii + 427, 
viii + 487, viii + ^0. ill. {Reference.) 

Collie, John Norman. A century of chemistry at University 
College. London 1927. pp. 35. 

Colloid Stbdposium Monograph. Papers presented at the 
fifth National Symposium on Colloid Chemistry. New York 1928. 
pp, 394. ill. (Two copies.) 

- — Papers presented at the sixth Symposium on Colloid 
Chemistry. New York 1928, pp. 346. ill. 

Contemporary Developments in Chimistry. Lectures 
delivered at Columbia University in the special course in chemi^ry 
given in the summer session of 1926 on the occasion of the opening 
of the Chandler Chemical liaboratories. New York 1927 . ill. 

Cork, James M. 8 m Wood, William P. 
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Coupee, Katheehte Lamont. See Medical Reseaeoh Council. 

CouETOT, Cbaeles. Le magnesium en ehimie organique. 
Nancy 1926. pp. vi + 352. 

CowAED, Hubeet Feank, and Jones, 6 . W. limits of inflamm- 
ability of gases and vapors. (U.S. Bureau of Mines. Bulletin 279.) 
Washington 1928. pp. viii + 99. iQ. 

CowpEE, Alpebd Denys. See Soientebio and Industeial 
Reseaeoh. Building Besearch, 

Cox, Heney Edwaed. See Blyth, Alexander Wyntbe. 

Ceanston, John Arnold. See Cavbn, Robert Martin. 

CBEiaHTON, Heney Jeemain. Principles and applications of 
electrochemistry. 2nd edition. Vol. I. Principles. New York 
1928. pp. xvi + 488. ill. 

Ceivellt, E. L’industria chimico-metallurgica del solfato di 
rame e le miscele cupriche funghicidfe ed anticrittogamiche. Milano 
1928. pp. viii + 321. iU. 

Crossley, Aethue William. See British Cotton Industry 
Research Association. 

Ceuiokshank, John Norman. See Medical Research Council. 

Damon, Samuel Reed. Food infections and food intoxications, 
Baltimore, Md. 1928. pp, viii + 266. ill, 

Danoastbe, Ernest Augustus. See Friend, John Newton. 

Daniels, Richard George. Cellulose lacquers : materials 
employed in their manufacture and hints for their use. London 
1927. pp. iv + 21. 

Davis, R. 0. E. See United States. Department of Agriculture. 
Circular 423. 

Dehnioke, Johann. Laboratoriumsbuch fiir die Brennerei- 
Industrie. Halle (Saale) 1928. pp. xii + 292. ill. 

Dodd, A. P. See Australia, Commonwealth op. Council for 
Scientific and Industrial Besearch, 

Doerell, Ernst Gustav. See Stoklasa, Julius. 

Donatbc, Eduard. Die Chemie der Ziegelmauerwerkes. (Samm- 
lung Vol. XXX.) Stuttgart 1928. 

Dow, D. B. Oil-field emulsions. (U,S. Bureau of Mines, Bulletin 
250.) WashiQgton 1926. pp, vi + 112. ill. 

Dowling, R. N. Sugar beet and beet sugar. London 1928. 
pp. X, 6 to 278. ill. 

Deuckbr, Carl. See Handbuch der allgemeinen Chemie. 

Drummond, Jach Cecil. See Bolton, Edward Richards. 

Dunstan, Albert Ernest. Cantor lectures on scientific founda- 
tions of the refining of petroleum. London 1928. pp. 95. ill. 

Dybon, George Malcolm. The chemistry of chemotherapy. 
London 1928. pp. 272. 



EoKMAif, James R. See United States. Department of 
Commerce, Bureau of Standards^ Scientific Paper No. 663. 

Empire Marketing Board. The chemistry of wine making : a 
report on oenological research. By John Theodore Hewitt. 
London 1928.. pp. 67. 

English, L. L. Some properties of oil emulsions influencing 
insecticidal efficiency. (Erom the Illinois Natural History Survey 
Bulletin^ 1928, 17.) 

Ephraim, Fritz. See Handbdch dbr allgbmeinen Chemie. 

Ernst, Frank A. Fixation of atmospheric nitrogen. New York 
1928. pp.x + 164. ill. 

Esoalbs, Richard. Die Explosivstoffe. Heft VIII. Das 
rauchlose Pulver. By Bi. Brunswig. Berlin 1926. pp. xii + 499. 

m. 

Ethyl Gasoline Corporation. See United States. Depart- 
ment of Commerce, Bureau of Mines. 

Euler, Wole Adolf, Die Gichtgas-Reioigung. Die wichtigsten 
Verfahren unter besonderer Berucksichtigung des Trockengas- 
reinigungs-Verfahrens System Halbergerhiitte-Beth sowie des 
Theisen-Desintegrator-Verfahrens. Berlin 1927. pp. vii + 132. 
iU. 

Evans, Charles [Arthur] Lovatt. Recent advances in 
physiology. 3rd edition. London 1928. pp. xiv + 403. ill. 

Evans, Edward Victor. William Young memorial lecture. 
Edinburgh 1928. pp. 12. ill. 

Evans, Ulick Richardson. The corrosion of metals. 2nd 
edition. London 1926. pp. xvi + 260. ill. 

Everest, Arthur Ernest. The higher coal-tar hydrocarbons. 
London 1927. pp. xiv + 334. 

Fair, Gordon Maskew. See Whipple, George Geeandlbb. 

Falk, Isidore Sydney. See Jordan, Edwin Oakes. 

Faris, Charles Henry. The uses of nickel deposits for engineering 
purposes. (From the Trains, Inst, Engineers ds Shipbuilders of 
Scotland, 1927.) ill. 

Penning, R. W. See Aeronautical Research Committee. 

Findlay, Alexander. The phase rule and its applicatkms. 
6th edition. London 1927. pp. xvi + 326, ill. 

Fenk, Colin Garfibld. Physico-chemical principles in 
electro-metallur^cal research. (Contemporary Developments in 
Chemistry.) New York 1927. pp. ii + 17. ill. 

Fischer, Emil J. Die naturlichen und kunsthchen Asphalte und 
Peohe. Dresden 1928. pp, ix + 114, 

Fisher, R. A. Statistical methods for research workers. 2nd 
edition. Edinburgh 1928. pp. xiv + 269 + vi tables. 
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Ectch, William ED^yARI>. Mineral waters of the United 
States and American spas. Philadelphia 1927. pp. xvi -f 800. 
iU, 

Plight, W. S, Phenol-formaldehyde products in the electrical 
industry. Preston [n.d.]. pp. 17. 

The effect of heat on the electric strength of some com- 
mercial insulating materials. (Prom the J, InaL Electrical Eng,, 
1922, 60.) 

Piiiior, Pbedeeick B. The so-called action of acid sodium 
phosphate in delaying the onset of fatigue. (Prom the U,S. Pvblic 
Health Beports, 1926, 41.) ill. 

PoLiA CLTunoA Chimica et Micseoscoitca. Vol. I, etc. Bologna 
1926 +. {Reference,) 

PoLTZEE, Joseph. Artiffcial silk and its manufacture. 4th 
edition. Translated from the Prenoh by T. Woodhouhe. London 
1928. pp. xvi + 309. ill. 

POEEMAN, PeEDBEICK WiLLIAM. See SciEOTmC AND iHDtrSTRLAL 
Resbaech, Food Investigation. 

POBSCHUHGSINSTITOT PfjE GeSCHICHTE DEB NaTUEWISSEN- 
SCHAFTEH Beelin. Erstcr Jahresbericht, etc. Berlin 1928 +. 
{Reference.) 

Fosse, Riohaed. L’ur^. (Recherches de chimie analytique, 
biologique et agricole). Lesfonotions dinaphtopyranol, xanthydrol 
et sel de pyryle, Paris 1928. pp. xii + 304. 

PRAHKLTy, Edwabd Cuetis. Reactions in liquid ammonia. 
(Contemporary Developments in Chemistry.) New York 1927, 
pp- ii + 22. 

Prazbe, Joseph Christie Whitney. The direct measurement 
of osmotic pressure. (Contemporary Developments in Chemistry.) 
New York 1927. pp. ii + 20. iB. 

Pbiend, John Newton. [EditorJ] A text-book of inorganic 
chemistry. Vol. VI. Part i. Nitrogen. By Editond Beydges 
Rtjdhall Pbideaux and Herbert Lamboxtbne. London 1928. 
pp. xxviii + 242. ill. (Two copies.) 

Vol. VIII. The halogens and their alloys. By 

Geoefeby Martin and Ernest Augustus Danoaster. London 
1915. pp. xviii + 338. ill. {For circulation.) 

^ Vol. X. The metal-ammines. By Margaret Millen 

Jeeps Suthebland. London 1928. pp. xxviii + 260. (Two 
copies.) 

^ Vol, XI. Organo-metaUic compounds- Parti. Deriva- 
tives of the elements of groups I to IV. By Archibald Edwin 
GdtoARD and Dorothy GtODdabd. London 1928. pp. xxviii + 
418. M (Two copies.) 
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Frobisher, Arnold. See British Research Association eor 
THE Woollen and Worsted Industries. 

Fulmer, Ellis I. 8 e ^ Buchanan, R* E. 

Fukrian, N. Howell. See Kolthofe, I. M. 

Gardner, Henry A. Physical and chemical examination of 
paints, varnishes, lacquers and colors. 4th edition. Washington 
1927. pp. 784 + [278]. 

Gattefoss^i, R. M. Nouveaux parfums synth4tiques. 2nd 
edition. Paris 1927. pp. 243. 

Geiger, Hans. See Handbuch dbr Physik. 

General Motors Research Corporation. jS^ee Uitited States. 

Department of Commerce. Bureau of Mines. 

Georgievios, Georg. See Handbuch des Zeitgdruoes. 

. Gerhardt, Charles, Correspondanoe. Edited by Marc 
Tiffeneau. Vol. II. Gerhardt et les savants Fran 9 ais 1842 — 1856. 
Paris 1926. pp. vi + 322. ill. 

Gerhardt, U. See Baeyer, 0. von. 

Gibson, Alexander Jaaces. See Australia, Commonwealth 
of. Council for Scientific and Industrial Eesearch, 

Gibson, Charles Stanley, and Sodeau, William Horace. 
The use of plaster of Paris and allied substances for dental models. 
Preliminary note. (From the British Dental J., 1927.) ill. 

GhiDemeister, Eduard, and Hoffmann, Fbiedreoh. Die 
atherischen Ole. 3rd edition. Vol. I. By Eduard GmJBMEiOTBB. 
MOtitz bei Leipzig 1928. pp. xviii + 864. ill. 

Gimingham, Conrad Theodore. See Tattersfield, Frederick. 

Giua, Michele. Element! di chimica organica con trattazione 
particolare della chimicadiguerra. Torino 1928. pp.viii + 288. ill. 

Glafby, Hugo, See Haller, Robert. 

Gluckstein, S, M. See Institutb of Chemistry of Great 
Britain and IreIand. 

Goddard, Archibald Edwin. See Friend, John Hewton, 

Goddard, Dorothy. See Friend, John Newton. 

Gough, Herbert John. See Scientific and Industrial 
Research. Er^ineermg Eesearch. 

Graham-Smith, George Stuart, See Scientific and^ Indus- 
trial Research. Food Investigation. 

Grammel, Richard. See Handbuch dbr Physik. 

Green, Stanley Joseph. Industrial catalysis. London 1928, 
pp. xii + 607. ill. 

Gbiob, C. S. W. See Mines Department. Safety in Mines 
Besearch Board. 

Gbpttihs, Ezbb. See Scientific and Industrial RESBARcaEr. 
Building Eesearch. 
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Geitse, William A. Petroleum and its products : a chemical 
discussion of the properties, refining and utilization of petroleum. 
New York 1928. pp. viii + 377. 

GtoTHEBSOHULZE, Adolf. Galvanische Elemente. (Mono- 
graph. angew. Elektroch. Vol. 48.) Halle (Saale) 1928. pp. 
viii + 184. ill, 

Guggekheim, !Maekus. Die biogenen Amine und ihre Bedeut- 
ung fur die Physiologie und Pathologic des pflanziichen und 
tierischen Stoffwechsels, 2nd edition. Berlin 1924. pp. viii + 
474. ill. 

Haas, Paul, and Hill, Thomas Geoeoe. An introduction to 
the chemistry of plant products. 4th edition. Vol. L London 
1928. pp. xvi + 530. ill. 

HIgglund, Eeik. Holzchemie. Leipzig 1928. pp. viii + 276. 

m. 

Haldahe, John Scott. Gases and liquids : a contribution to 
molecular physics. Edinburgh 1928. pp. xvi + 334. ill. 

Hall , R. E. [and others]. A physico-chemical study of scale 
formation and boiler-water conditioning. (Min. Met. Inv., Carnegie 
Inst. Tech, and U.S. Bureau of Mines, Bulletin 24.) Pittsburgh 
1927. pp. xiv + 239. ill. 

B L al lee, Eobeet. Chemische Technologie der Baumwolle.— 
Mechanische Hilfsmittel zur Veredlung der BaumwoUtextOien, By 
Hugo Glaeey. Berlin 1928. pp. xiv + 711. ill. 

See Handbuoh des Zeugdeucks. 

See Hess, Kuet. 

Handbuoh bee allqemetnen Chemie. Edited by Paul 
Walden and Gael Deuceeb. V. Mechanische Eigensohaften 
fliissiger Stoffe. By Eobeet Keemann. Leipzig 1928. pp. xii + 
697. iU. {Befererice,) 

VI. Chemische Valenz- und BilduiJ|siehre. By Ebitz 

Epheatm, Leipzig 1928. pp. viii + 366. iU. {Eeference.) 

VII. Thermochemie. Arbeitsmethoden und Analyse 

der thermochemischen Daten insbesondere in dem Gebiete der 
organischen Verbindungen. By Wojoiech Swietoslawski; Leip- 
zig 1928. pp. xi + 253. ill. {Beference.) 

Hanbbuoh bee Physik. Edit^ by Hans Geig 305 E and Kael 
Schbel. Vol. m. Mathematische Hilfsmittel in der Physik. 
Edited by Hans Thieeing. Berlin 1928. pp. xiv + 647. ill. 

Vol. VI. Mechanik der elastischen Korper. Edited by 

BschaeL QeammeTj. Berlin 1928. pp. xii + 632. ill. 

Sin. Theorien der Elektrizitat. Elektrostatik. 
B^jied by Wilhelm Westphal. Berlin 1927v pp. viii + 564. 
ill 
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’Ra's^'D'Bjjcb. dbr Physik. Edited by Hahs Geigeb and Kael 
ScHEEL. Vol. Xin. Elektrizitatsbewegang in fasten und fliissigen 
Korpern. Edited by Wilhelm Westphal. Berlin 1928. pp. 
viii + 672. ill. 

Vol. XIX. HersteUung und Messung des liobts. 

Edited by Heinbioh Konbn. Berlin 1928. pp. xviii + 995. ill. 

Hajstbbtjoh DBS Zetodeucks. Edited by Georg Georgibvics, 
R. Haller, and LEOiir LiOHTBisrsTEiir. Parts I and 11. Leipzig 
1927 — 1928. pp. 512 + 12 pattern sheets, ill. 

Harrow, Benjamin. Eminent chemists of our time. 2nd 
edition. New York 1927. pp. xx + 472. ill. 

Harvey, H. W. Biological chemistry and physics of sea water. 
Cambridge 1928. pp. x + 194. ill. 

Hatschbk, Emil. The viscosity of liquids. London 1928. 
pp. xii + 239. ill. 

Hauser, Ernst A. The colloid chemistry of the rubber industry. 
London 1928. pp. 55. iQ. 

Heaton, Noel. Outlines of paint technology. Based on Hurst^s 
“Painters’ colours,oils,and varnishes.’^ Londonl928. pp.x+400. ill. 

Henle, Franz Wilhelm. Anleitung fur das organisoh-ohemische 
Praktikum. 3rd edition. Leipzig 1927. pp. xii + 308. ill. 

Hess, Kurt. Die Chemie der Zellulose und ihrer Begleiter. 
Mit einem Beitrag : IVIiceUartheorie und Quellung der Zellulose. By 
Johan Rudolf Katz : und einem Anhang ; Das farberiscbe 
Verhalten der Baumwolle und der aus ihr hergestellten Kunst- 
fasern. By Robert Haller. Leipzig 1928. pp. xxi + S36. ill. 
Hewitt, John. See Medical Research Council. 

Hewitt, John Theodore. See Empire Marketing Board. 
Hidnert, Peter. See United States. Department of Commerce. 
Bureau of Standards. Scientific Papers No. 565 and 570. 

Hill, Thomas George. See Haas, Paul. 

Hillebrand, William Francis. See Clarxb, Frank Wiggi^- 

WORTH. 

Hind, Herbert Lloyd. See Sghoen, Marcel. 

Hocart, R. Problemes et calculs de ehimie g4n6rale. Paris 
1928. pp. x + 181. m. 

Hoffmann, Frebdbich. See Gildbmeister, Eduard. 

Hogbbn, Lancelot T. The comparative physiology of internal 
secretion. Cambridge 1927. pp. viii + 148. iH. 

Holmes, Harry N. Laboratory manual of colloid chemistry. 
2nd edition. New York 1928. pp.xviii+228. ill. (Two copies.) 
Holmyard, Eric John. See Avicenna. 

Holt, W. L. See Untied States. DepartmeTii of Gommm. 
Bureau of Standards. Technologic Paper No. 342. 
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Hopkots, B. Smith. Completing the periodic table. (Contem- 
porary Developments in Chemistry.) New York 1927. pp. ii + 16. 
ill. 

Hudleston, Lawson John. Chemical affinity. London 1928. 
pp. viii + 138. ill. 

Hunteb, Andrew. Creatine and creatinine. London 1928. 
pp. viii + 282. 

Huxham, John. Medical and chemical observations npon 
antimony. London 1766. pp. 78. (Eeference,) 

Impebiad Chemical Industries. Liquid chlorine. London 
[1928]. pp. 13. iU. 

Imperial Institute. The mineral industry of the British 
Empire and foreign countries. Salt. London 1927. pp. 123. 

Bromine. London 1928. pp. 19. 

Diatomaceous earth. London 1928. pp. 66. 

Iodine. London 1928. pp. 21. 

Annual Report, 1927, by the Director to the Board of 

Governors. London 1928. pp. vi + 35. 

Institut Physioo-Chimique. Annales. Vol. I, etc. Petrograd 
[later, Leningrad] 1919+ . [In Russian.] (Reference,) 

Institute op Chemistry op Great Britain and Ireland. 
Chemists and dividends. By S. M. Gluckstbin. London 1927. 
pp. 24. 

The chemist in the photographic industry. By Olaf 

Frederick Bloch. London 1927. pp. 18. 

Jubilee celebration, 14th — 16th December, 1927. pp. 63. 

ill. 

Instituto Oientipico b Industrial del Salitrb. Caliche. 
Vol. I, etc. Santiago (Chile) 1919 +. (Reference.) [Vols. I, V, 
and Vn incomplete.] 

Irvinb, Sib Jambs Colquhoun. Carbohydrates. (Contem- 
porary Developments in Chemistry.) New York 1927. pp. ii + 28. 

Japanese Journal op Medical Soienges. Transactions. II. 
Biochemistry. Published by the National Research Council of 
Japan. Vol. I, etc. Tokyo 1925 +. (Reference.) 

Jbancard, Paul. Les parfums : chimie et industrie. Paris 
1927. pp. 387. ill. 

Jersey. Rapport de Tanalyste officiel pour Tann^ 1926. 
Jersey 1927. pp. 19. 

. Johnson, Obbd Simon. A study of Chinese alchemy. Shanghai 
1^8. pp. xiv + 166. 

' Johnson, Treat Baldwin. Chemistry of bacteria. (Contem- 
pcaery Devdopments in Chemistry.) New York 1927. pp. ii + 14. 

Jones, G. W. See Coward, Hubert Frank. 
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Jones, John Henry. See SciENTmo and Industrial 
Reseahoh. Fuel Sesearch, 

Jordan, Edwin Oakes, and Falk, Isidore Sydney. [Fdiiors,] 
The newer knowledge of bacteriology and immunology. By eighty- 
two contributors, Chicago 1928. pp. x + 1196. ill. 

Jordan, Louis. See United States. Department of Commerce. 
Bureau of Standards. Scientific Paper No. 563. 

Journal Mbdico-Biologique. Year III, etc. Moscow 1927 -f. 
[In Russian.] (Beference.) 

Kaiser. Wilhelm-Institut pur Silikatporsohung in Berun- 
Dahlem. Ver5ffentlichungen. Vol. I. Berlin 1928. pp. viii + 
269. (Beference.) ill. 

Kam, E. J. van der. Tabellarische Ubersicht der Naphtalin- 
derivate. Auf Qrundlage des Werkes : Sur la constitution de la 
naphtaline et de ses d4riv&,” par FRtnfiRio Rbverdin et Emilio 
Noelting. 2 vols. Haag 1927. pp. xx -f [458], x + 252. 
(Beference.) 

‘Katz, Johan Rudolf. See Hess, Kurt. 

Kausoh, Oskar. Die aktive Kohle, ihre Herstellung imd 
Verwendung. HaUe (Saale) 1928. pp. vii -f 342. ill. 

Keane, Charles Alexander. See Lunge, George. 

Keen, Bernard A. See Physios in Industry. 

Kbkul4, August. See Liebig, Justus von. 

Ksmpp, Richard, and Kutter, Fritz. Schmelzpunktstabelien 
zur organischen Molekular-Analyse. Braunschweig 1928. pp. 
xvi + 766. ill. (Beference.) 

Kendall, Edward C. Oxidative catalysis [in the body]. (Con- 
temporary Developments in Chemistry.) New York 1927. pp. 
ii 4- 20. 

Kershaw, John Baker Cannington. The recovery and 
use of industrial and other wastes. London 1928. pp. xviii -j- 212. 

m. 

King, James Grieve. See Soientipio and Industrial 
Research. Fuel Beseari^. 

Kingzbtt, Charles Thomas. Chemical encyclopaedia ; an 
epitomized digest of chemis^ and its industrial applications. 4th 
edition. London 1928. pp. viii + 808. (Befereruse.) 

Ejrrmann, a. La chimie d’hier et d*aujoard''hm. Paris 1928’. 
pp. viii + 148. ill. 

Kistiakowsky, George B. Photmliesnlcai pirooesses. Ifew 

York 1928. pp. 270. iU; ' ' ^ ^ 

. Knibbs, Norman Victor Sydn® 
bauxite : with an account of its origin^ 
properties. London 1928. pp. 141. 
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Kiroiji, Rtoolf. Synthetische und isolierte Riechstoffe und 
ihre Hersteilung. 2nd edition by Alfred Wagner. Halle (Saale) 
1928. pp. X + 257. m. 

Kofler, Lttdwig. Die Saponine. Wien 1927. pp. x + 278. 
ill. 

Kogerman, Paitl Nicolai. The oil-shale industry of Estonia. 
Tartu 1927. pp. 40. ill. 

Kolthoff, I. M., and Menzbl, H. Volumetric analysis. An 
authorized translation based upon the German edition by N. 
Howell Furman. Vol. I. New York 1928. pp. xviii + 289. iU. 
Komppa, Gustaf. See Suomalaisen Tiedeakatemian Toimi- 

TUKSIA. 

Konek, Heinrich. See Handbuoh deb Physik. 

Kossel, Albrecht, The protamines and histones. Translated 
from the original German manuscript by William Vbale Thorpe. 
London 1928. pp. xii + 107. 

Kraus, Charles August. Radicals as chemical individuals. 
(Contemporary Developments in Chemistry.) New York 1927. 
pp. ii + 16. 

Kremann, Robert. See Handbuch der allgemblnen 
Ohemie. 

KrIzeneok^, Jaroslav. See Stoklasa, Julius. 

Kuhn, W. Physikalisch-chemische tJbungen. Zurich 1928. pp. 
102. ill. 
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